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Conversion Factors

Inch/Pound to International System of Units

Multiply By To obtain
Length
inch 0.0254 meter (m)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 2.590 square kilometer (km?)
Flow rate
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year (m?/yr)
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year (hm?/yr)
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m?/s)
Mass
ton per day (ton/d) 0.9072 metric ton per day
ton per day (ton/d) 0.9072 megagram per day (Mg/d)
ton per year (ton/yr) 0.9072 megagram per year (Mg/yr)
ton per year (ton/yr) 0.9072 metric ton per year
ton per square mile per year 0.3502 ton per square kilometer per year
[(ton/mi?)/yr] [(ton/km?)/yr]
Hydraulic gradient
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32.

Supplemental Information

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius
(uS/cm at 25 °C).

Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L)
or micrograms per liter (ug/L).

Datums

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929.

Horizontal coordinate information is referenced to the insert datum name North American
Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.



Discharge, Suspended Sediment, Bedload, and
Water Quality in Clear Creek, Western Nevada,

Water Years 2010-12

By Jena M. Huntington and Charles S. Savard

Abstract

Clear Creek is a small stream that drains the eastern
Sierra Nevada near Lake Tahoe, flows roughly parallel to
the U.S. Highway 50 corridor, and discharges to the Carson
River near Carson City, Nevada. Historical and ongoing
development in the drainage basin is thought to be affecting
Clear Creek and its sediment-transport characteristics. A
baseline study from water years 2004—07 collected and
evaluated data at three Clear Creek sampling sites. These data
included discharge, selected water-quality parameters, and
suspended-sediment concentrations, loads, and yields. This
study builds on what was learned from the baseline study in
water years 2004—07 and serves as a continuation of the data
collection and analyses of the Clear Creek discharge regime
and associated water-quality and sediment concentrations and
loads during water years 2010—12.

During this study, total annual sediment loads ranged
from 355 tons per year in 2010 to 1,768 tons per year in
2011 and were significantly lower than the previous study
(water years 2004—07). Bedload represented between 29 and
38 percent of total sediment load in water years 2010-12, and
between 72 and 90 percent of the total sediment load in water
years 2004—07, which indicates a decrease in bedload between
study periods. Annual suspended-sediment loads in water
years 2010—12 indicated no significant change from water
years 2004—07. Mean daily discharge was significantly lower
in water years 2010—12 than in waters years 2004—-07 and may
be the reason for the decrease in bedload that resulted in a
lower total sediment load.

Introduction

The Clear Creek drainage basin in Eagle Valley lies
along the eastern front of the Sierra Nevada near Carson City,
Nevada (fig. 1). The upper portions of the drainage basin
border the Lake Tahoe Basin. Clear Creek is a perennial alpine
stream that has its headwaters near Snow Valley Peak (altitude

9,219 ft), with three main perennial branches and several small
intermittent tributaries originating from springs and seeps. Clear
Creek generally flows eastward along its approximate 12 mi
length and discharges to the Carson River at an altitude of about
4,600 ft near the small community of Stewart, Nevada (fig. 1).

Clear Creek, for much of its upper reach, typifies the
small, clear, cool streams of the Sierra Nevada as it winds its
way through predominantly forested, shrub/scrub lands and
occasional grassland areas (fig. 2; Homer and others, 2015).
Forest fires, extreme precipitation events, and human activities
have led to channel erosion and incision in the mid-portion
of the drainage basin and sediment deposition in the lower
portions of the drainage basin. Construction of large commercial
buildings and parking lots adjacent to and near the creek’s
lower reaches also may be affecting stream-water quality and
sediment yield. Other potential anthropogenic influences on
Clear Creek water quality and sediment loading may include the
U.S. Highway 50 interchange (completed August 2007), a golf
course (completed in 2008), and a residential community (under
construction) in the mid-portion of the drainage basin.

In addition to urbanization, another factor potentially
affecting Clear Creek water quality is the application of road
salt to roads in the drainage basin. To provide winter access
to private, State, Federal, and Tribal lands in the basin, salt is
applied to Old Clear Creek Road (fig. 1) and, in places, the road
is in close proximity to the stream. In the lower reaches of Clear
Creek, the stream may be affected by urban and highway runoff,
agricultural return flows, and seepage from septic-tank systems.

In February 2004, the Nevada Division of Environmental
Protection (NDEP) issued a “National Pollutant Discharge
Elimination System” permit to the Nevada Department of
Transportation (NDOT) for pollutants discharged into the
municipal storm water sewer system (Nevada Department of
Transportation, 2005). In response, NDOT developed the Clear
Creek Storm Water Management Program in 2005 to meet the
requirements of the permit, which were to reduce the discharge
of pollutants to the storm water drainage systems associated
with highways and highway-related properties, facilities, and
activities operated by NDOT in the Clear Creek drainage basin.
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As part of NDOT’s Storm Water Management Program, the
U.S. Geological Survey (USGS) began a cooperative study
with NDOT to assess baseline conditions of general water
quality and sediment loading within the Clear Creek drainage
basin. Water-quality and sediment data were collected during
water years' 200407 (initial phase of this cooperative study)
and results reported by Seiler and Wood (2009). This report
provides additional information on sediment and water-quality
characteristics in Clear Creek during 2010-12.

Purpose and Scope

Discharge, sediment, and water-quality data were
collected during 201012 at three sites in the Clear Creek
drainage basin (fig. 1) in collaboration with NDOT. The
objectives of this study were to build on previous monitoring
and investigative studies in the Clear Creek drainage basin
by evaluating (1) long-term stream discharge, (2) long-term
sediment transport properties and potential changes in total
sediment load over time, and (3) concentrations of selected
chemical constituents in Clear Creek.

Previous Investigations

Numerous studies have collected data in the Clear Creek
drainage basin. Glancy and Katzer (1976), in their appraisal
of the Carson River Basin, reported the 1948-62 Clear Creek
annual mean discharge was 5.42 ft*/s. Piper (1969) studied
runoff in the Carson Valley area and determined that runoff
was greater at higher elevations and decreased with increasing
distance from the Sierra Nevada. Discharge data collected in
the Clear Creek drainage basin by the USGS were published in
the annual data report (U.S. Geological Survey, 2012a) and are
available from the USGS National Water Information System.

'A water year is the period from October 1 to September 30; it is designated
by the year in which it ends. Water year is used almost exclusively throughout
this report. In order to reduce confusion between calendar years and water
years in this report, all reference to years and periods is to water years unless
specifically referred to as calendar year.

*Formal hydrographic areas in Nevada were delineated systematically
by the U.S. Geological Survey and Nevada Division of Water Resources
in the late 1960s for scientific and administrative purposes (Cardinalli
and others, 1968; Rush, 1968). The official hydrographic-area names,
numbers, and geographic boundaries continue to be used in U.S. Geological
Survey information products and Nevada Division of Water Resources
administrative activities.

The long-term annual mean discharge at the streamgage on
Clear Creek near Carson City (fig. 1, site 2, USGS streamgage
10310500) is 5.31 ft¥/s (period of record 1949-62 and
1990-2012).

Several studies have focused on sediment movement in
the Clear Creek drainage basin, including Brown and Skau
(1977), Fisher (1978), Stevenson (1989), Fritchel (2003),
and PBS&J (2003). PBS&J (2003) found that sediment
transported in Clear Creek could reach the Carson River
during major flood events. Seiler and Wood (2009) determined
that, when discharge was high enough to transport bedload,
it was primarily composed of sand and gravel (80 percent
sand) and that bedload contributed 6-92 percent (average of
73 percent) of the total sediment load in the creek (Seiler and
Wood, 2009, p. 26). These results are similar to those found
by Fisher (1978), where bedload contributed 78 percent of
the total sediment load. Seiler and Wood (2009) reported
suspended-sediment concentrations of 2—1,150 mg/L in
2004-07, with the highest concentrations occurring during
isolated storm runoff events and snowmelt runoff in the
spring. Generally, water quality in Clear Creek met all U.S.
Environmental Protection Agency primary and secondary
drinking-water standards, with the exception of turbidity,
which exceeded the 5 Nephelometric Turbidity Units (NTU)
standard during spring runoff and storm events.

Description of Study Area

The Clear Creek study area covers almost 19.8 mi? and
drains the eastern slope of the Sierra Nevada in the Eagle
Valley hydrographic area” of the Carson River drainage
basin (fig. 1). This study area is nearly 2 mi? larger than
what Seiler and Wood (2009, p. 3) reported because the
Clear Creek drainage basin boundary was delineated during
this study using an updated watershed boundary dataset
(U.S. Geological Survey and U.S. Department of Agriculture,
Natural Resources Conservation Service, 2013). The altitudes
in the study area ranges from about 9,200 ft in the headwaters
to 4,765 ft at Fuji Park (near site 3). After leaving Fuji Park,
Clear Creek flows an additional 2.5 mi to its confluence with
the Carson River in southern Carson City (fig. 1). The average
main channel slope is about 1,000 ft/mi at the high-elevation
headwaters area, about 308 ft/mi (6 percent slope) in the
1-mile reach upstream of site 2, and about 58 ft/mi (1 percent
slope) where Clear Creek enters Eagle Valley (Seiler and
Wood, 2009, p. 17).

Seiler and Wood (2009, p. 3—12) describe the climate,
land use, vegetation cover, road network, geology, and soils
in the study area. To summarize, the study area lies in the rain



shadow of the Sierra Nevada and precipitation falls primarily
as winter snow; however, winter and/or summer thunderstorms
also can generate considerable precipitation. Jeffrey pine
(Pinus jeffreyi) and white fir (4bies concolor) are dominant

on the high east- and north-facing slopes. Manzanita (of
genus Arctostaphylos) and sagebrush (Artemisia tridentate)
prevail on the south-facing slopes and low altitudes. The
Clear Creek watershed drainage basin is composed mostly

of Mesozoic granite of the Sierra Nevada batholith (Moore,
1969; Stewart, 1980; Seiler and Wood, 2009), with small areas
of metavolcanic and metamorphic rocks in the northwestern
part of the basin (Seiler and Wood, 2009, fig. 8). Alluvial
deposits, derived from the adjacent mountains, dominate the
geology from where the creek emerges from the canyon to its
confluence with the Carson River (Moore, 1969).

The study area is mostly undeveloped; however,
commercial development has occurred in the eastern low
altitudes area since 2003 (Seiler and Wood, 2009, fig. 3).
Developments in the study area, which disrupt the natural
flow of surface water, have included the road network, several
residential areas, a golf course, and a commercial development
(fig. 2). The road network, U.S. Highway 50, Old Clear Creek
Road, and access roads, have been major contributors to
erosion processes (Stevenson, 1989; Forman, 2003). Large
road cuts and embankments formed steep slopes susceptible to
rill erosion and landslides. Discharge from culverts associated
with the road development also have caused gullies. NDOT, as
part of the Storm Water Management Program, has identified
areas most susceptible to erosion and has begun implementing
mitigation efforts (see erosion mitigation area in fig. 2;
Christopher Holman, Nevada Department of Transportation,
written commun., February 9, 2015).

3*Ice effect,” as described by Rantz (1982b, p. 360), is when the formation
of ice in stream channels affects the stage-discharge relation by causing
backwater that varies in effect with the quantity and nature of the ice, as well
as with the discharge.

Table 1.

Surface-Water Hydrology 5

Surface-Water Hydrology

Discharge was measured at the same three sites in the
Clear Creek drainage basin (fig. 1, table 1) as measured by
Seiler and Wood (2009). Site 1 represents the 2.4 mi? forested
and undeveloped headwaters area of Clear Creek upstream of
U.S. Highway 50 (fig. 2). Site 2 represents the reach of Clear
Creek that extends 5.7 river miles downstream of site 1 and
an additional 13.0 mi? of drainage area (15.4 mi?> cumulative)
consisting of shrub/scrub community vegetation, forest, dense
riparian vegetation, and low-density residential areas (fig. 2).
Just upstream of the streamgage (site 2), Clear Creek enters a
narrow granite bedrock canyon. Site 3 represents the reach of
Clear Creek that extends 1.4 river miles downstream of site 2
and an additional 2.7 mi* drainage area (18.1 mi? cumulative)
consisting of similar land cover as site 2, with the addition
of some urbanized areas (fig. 2). After exiting the narrow
granite bedrock canyon at site 2, Clear Creek proceeds across
an alluvial fan and then to Fuji Park and U.S. Highway 395.
More detailed site descriptions are provided in Seiler and
Wood (2009).

At sites 1 and 3, only discrete discharge measurements
were made during sediment or water-quality sampling. The
site 2 streamgage, Clear Creek near Carson City, Nevada
(USGS streamgage 10310500; altitude 5,000 ft) was a
continuous recording streamgage from 1948 to 1962 and
from 1989 to 2012. From 1963 to 1988, the streamgage was
a crest-stage gage and only peak discharges were determined.
When the streamgage was operating continuously, stage was
recorded at 15-minute intervals and then 15-minute discharges
were computed (Rantz, 1982a, 1982b). Daily mean discharge
was computed from the 15-minute discharges. During periods
of ice effect® or instrument malfunction, daily mean discharges
were estimated. Discrete discharge measurements were taken
at site 2 during sediment and water-quality sampling events
throughout the study period (2010-12). All summary discharge
data for the three sites have been published in USGS annual
data reports (U.S. Geological Survey, 2010, 2011, 2012b).

Description of discharge and sampling sites on Clear Creek, western Nevada.

[Latitude and longitude are in degrees, minutes, seconds, North American Datum of 1983 (NAD 83). Site altitude is in feet above National Geodetic Vertical

Datum of 1929 (NGVD 29)]

Drainage
Site No. . USGS . . area Site
(see fig. 1) Site name station 1D Latitude Longitude (square altitude
miles)
1 Clear Creek above Highway 50, near Spooner Summit 10310485 39°07'14" 119°52'35" 2.4 6,620
2 Clear Creek near Carson City 10310500 39°06'48" 119°47'50" 15.5 5,000
3 Clear Creek at Fuji Park, at Carson City 10310518 39°06'52" 119°46'32" 17.8 4,765
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Annual mean discharge at site 2 has varied throughout
the periods of continuous gaging (1949-62 and 1990-2012)
(fig. 3). Discharge data from 2010 to 2012 were added to
the long-term dataset as part of this study, resulting in a
long-term mean annual discharge of 5.31 ft*/s at site 2. The
mean annual discharge at site 2 during this study was 3.25 ft¥/s
in 2010, 7.13 ft¥/s in 2011, and 3.99 ft¥/s in 2012 (fig. 3).
The maximum mean annual discharge for the creek over
the entire period of record was 13.4 ft¥/s in 1997, and the
minimum was 2.09 ft*/s in 1992. The variation in mean annual
discharge is caused primarily by the annual variation of
snowpack in the drainage basin; however, significant rain-on-
snow events can occur, such as in 1997. During the previous
study (2004—07), only 2006 mean annual discharge (8.64 ft*/s)
was greater than the long-term mean annual discharge; during
the current study (2010-12), only 2011 mean annual discharge
(7.13 ft*/s) was greater than the long-term mean annual
discharge (fig. 3).

Mean monthly discharge at site 2 for the periods
of record (March 1948—September 1962 and February 1989—
September 2012) ranged from 0.67 to 36.3 ft*/s (fig. 4). Mean

monthly discharge statistics were computed based on months
for which complete records of discharge were available.
Generally, the maximum median mean-monthly discharge was
in April, while the minimum median discharge was in August
and September. Discharge in water year 2010 was less than
average because nearly all monthly mean discharges were
less than the median mean monthly discharge for the period
of record (fig. 4). During water year 2011, October—February
mean monthly discharges generally were less than the median
mean monthly discharges for the period of record; however,
high streamflow resulting from an above-normal snowpack
increased the March—September mean monthly discharge to
greater than the 75th percentile for mean monthly discharges
for the period of record (fig. 4). October and November in
water year 2012 continued to exhibit greater mean monthly
discharge; however, from April through September 2012,
mean monthly discharge receded to less than the mean
monthly discharge for the period of record (fig. 4). The
greatest January outlier corresponds to the 1997 rain-on-snow
event, and the greatest April and May outliers both correspond
to a 1952 event (fig. 4).
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Figure 3. Mean annual discharge for periods of record at site 2, Clear Creek near Carson City, Nevada (USGS
streamgage 10310500), water years 1949-62 and 1990-2012.
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Figure 4. Mean monthly discharge for periods of record, water years 1949-62 and 1990-2012 and monthly discharge for water
years 2010-12, at site 2, Clear Creek near Carson City, western Nevada (USGS streamgage 10310500).

Daily mean discharge of Clear Creek ranged from
0.87 to 45 ft*/s during 2010-12 (figs. 54-5C). Relatively low
discharge conditions occurred in Clear Creek during 2010
and 2012 (figs. 54 and 5C). In 2011, above-normal snowpack
led to greater snowmelt, increasing discharge in Clear Creek
to above normal throughout the spring and into the autumn
(fig. 5B). Da