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Hydrogeology of Lake Tahoe Basin, California and
Nevada, and Results of a Ground-Water Quality
Monitoring Network, Water Years 1990-92

By Carl E. Thodal
ABSTRACT

Decreased clarity in Lake Tahoe has been
attributed to accelerated eutrophication due to
an increase in nutrients—especially phosphorus,
iron, and nitrogen. Water-quality monitoring in
the Lake Tahoe Basin initially focused on in-lake
measurements of clarity, nutrient concentrations,
and algal productivity, and on determining stream-
flow inputs of water, sediment, and nutrients from
selected tributaries. However, to accurately assess
water and nutrient budgets and to better under-
stand the processes affecting water quality in Lake
Tahoe, all sources, including ground water, that
may contribute to these budgets need consider-
ation, The purpose of this study was to design and
operate a network to monitor the quality of ground
water in the Lake Tahoe Basin and to evaluate
available data related to ground-water discharge to
the lake.

A hydraulic gradient generally exists
between wells in the upland areas and Lake Tahoe,
and ground water flows from the upland areas
downgradient until it is discharged by evapotrans-
piration, seepage to streams, springs, and other
small lakes prior to reaching the lake, and as seep-
age directly to Lake Tahoe. Median values of
hydraulic variables of Darcy’s Law suggest that on
the order of 40,000 acre-feet per year of ground
water discharges to Lake Tahoe, but variability in
relatively sparse measurements and other uncer-
tainties indicate that the discharge could range
from less than 800 acre-feet per year to more
than 2 million acre-feet per year.

Results of the monitoring program indicate
that the quality of ground water in the Lake Tahoe
Basin generally meets drinking-water standards.
Concentrations of dissolved solids measured in
water samples from 32 sites ranged from 59 to
264 mg/L (milligrams per liter; median: 113
mg/L). Mean concentrations of filtered nitrogen
ranged from 0.02 to 12 mg/L (median: 0.14 mg/L).
Mean concentrations of filtered phosphorus
ranged from 0.021 to 0.40 mg/L (median: 0.058
mg/L) and mean concentrations of filtered soluble
iron ranged from 1 to 210 micrograms per liter
(median: 11 micrograms per liter). Compared to
the median concentration of nitrogen, water sam-
ples from five ground-water sites had unusually
high concentrations; these well waters may have
been contaminated by land application of fertil-
izers, by residual leachate from abandoned septic
tank-leach field systems, or by an area that histor-
ically (before 1972) has been used for disposal of
treated sewage effluent.

Estimates of annual nutrient contributions to
Lake Tahoe are subject to considerable uncertainty
due to uncertainties associated with estimating the
large volume of water that may flow to the lake
each year. Assuming that a mean concentration is
representative for the entire volume of a hydro-
logic component results in additional uncertainty.
However, this simplistic approach is reasonable
as an approximation of the relative significance
of ground water to the overall nutrient budget for
Lake Tahoe. Order-of-magnitude loading esti-
mates suggest that the atmosphere is the dominant
source of nitrogen (300 tons per year) and co-
dominant source of phosphorus (20 tons per year).
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Streamflow runoff is the dominant source of solu-
ble iron (200 tons per year) and matches estimated
atmospheric phosphorus loading (20 tons per
year). Estimated ground-water contributions to the
lake for nitrogen, phosphorus, and soluble iron are
60, 4, and 2 tons per year, respectively (which in
turn represent 86, 20, and 1 percent of the stream-
flow contributions).

As implemented, this ground-water moni-
toring program only has begun the processes of
data collection and analysis. Baseline conditions
of ground-water quality have been documented for
ground-water sites distributed throughout the Lake
Tahoe Basin. Methods of sample collection and
laboratory analyses are documented and consis-
tent, and most of the network sites are expected to
be available for repeated sampling in the future for
detecting longer term trends in ground-water qual-
ity. This program also has identified areas with ele-
vated concentrations of nitrogen that may indicate
contamination from historical land-use practices.
However, in terms of mass loading, the limitations
of this monitoring network are considerable. Only
relatively few sites are distributed over 315 square
miles of drainage area and 71 miles of lake shore.
Information gathered for this program indicates
that ground water contains concentrations of nutri-
ents that are larger than those in lake water and that
ground water does discharge into Lake Tahoe, but
without accurately determined geologic bound-
aries and hydraulic properties, estimates of
ground-water discharge are uncertain.

INTRODUCTION

Background

The Lake Tahoe Basin is an exceptional
scenic and recreational resource of national signifi-
cance, and the lake is noted for its clarity and color
(Gilliland and Clark, 1981, p. 397). However, long-
term monitoring of the lake indicates that near-surface
(~300 ft) lake clarity has declined about 20 percent
since 1968. This loss in lake clarity has been
attributed to "accelerated cultural eutrophication”
(Goldman, 1988, p. 1321), which is indicated by
increased phytoplankton productivity, by periphyton

biomass accumulation and productivity, and by
decreased visibility of Secchi disks at depth.
Increased productivity has been attributed to an
increase in nutrients—especially, phosphorus, iron,
and nitrogen—to the lake and is considered to be a
direct result of increased development in the Lake
Tahoe Basin (Goldman, 1988, p. 1322-24; Tahoe
Regional Planning Agency, 1990, p. 2; Chang and
others, 1992, p. 1214). However, algal productivity

in Lake Tahoe is complicated by the uncertain role

of micronutrients (for example, cobalt, manganese, or
molybdenum) that may be colimiting, and by concen-
trations of all essential nutrients in Lake Tahoe that are
so low that small changes in the lake-water chemistry
can significantly affect algae productivity (Chang and
others, 1992, p. 1213-1214).

California and Nevada adopted the Tahoe
Regional Planning Compact (Public Law 91-148;
83 Stat. 360) in 1969 to establish the Tahoe Regional
Planning Agency (TRPA)! as the land-use and environ-
mental-resources planning agency (Tahoe Regional
Planning Agency, 1988, p. 1). The Lake Tahoe Inter-
agency Monitoring Program (LTIMP) was established
in October 1979 to acquire and disseminate water-
quality information that is necessary to support regula-
tory, management, and planning activities in the Lake
Tahoe Basin. The interagency effort has been main-
tained by matching support and services from the
California State Water Resources Control Board
(SWRCB), California Department of Water Resources
(DWR), Tahoe Research Group (TRG) of the Univer-
sity of California, Davis (UCD), TRPA, Nevada
Department of Conservation and Natural Resources
(DNCR) and USGS (U.S. Geological Survey). Moni-
toring in the Lake Tahoe Basin initially focused on
determining surface inputs of flow, sediment, and nutri-
ents from selected tributaries and in-lake measure-
ments of clarity, nutrient concentrations, and algal
productivity. However, to accurately access water and
nutrient budgets and to better understand the processes
affecting water quality in the Lake Tahoe Basin, efforts
were expanded to incorporate atmospheric and ground-
water monitoring into the LTIMP.

'For readers’ quick reference, acronyms are defined on
page v in the front of this report.
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Purpose and Scope

The purpose of the study described herein was to
design and operate a network to monitor the quality of
ground water that ultimately discharges to Lake Tahoe.
The long-range goal of the study is to provide informa-
tion to decisionmakers about the relative significance
of ground water to the nutrient budget of the lake. His-
torical data that describe ground-water flow and quality
characteristics, including about 600 drillers' logs from
the California DWR and the Nevada Department of
Conservation and Natural Resources (DCNR), were
compiled and reviewed. More than 200 existing wells
were canvassed to assess their suitability for use in the
monitoring program. Of these 200 wells, a total of 30
initially were selected for the network. One perennial
spring was included as representative of a flow system
in fractured bedrock. In addition, one well (site 22) was
subsequently abandoned by the owner and therefore
had to be replaced (site 21). The ground-water monitor-
ing network of 32 sites was thus established in water
year 1989; water samples were collected during water
years 1990-92. Each site was sampled once for deter-
mination of filtered inorganic constituents (major ions,
silica, nutrient species, and selected trace constituents),
stable isotopes of oxygen and hydrogen, and tritium, of
dissolved radon-222 gas, and of total organic carbon.
Subsequent site visits were made to collect seasonal
samples for nutrient-species determination. Collection
of water-quality data for the project ceased in June
1992.

The purpose of this report is to describe and
document the design of the network and to present
interpretations of the results obtained during its imple-
mentation in 1990-92. Historical data are summarized
to describe the hydrogeologic and geochemical set-
tings. The network is evaluated in terms of how effec-
tively the results characterize the quality of ground
water that may interact with Lake Tahoe, and how
effective continued network operation may be at
addressing water-quality objectives of the regional
planning agency.

Previous Investigations

Several reports were reviewed to establish a
foundation for the present study. The general hydrol-
ogy of the Lake Tahoe Basin was reported by Taylor
(1902) in support of early irrigation and water-supply
considerations for the Truckee River Basin. McGauhey
and others (1963) addressed early environmental and

water-quality concerns in the Lake Tahoe Basin, and
Crippen and Pavelka (1970) and the Technical Com-
mittee on Hydrology (1971) discuss water and other
natural resources of the Lake Tahoe Basin. Jorgensen
and others (1978) present characteristics of the basins
tributary to Lake Tahoe in a map report. Three of the
reports (Taylor, 1902; McGauhey and others, 1963;
Crippen and Pavelka, 1970) include water-budget esti-
mates, but each considered only the combined contri-
bution of surface water and ground water to Lake
Tahoe and not the individual contribution from each
of the two pathways.

Several studies report on hydrogeologic charac-
teristics of various areas that are tributary to Lake
Tahoe. Harding, Miller, and Lawson & Associates
(1971) report on the favorability of developing sedi-
mentary deposits and fractured bedrock on the west
side of the basin for ground-water supplies. Hydro-
Search, Inc. (1972 and 1974) reports on the public-
supply potential of aquifers within the Tahoe City
Public Utility District service area, and Harrill (1977)
presents a map report of the South Tahoe 7-1/2-minute
folio showing relative well yields and contours of esti-
mated depth to ground water. The California Depart-
ment of Water Resources (1973) lists ground-water
levels measured in a network of wells established in the
South Tahoe ground-water basin, and Scott and others
(1978), Blum (1979), and Woodling (1987) report the
results of hydrogeologic investigations in the South
Tahoe basin.

Loeb and Goldman (1979) and Loeb (1987)
report results of investigations of ground-water nutri-
ent flux from the Ward Creek drainage and in the drain-
ages of the Upper Truckee River and Trout and Ward
Creeks, respectively. Thodal (1992 and 1995) reports
on ground water and ground-water quality for areas in
Douglas County and Carson City, Nev., that are tribu-
tary to Lake Tahoe. Feth and others (1964) discuss
geochemical processes and list data on the chemistry of
water samples from springs in the Lake Tahoe Basin
and in similar granitic terrane of the Sierra Nevada.
Garrels and Mckenzie (1967) later extended the inter-
pretations from this work and Nathenson (1989) sug-
gests modifications to the divisions of cold springs
used by Feth and others (1964).

Other studies related to this ground-water quality
investigation include reports and maps of the geology
of the Lake Tahoe Basin (Birkeland, 1963; Burnett,
1971; Hyne and others, 1972; Henyey and Palmer,
1974; Bohnam and Burnett, 1976; Grose, 1985 and
1986; Niblack, 1988; and Bureau of Reclamation,

INTRODUCTION 3



1992); reports on limnology of Lake Tahoe (Goldman,
1974 and 1988; Loeb and others, 1986; Chang and
others, 1992); reports on water use in the Lake Tahoe
Basin (California State Water Resources Control
Board, 1973, and Newman, 1966); and documentation
of a geographical information data base developed for
the Basin (Cartier and others, 1994).
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GENERAL FEATURES

Location and Physiography

Most of the study area is within the Lake Tahoe
Basin Hydrographic Area (hereafter referred to as the
Lake Tahoe Basin).! The basin is on the California-
Nevada State line and is about 20 mi southwest of
Reno, Nev. (fig. 1). It is a structural valley of about 315
mi2, exclusive of the lake itself, that is bounded by the
main range of the Sierra Nevada on the west and the

IFormal hydrographic areas in Nevada were delineated sys-
tematically by the U.S. Geological Survey and Nevada Division of
Water Resources in the late 1960’s (Rush, 1968; Cardinalli and
others, 1968) for scientific and administrative purposes. The offi-
cial hydrographic-area names, numbers, and geographic bound-
aries continue to be used in Geological Survey scientific reports
and Division of Water Resources administrative activities.
Because this report deals with the entire Lake Tahoe Basin, in
California as well as Nevada, the formal hydrographic area name
for the Nevada part is used for the California part as well.

Carson Range, which extends from the Sierra Nevada
south of the lake northward along the east side of the
lake. It is in the Sierra Nevada physiographic province
near the boundary with the Basin and Range province
to the east. The crest of the Sierra Nevada splits at the
southern end of the Lake Tahoe Basin, with the main
crest trending to the northwest and the Carson Range
trending to the north. The resulting graben slopes
downward to the north between these two up-faulted
mountain systems and is characteristic of Basin and
Range physiography (Burnett, 1971, p. 119).

Lake Tahoe is a 191-mi’ water body approxi-
mately 22 mi long from north to south and 12 mi wide
(Crippen and Pavelka, 1970, p. 3). It has about 71 mi of
shoreline, a legally defined maximum depth of 1,645 ft,
and an average depth of 1,027 ft (Tahoe Regional Plan-
ning Agency, 1988, p. 8). The only outlet (other than
evaporation) from the lake is the Truckee River, which
begins near Tahoe City, Calif., and flows generally to
the northeast for about 116 mi to its terminus at Pyra-
mid Lake in Nevada (Nowlin, 1987, p. 12; fig. 1). The
dam at Tahoe City controls about 744,600 acre-ft of
lake water; regulating the lake-surface elevation
between 6,229.1 and 6,223.0 ft above sea level. The
drainage area of the Truckee River at Tahoe City is
about 506 mi?, including the lake.

The drainage basin contributing to Lake Tahoe
has a perimeter of almost 140 mi, of which more than
100 mi are higher than 8,000 ft. The mountainous
topography creates a steeply sloping, bowl-shaped
basin. Almost 60 percent of the 315-mi? contributing
area is above 7,000 ft (Crippen and Pavelka, 1970,

p. 8). Fifty-five tributaries discharge directly into
Lake Tahoe, draining about 276 mi 2 of contributing
area. Fifty-two intervening areas (areas between adja-
cent drainage basins which, based on topography,
would contribute runoff to the lake as both subsurface
and overland flow but have no defined stream channel)
constitute about 12 percent (38 mi?) of the total drain-
age area (fig. 2; Jorgensen and others, 1978, table 1).

Parts of Placer, El Dorado, and Alpine Counties in
California, and parts of Douglas and Washoe Counties
and Carson City rural area in Nevada are in the Lake
Tahoe Basin. South Lake Tahoe, Calif., is the only
incorporated city, but more than 20 established commu-
nities are within the Lake Tahoe Basin. Population cen-
ters include Glenbrook, Incline Village, and Stateline
in Nevada and Kings Beach, Tahoe City, Tahoma,
Meyers, and South Lake Tahoe in California (fig. 1).

4 Hydrogeology of Lake Tahoe Basin and Results of a Ground-Water Quality Monitoring Network, Water Years 1990-92






















































































































































