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CONVERSION FACTORS

The inch-pound system is used in this report. For those who prefer
metric units, the conversion factors for the terms used in this report are
listed below:

Multiply By To obtain
acre-ft (acre-feet 0.001233 cubic hectometers
acre~-ft/yr (acre-feet 0.001233 cubic hectometers

per year) per year
acres 0.4047 square hectometers
ft (feet) 0.3048 meters
ft3/s (cubic feet 0.02832 cubic meters
per second) per second
ft/mi (feet per mile) 0.1894 meter per kilometer
inches 25.4 millimeters
1b (pounds) 0.454 kilograms
Mgal/d (million gallons 3785 cubic meters per day
per day)
mi (miles) 1.609 kilometers
mi2 (square miles) 2.590 square kilometers
ton/d (tons per day) 0.9072 megagrams per day

Use the following to convert degrees Fahrenheit (°F) to degress Celsius (°C):

(°C) = 5/9 (°F -32)

ABBREVIATIONS

Landsat

Any of three satellites that collect radiometric data used to
produce a variety of images of the Earth's surface.

mg/L - Milligrams per liter.

STORET - Storage and Retrieval system of the U.S. Environmental
Protection Agency. .

WATSTORE - National Water Data Storage and Retrieval system of the U.S.
Geological Survey.

STATPAC - Library of computer programs of the U.S. Geological Survey
designed to perform a variety of statistical analyses, primary
on large bodies of data.

SAS - Statistical Analysis System.

NASA - National Aeronautics and Space Administration.

EROS - Earth Resources Observation System.

NDEP - Nevada Division of Environmental Protection.

DRI - Desert Research Institute, Reno, Nev.

SPPC - Sierra Pacific Power Company.
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RIVER-QUALITY ASSESSMENT OF THE TRUCKEE AND CARSON RIVER SYSTEM

CALIFORNIA AND NEVADA-~-HYDROLOGIC CHARACTERISTICS

By William M. Brown III, Jon O. Nowlin, Lawrence H. Smith, and Mary R. Flint

WHAT THIS REPORT IS ABOUT

The hydrologic story of the Truckee and Carson Rivers is dominated by
four principal themes. First is the geomorphic uniqueness of the region
through which the rivers flow. The second relates to the ways that the rivers
are connected by pipes, flumes, and canals and controlled by dams and gates.
Third is the relentless demand by numerous interests for the limited supplies
of water that the rivers provide. And the fourth encompasses the institutions
that direct the allocation of water among existing and prospective users. All
these themes must be considered in concert as well as in individual detail in
order to make the hydrologic story complete; that is, to tell of the amounts
and quality of water in the rivers that result from the combined actions of
people and nature.

The U.S. Geological Survey began a study on the Truckee and Carson Rivers
in October 1978 to assess the cause-and-effect relations between human and
natural actions and the quality of water at different times and places along
the rivers. This study was based on .understanding the hydrologic story of the
rivers inasmuch as it could be interpreted from past information and from
about 3 years of new work. Basically, the study consists of six integrated
parts. This report deals with two of the parts: The compilation of existing
basic hydrologic data and the presentation of some of the new data collected
during the study.

This report describes the fundamental physical elements of the hydrologic
story of the Truckee and Carson Rivers. It provides, for example, some of the
topographic, flow, and chemical data that define the unique character of the
rivergs. It includes new data such as the results of recent time-of-travel
studies. It also shows revisions of previous data, such as river mileages and
drainage areas determined by using new, high-resolution maps. It acts as a
guide to locating maps, aerial photographs, computer files, and reports that
relate to the rivers and their basins. It describes methods for compiling and
expressing hydrologic information, particularly in graphic format for ease of
reading and understanding by the many users of water-related data. It estab-
lishes a framework for analyzing both rivers together in 1light of their
interbasin connections.



This report consists of three basic parts: Text, tabular data, and
plates. The text provides an overview of the hydrologic system, interpreta-
tions of data collected for this study, and explanations as to the compilation
of the tabular data. The tabular data, attached to the text as supplements,
include previously collected and new data brought together in a common format.
These supplements are intended to provide users with a single source of com-
prehensive information about the rivers. The plates include detailed maps and
hydrographic plots that represent a synthesis of some of the data listed in
the supplements. The text, supplements, and plates are extensively
cross-referenced using common river mileages, sampling site numbers, and place
names.

INTRODUCTION

In October 1978, the U.S. Geological Survey began an assessment of river
quality in the Truckee and Carson River basins. The objectives were (1) to
identify the most significant resource-management problems concerning water
quality in the two basins, (2) to develop and apply methods to assess these
problems, and (3) to communicate the results to the water management community
and the general public in an effective and timely manner. The details of the
planning and design of the study are explained in a report by Nowlin and
others (1980).

The study consists of six integrated parts shown schematically in their
relation to each other in figure 1. The planning and design of the study and
the factfinding and communication workshops provide the direction for the
remaining study elements. The compilation of basic hydrologic data and the
collection of new data are fundamental steps toward the planned interpretative
work. The modeling and spawning habitat studies represent the specific,
intensive technical work to be done as derived from general agreements reached
during factfinding and communication workshops.

This report addresses the compilation of basic hydrologic data and the
collection of new data, and serves as a comprehensive reference work. The
remaining study elements are discussed in reports and other media as planned
by Nowlin and others (1980, p. 40). :
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PLANNING AND DESIGN FACT-FINDING AND

OF THE STUDY: COMMUNICATION WORKSHOPS:

What is a realistic What are the major, immediate
program to be aimed water-quality problems, and  —
toward the solution what study priority do they

of current and poten- have? How is the study pro-

tial water-quality ceeding and what are its in-
problems? terim results?

y

COMPTLATION OF BASTE DEVELOPMENT AND APPLICATION
./ DATA

 HYDROEQGIC OF WATER-QUALITY MODELS:
i How do certain water-quality
Egﬁét/ constituents change with alter-
native regulations of flow and
/// inputs of constituents?

SPAWNING HABITAT STUDIES:
What are the water-quality
constituents that are harm-
ful to the various life
stages of migratory fish?

A

Y

The Truckee-Carson River-Quality Assessment Study consists of the six integrated
elements shown in this schematic. This report addresses two of these elements
(shaded). (FIGURE 1)



The Area and the Time Periods Considered

The Truckee and Carson River basins lie in eastern central California and
western central Nevada (fig. 2), and extend from the crest of the Sierra
Nevada near Lake Tahoe to the perimeters of the basins of Pyramid Lake and
Carson Sink (fig. 3). This area encompasses 7,257 mi? of which about 20 per-
cent is in California and the remainder is in Nevada. The perimeter of this
area encloses the entire basins of the Truckee and Carson Rivers, an area near
Fernley, Nev., and an area near Topog Peak, Nev. The area near Fernley is
hydrologically connected to the basins because of diversions and leakage from
the Truckee Canal. The area near Topog Peak is arbitrarily chosen to bound
the north-western part of the Carson Sink, although the area is also hydrau-
lically connected to the adjacent Humboldt River basin. There is no specific
topographic or hydrologic divide between the terminuses of the Carson and
Humboldt Rivers.

The time frame of this report extends from 1867 through 1980 with an
emphasis on 1978-80, the principal period of the collection of new data. The
earliest hydrologic data refer to the altitudes of the surface of Pyramid
Lake, first referenced by the surveys of Clarence King and Israel Cook Russell
in 1867, 1871, and 1882. Flow data for the rivers are included or referenced
for various periods beginning about 1890 with the beginning of systematic
stream gaging on the East and West Forks of the Carson River and the main stem
of the Truckee River. Maps used and referenced herein are the most current
versions at the particular scale portrayed, and many features have been added
to update the maps to 1979-80 conditions.

An Overview of Basin Topography

The topographic features referred to in the following text are shown on
figure 3 and on the large map on plate 1 (pl. 1A). A block diagram of the
study area as viewed from the northeast from a high altitude is shown on plate
3. These maps should help the reader visualize the terrain through which the
Truckee and Carson Rivers flow.









The Land and the Rivers

The geologic setting of the basins is dominated by an abrupt north-south
division between the Sierra Nevada on the west and the Basin and Range
Province on the east (fig. 2). This division is part of a great fault system
that extends some 400 miles from south-central California to northeastern
California, passing through Nevada just east of Lake Tahoe. The fault system
divides granitic rocks on the west from geologically younger volcanic rocks on
the east. Vertical movements along the fault system over millions of years
have elevated the granitic rocks several thousand feet relative to the terrain
to the east, producing a dramatic escarpment along the eastern face of the
Sierra Nevada. Part of the escarpment passes through the study area, pro-
viding a spectacular mountainous horizon in views westward from Reno, Carson
City, and The Carson Valley. To the west of the escarpment the dominant
landforms are two ranges of high mountains (peaks over 10,000 feet altitude)~-~
the Sierra Nevada proper and the Carson Range~-between which lies the basin of
Lake Tahoe. To the east of the escarpment, a string of arid valleys and the
vast basins of Pyramid Lake and Carson Sink lie separated by short (about
10-25 miles long), discontinuous mountain ranges.

The Sierra Nevada and the Carson Range are major barriers to the eastward
flow of moist air of storms that emanate from the Pacific Ocean. The
mountains induce heavy precipitation~-~as much as 30-60 inches per year--most
of which falls as snow at high alitiudes along the Sierran crest. Less
moisture falls onto the Carson Range, and comparatively little rain or snow
reaches the desert ranges to the east. Mean annual precipitation is 7 inches
at Reno, Nev. and generally less than 6 inches in the desert ranges. The
Sierra Nevada and the Carson Range therefore are the dominant sources of water
for the Truckee and Carson Rivers, whereas the eastern three-quarters of the
study area contribute relatively little flow.

Precipitation in the rivers' headwaters is distinctly seasonal, the bulk
of the rain and snow falls between November and May. The rivers respond with
a characteristic pattern of runoff wherein the highest flows commonly occur in
May as the climate warms and springtime temperatures melt the mountain snows
(pl1. 3). Occasional midwinter floods occur when warm rains from storms

spawned in the tropical Pacific Ocean fall on and melt a part of the mountain
snowpack.

The water derived from the melting snow is of the characteristic high
quality of streams that drain the Sierran granitic rock. The relatively low
solubility of the materials through which the rivers initially flow results in
water very low in dissolved solids, typically less than 75 mg/L (milligrams
per liter). The natural quality of the headwaters is further assured by the
general lack of human activity in the areas from which most of the runoff is
derived. High flows in the winter and spring carry considerable quantities of
suspended sediment--typically more than 1,000 ton/d (tons per day) in the
Truckee River at Farad, but the receding flows rapidly clear to reveal cold,
transparent pools and whitewater riffles populated by trout and other aquatic
organisms that prefer (and therefore indicate) a healthful stream.



The Truckee River exits Lake Tahoe at Tahoe City, Calif. There the level
of the lake and the flow of the river are partly controlled by a small dam.
This dam at the head of the main stem of the river is used with six additional
dams on downstream tributaries to regulate flows of the river as it crosses
the California~Nevada State linme (pl. 1B). The East and West Forks of the
Carson River are virtually unregulated as they pass from their mountain
canyons onto the broad Carson Valley floor.

Upon leaving the mountains, parts of the flows of both the Truckee and
Carson Rivers are immediately diverted to a myriad of uses dominated by agri-~
cultural irrigation from May to November. River water is thus detained in
ditches and fields where water temperature increases, and many soluble and
suspended materials become entrained before the water returns to the streams.
Ground and surface waters (about 45 Mgal/d (million gallons per day) in 1975)
are withdrawn for municipal and industrial uses in Truckee Meadows, Eagle
Valley, and Carson Valley, and the treated effluent after those uses is then
discharged into the rivers at several sites (table 1). Treated effluent
(about 10 Mgal/d in 1979) from the basin of Lake Tahoe is pumped to sites near
Truckee and to Carson Valley, where most effluent discharges directly to the
Carson River and its major tributaries during the nonirrigation season.

Downstream from Reno and Carson City, Nev., the waters of the two rivers
commingle at Lahontan Reservoir into which the Carson River flows and about 40
percent of the Truckee River flow is diverted through the Truckee Canal. The
remaining Truckee River water flows to the closed basin of Pyramid Lake, the
contemporary terminus of the river. Releases and overflows from Lahontan
Reservoir pass through a vast agricultural complex of canals, reservoirs, and
ditches to be ultimately consumed by evapotranspiration at Carson Lake, Carson
Sink, or the Stillwater National Wildlife Refuge.

In summary, the Truckee and Carson Rivers begin as nearly pristine
mountain streams and terminate primarily by evaporation into the desert air.
The flow of the streams derives mostly from the melting of snow and is a
consequence of the interaction of the atmosphere with the great mountain
barrier in which the upper basins are formed. Along their courses, the rivers
are greatly altered as to their quality and quantity by extensive diversions,
some of which cross basin boundaries. The altered hydrologic setting aside
from the diversions is dominated by reservoir storage and releases on the
Truckee River and at Lahontan Reservoir on the Carson River.



*£31) wosie) WOII WBIIIS
-OGMOp TW G IJATY UOSIE)
pue uworle3raIT JeaniTnd
-Ta8e 03 YO3 TP uosae)
gSnoayl Japurtewda ¢asanod

‘eaxe
juaselpe

*SASTTEA J108 8urje8taar o3z pue ‘- asN
uolAeq pue 3i3ejy AlTeuoseas pasn p/1esy €°1 ¢A31) wosae) 2°C Lzxepuodag £31) uosxe)
*A311eA JO pUD *30TIISTIQ
YlIou e IIATY UOSIE) 03 epeaaN Juawsaoxdmy
3039I1p X0 uwoTled3raaxr I03 ‘soyey], TBI3U39
*Ka1TEA uUOSaI®E) uorjedrydde puel [euoseag aje] ISe3YlAON 0°€ Kiepuooag 38eT1IA SurdU]
*woT31e8TIAT I03 eBIAE *(11TtH punoy)
y3nog sweTITTM 03 ‘6L61 epeAsN IdTIISIA
20UTg °IAIATY uUOosIR) NI0g ‘aoyeg, juowaaoxduy xamag
*Aa{1EA UOSIE) 388y 03 II3IATP 6L61 ©°3 8961 aye] 31seayinosg rAR Axepuoaag Ajuno) sey3nog
: : “epeRAIN
‘eaaxe juaselpe
‘gyoTl1e3TIIT 103 pIsq pue ST1TA "32TIISTIQ
*IIATY wosIe) NIOJ ISeq -I9upaen pue uorjlelTUEyg
*A37TeA uwosie) 03 juacelpe y3nofg urlaey UIPUT FO SuUMO], L A1epuodag OTIIAISUPALH~-UIPUIN
*A3TTeA uUOsSIER) ‘uotle8TaaT 103 pasqy BIUIOITITR)
puEB ISATY uosaIe) *IDATIY uosSaIe) JO SASIEBMPEBIY ‘aoyel’ *39TI3IST@ AITTTIN
yxog 3Isem xaddp UT ITOAIISIY ¥I3I) UIpPUul 3I3YeT II0YS yinog G°'€ AxeT3139] 2T1qng J0Yel yinog
urseq IIATY UOSIE)
*IIATY *IBATY SIYonay o3 eprAIN ‘®oae *193emd3sem jurofl
s9jyon1] STPPTH Lieanqraly ‘jya9a1) roqueals sjaedg-ouay 9°81 Axepuodag sjaedg-ouay
: eTuIo03TTe]
*IBATY 9dYONIg, “jy9a1) ¢Iayonay ¢asoyel *Koua8y
x3ddn pue STIAR)] pPUB IJATY 99YOniy aye a21oys uotrle3lTuURyg
aoye]l aeq 03 juwadelpe sdeJINnsSqng Yy3liou pue 3ISopM 6°2 Axe1133] a9jonal-~-s0oyr]
urseq XSATY 93)onijy
Aep a3d
suoy1e8
JTunqns a8xeyosip B91E IDTAIIS UOTTTTH
3130T10aPAH Jo 3utog I0 32aNog at .mmnwau JuUsWIBII] sweN
£313uend

[s3ue1d juswiedxl EINPTATPUT I0F spI0dax I03viado woxy palrdwod ejep Ajrjuend]

(1 @1qel) A911eA 918ey pue ‘AS3TTvA UOSIR) ‘SMOPES) I3YONIA] IYl UT pue ‘Ioye]l aye]
Surpunoxans seaze dn-37Inq 2Y3 31e 38emes d>13sswop pue TedroTunw paleaxl Jo s3danos xofew ayg



A FRAMEWORK FOR HYDROLOGIC STUDY

On the basis of water quality, flow, physiography, and human activities,
the Truckee and Carson River basins were divided into 13 subunits (fig. 4; pl.
1A). The subunit scheme was developed by the authors with substantial input
from attendees at project-planning workshops. This scheme was selected to
account for the general intents, purposes, and time restrictions of the U.S,
Geological Survey study (p. 2). There are not so many subunits that sampling
and modeling efforts would become unwieldly, yet the number of subunits is
sufficient to allow an assessment of major, immediate water-quality problems
in the basins. The subunits were defined in such a way that their further

subdivision for special purposes in the study or in the future could be made
with relative ease.

The boundaries of the subunits generally conform to published hydro-
graphic boundaries for consistency with previous work (Rush, 1968). However,
an additional boundary between subunits L and M was determined specifically
for this study to separate the irrigated agricultural lands surrounding Fallon
from the wildfowl habitats of Stillwater National Wildlife Refuge and Carson
Lake (fig. 4). Basically this boundary connects the points where water flows
into and out of the agricultural areas. These points were determined by
inspection of aerial photographs showing agricultural activity and diversions
in August 1977. The northern boundary of subunit D represents a sink with
inflow mainly from agricultural runoff derived from the Truckee Canal. Thus,
subunit D is hydrologically connected to the Truckee River via the canal,
although the area is topographically outside the Truckee and Carson River
basins. Some water from the western part of subunit D may re-enter the
Truckee River as ground-water inflow near Wadsworth. The northwestern bound-
ary of subunit M near Topog Peak was arbitrarily chosen to separate the termi-
nuses of the Carson and Humboldt Rivers which are not separated by a topo-
graphic divide. Subunit B, containing the Truckee River and its tributaries
between Tahoe City and the California-Nevada State Line, was named the Upper
Truckee River subunit for consistency with local terminology (pl. 1A). This
should not be confused with a small stream called the Upper Truckee River that
flows into the south end of Lake Tahoe and bears no relation to Subunit B.

Subunit boundaries were determined using the most current topographic
maps and data available from the U.S. Geological Survey 'in January 1979. The
boundaries were drawn on 1:24,000- and 1:62,500-scale maps, and the areas
enclosed were determined to be accurate within 1 percent with respect to the
standard accuracy of the maps. The details of the hydrographic boundary and
area determinations for the subunits are presented beginning on page 70.
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The basins were divided into 13 hydrologic subunits on the basis of
study requirements and the input from user workshops. (FIGURE4)
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Brief Descriptions of the Hydrologic Subunits

The following brief descriptions indicate the general function of each
subunit in a context of sampling and modeling hydrologic phenomena:

Subunit

A.

Truckee River System

The Lake Tahoe subunit represents the source of the Truckee River,
and all hydrologic inputs within the subunit are integrated into the
single outlet at Tahoe City. Flow at the outlet represents a base
condition from which flow and water-quality changes downstream can
be measured.

The Upper Truckee River subunit (see p. 15) contains the dams on
Truckee River tributaries between Lake Tahoe and Floriston, Calif.,
by which flows into Nevada are regulated. Flows near the
California-Nevada State 1line represent the combined effects of
storage and releases from six principal reservoirs and Lake Tahoe.

The Middle Truckee River subunit contains the major diversions for
agricultural, municipal, and industrial uses in the Reno-Sparks
area. Flows leaving this subunit represent the effects of those
uses on the amount and quality of water that entered Nevada upstream
from Reno, and by way of the inflows of small tributaries and
ground-water discharge in the Truckee Meadows.

The Fernley area subunit contains the Truckee Canal which receives
diversions at Derby Dam. The quantity and quality of canal flows
represent most of the impacts of water uses in the Reno-Sparks area
on the Truckee River contribution to Lahontan Reservoir.

The Lower Truckee River subunit represents the conditions of the
river downstream from Derby Dam. The gquantity and quality of river
flows reflect the impacts of water uses in subunits C and D, and the
diversions into the Truckee Canal. :

The Pyramid Lake subunit is included for a final accounting for
Truckee River flows. Changes in lake volume and salinity reflect
changes in inputs from the river because there is no other
significant source of water for the lake.

12



Carson River System

The Upper West Fork Carson River subunit represents one major source
of the Carson River. Flow at the subunit boundary at Woodfords
represents a base condition from which flow and water-quality
changes downstream can be measured.

The Upper East Fork Carson River subunit represents the other major
source of the Carson River and an area of potential reservoir
regulation for the river. Historical flow patterns at the subunit
boundary near Gardnerville can be compared with synthesized flows to
estimate potential reservoir effects.

The Carson Valley subunit contains major agricultural diversions and
input points for treated sewage transferred from the Lake Tahoe
subunit. Flows leaving the Carson Valley represent the effects of
agricultural uses and treated sewage discharge on the flows that
entered via the West and East Forks Carson River, inflows of small
tributaries, and ground-water discharge.

The Eagle and Dayton Valleys subunit contains the Carson City
metropolitan area. Flows passing the Carson River gaging station
near Fort Churchill include inputs of secondary-treated sewage and
urban runoff from Carson City and Eagle Valley, and irrigation-
return flows from riparian agriculture within subunit J.

The Churchill Valley subunit includes Lahontan Reservoir, the body
of water that receives the constituents transported by the Carson
River and the Truckee Canal. In the reservoir, those constituents
circulate, mix, and change in complex patterns before precipitating
to the bottom, where they are consumed by aquatic organisms or move
downstream in release flows or spills at Lahontan Dam.

The Fallon Agricultural Area subunit contains the city of Fallon and
its extensive surrounds of irrigated agricultural fields. Flows
emanating from the single source at Lahontan Dam are spread through-
out the area, and leave the subunit at many different points.
Underlying the area is a lens of freshwater that has accumulated
atop the naturally saline aquifer and has existed since diversions
from the Truckee River began in 1905.

The Carson Sink and Carson Lake subunit represents the terminuses of
all flows exiting subunit L. The quantity and quality of these
flows, unmeasured in nearly all instances, are reflected in the
lakes, ponds, and marshes that irregularly form and evaporate in the
wildlife areas around the periphery of subunit L.
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Detailed Descriptions of the Hydrologic Subunits

In the following sections, the 13 subunits are described in terms of
physiographic, land~use, and hydrologic elements pertinent to water quality.
These sections represent a synthesis of current (1980) thinking about water
guality in the basins and are a guide to defining problems, processes, and
data needs relative to water quality. The boundaries of the subunits are
shown in figure 4 and also on plate 1A.

Lake Tahoe (A)

The outlet of Lake Tahoe at Tahoe City is generally considered to be the
source of the Truckee River. Although a stream named the Upper Truckee River
enters the south end of the lake, the direct connection of that or other
streams to the lake outlet is wvirtually lost within the vast waters of the
lake. Thus, the lake outlet was considered a logical dividing point between
the many sources of water in the Lake Tahoe basin and the main Truckee River,
a composite of waters from those sources.

The subunit encompasses 507 mi? of which the surface of Lake Tahoe
occupies about 38 percent. Although the lake receives some organic material
from streams that feed it, the ratio of the size of the lake to its basin
assures that abundant water, almost free of organic material, enters the lake
directly as precipitation. Runoff from natural slopes is also relatively low
in both dissolved and suspended material. Runoff from logged or built-up
areas and roadways is the primary source of larger quantities of dissolved and
suspended materials. However, these materials apparently are assimilated in
the massive lake and do not reach the outlet in appreciable quantities.
Therefore, the Truckee River at its source is of the same high quality as the
natural streams that feed the lake.

There is an intensive concern about maintaining the exceptional clarity
and other qualities of the lake water. To achieve these goals, municipal and
domestic sewage is exported from the basin to sites along the Truckee and
Carson Rivers (table 1). Further protection of the lake quality is now mainly
dependent upon (1) the control of nonpoint-source materials, such as sediment
that is carried by overland runoff from building sites, and (2) increasing the
capacity for treatment of sewage produced by an increasing residential and
transient population. Changing attitudes and standards for water quality at
the sites where the exported sewage is discharged may lead to revised
standards for discharges, which along the Carson River, for example, would
require an increased level of treatment for certain exported sewage.

Flows 1leaving Lake Tahoe are regulated at .a small dam on the Truckee
River near the lake outlet. These flows have been maintained according to the
Truckee River Agreement of 1935, and the flow regimen thus imposed is the
modern base condition for studies of the quantity and quality of water at
gsites downstream. This flow regimen and the Truckee River Agreement are
discussed in more detail beginning on page 32.
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Upper Truckee River (B)

In addition to the outflow from Lake Tahoe, the bulk of the flow of the
Truckee River is derived from tributary streams between the lake outlet and
the California-Nevada State line. In order to control that flow for
allocation to numerous users downstream and to provide protection against
downstream flooding, reservoirs were built at six sites on four of the
tributaries (pl. 1B). Summaries of reservoir data and reservoir operation are
provided beginning on page 32.

All six reservoirs are operated in concert with releases from Lake Tahoe
to provide the flows at a site near Floriston, Calif., required by the Truckee
River Agreement of 1935. These flows, legally termed the Floriston Rates,
are measured at a gaging station, Truckee River at Farad, Calif. (p. 32). On
this basis, the area containing the reservoirs and their drainage basins up-
stream from the Farad gage was chosen as a logical hydrologic subunit, and
totals 426 miZ2.

Donner Lake, once an unregulated lake, was converted to a water-supply
reservoir by the construction of a dam at the lake outlet to Donner Creek.
Martis Creek Reservoir was specifically designed as a flood-control facility
wherein a small pool is provided for recreational uses. Prosser Creek
Reservoir is a multipurpose facility intended for flood control, recreation,
improvement of fishery flows in the Truckee River immediately downstream, and
maintenance of Floriston rates.

Independence Lake and Stampede and Boca Reservoirs lie in series along
the Little Truckee River. Independence Lake is primarily a water conservation
facility holding water intended for power generation and supply for the Reno
area. Stampede Reservoir is a multipurpose facility intended to store water
for a variety of uses including fish habitat enhancement along the lower
Truckee River near Nixon, Nev. Boca Reservoir was designed to furnish a
supplemental water supply for downstream agricultural uses near Fallon and for
power generation upstream from Reno and at Lahontan powerplant near Lahontan
Dam. Between Independence Lake and Stampede Reservoir, there is a small
diversion leading from the Little Truckee River to Sierra Valley in the
Feather River basin of California.

The regulation of the flows through the reservoirs and in the river
involves considerable mixing of waters, according to seasonal downstream needs
and such overriding factors as equipment malfunction or imminent flood or
drought. Thus, aspects of water quality in the main river are predictable
only insofar as the outputs of the regulated tributaries are understood.
Otherwise, comparisons of water quality at Farad with that at Lake Tahoe
cannot isolate problems to a particular source, but only to the Upper Truckee
River subunit as a whole.
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Other major water-quality aspects of the subunit relate to effluent
discharge at the Truckee-Tahoe Sanitation Agency Water Reclamation Plant near
the mouth of Martis Creek and the potential for contaminating spills and
runoff along the transcontinental highway and railroad routes that border the
river. As of 1980, effluent from the north and west sides of Lake Tahoe,
Squaw Valley, and Truckee areas was given tertiary treatment at the plant and
discharged into a leach field. From there it percolated to Martis Creek and
the Truckee River after an estimated detention period of 3 to 6 months.
Highway runoff, containing such constituents as oil, rubber, lead, and the
salt applied for ice control, reaches the river untreated, as would spills
during accidents. Future protection of river quality in the interest of
downstream users is thus dependent upon (1) decisions as to the level of
treatment required to accommodate increasing population in the Truckee-Tahoe
Sanitation Agency service area, and (2) detention of highway runoff and
emergency detention procedures for spills.

Middle Truckee River (C)

Upstream from Floriston, reservoirs are used to regulate flows into the
Truckee River. Downstream, diversion dams are used to regulate flows away
from the river. Between Floriston and Derby Dam, the endpoints of the Middle
Truckee River subunit, approximately 50 diversions leave the river for
purposes of power generation, irrigation, and municipal, domestic, and
industrial water supply. Except for water leaving the system by such means as
evapotranspiration, most of the diverted water returns to the river at points
within the subunit. Flow from several small tributaries arising in the
mountains southwest of Reno reaches the river directly or through the
irrigation systems, as does ground-water discharge in the Truckee Meadows. At
Derby Dam, about 35 percent of the average annual flow is diverted out of the
Truckee River basin and terminates in the Fernley area, Swingle Bench, and
Lahontan Reservoir, thus marking Derby Dam as an endpoint to the relatively
closed system that begins at Floriston. The hydrologic subunit so defined
encompasses 744 mi? and includes the mixed agricultural and urban lands
centered on the Reno-Sparks metropolitan area.
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Diversions for power generation, of which there are four between
Floriston and Reno (pl. 1B), simply carry water in flumes to riverside
poverplants. There, the water is returned to the river after passing through
penstocks and rotating turbines or through bypass spillways. The principal
effect on the river of this activity relates to the removal of a large
percentage of the river flow along the diverted reaches during low-flow
periods.

Agricultural diversions, exemplified by Steamboat and Orr Ditches
(pl. 2B), transport water for tens of miles from the river. The water then
flows through a complex pattern of lateral ditches and fields, picking up
sediment, nutrients, pesticides, and other materials that potentially issue to
watercourses tributary to the Truckee River. Although agricultural return
flows may enter the river at other places, the primary returns move by way of
North Truckee Drain from the north and Steamboat Creek from the south. These
major watercourses also intercept urban runoff that does not otherwise enter
the river via storm drains upstream. Minor flows from Galena, Whites, and
Steamboat Creeks provide additional water supply for areas south of Reno.

Municipal, domestic, and industrial water supply is carried from the
river to treatment facilities by the Steamboat, Highland, Idlewild and
Glendale diversions. After distribution and use, the effluent is discharged
through a sewage collection system to the Reno-Sparks Sewage Treatment Plant.
After secondary treatment at the plant, the effluent is discharged into
Steamboat Creek near its confluence with the Truckee River near Vista.

Downstream from Vista, local diversions carry water for irrigation of
benchlands adjacent to the river. Exceptions include industrial diversions at
Tracy Powerplant and the Eagle-Picher Company plant. Water not consumed by
evaporation at the plants is discharged to holding ponds and percolates into
the river alluvium, and probably back to the river.

Problems with the water resource in this subunit are typical of rapidly
urbanizing areas and are among the most severe in the Truckee and Carson River
basins. Water supply is a critical issue as new development competes with
downstream interests for the rights to a limited water supply. As agricul-
tural areas of Truckee Meadows and Spanish Springs Valley are turned to urban-
suburban uses, new demands for sewage treatment have arisen. Because the
existing sewage treatment plant is operating at or above its rated capacity on
nearly a full-time basis, many alternatives are being proposed to cope with
the burgeoning effluent load. Detention basins for urban stormwater runoff
and excess sewage flows are virtually nonexistent, and the risk of raw sewage
spills, such as a spill that occurred in June 1980, into the river is great.
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Fernley Area (D)

The Truckee Canal begins at Derby Dam and carries water 31.5 miles to
Lahontan Reservoir on the Carson River. Along the canal route, about 25
diversions leave the canal for agricultural irrigation and small public water
supplies. Return flows from about half of these enter the Truckee or Carson
River basins. However, return flows from agricultural fields immediately east
of Fernley move northward into a small, closed basin. Thus, this basin is
hydrologically connected to the Truckee-Carson system and is considered a
separate subunit. The subunit extends from the Truckee-Carson system drainage
boundaries to the low point of the closed basin in the Fernley State Wildlife
Management Area, and covers about 103 miZ2.

The water budget of the Fernley Area is based upon flows in the Truckee
Canal, leakage and diversions from the canal, the ground-water system, and
runoff into the canal during rainstorms. Leakage from the Truckee Canal,
which is mostly wunlined, augments the 1local ground-water supply as does
percolation of diverted water. Agricultural return flows provide the
sustenance of wetlands north of the fields to the playa near Interstate
Highway 80. Vegetation and open water there became attractive to waterfowl
and other animals, and the area was made into a wildlife preserve. A part of
the agricultural return flows returns to the Truckee River in the vicinity of
Wadsworth, resulting in increased base flows and contributing to the load of
dissolved solids in the river.

Water-quality problems are directly tied to the condition of the water in
the Truckee Canal. Not only does canal water go to ground water and crops,
but local residents also use the canal for swimming and fishing. The future
of the water resource for the Fernley Area will be heavily dependent upon
decisions reached about water supply and quality in the Reno-Sparks
Metropolitan Area, and consequent discharges to the Truckee River and Canal.

Lower Truckee River (E)

Downstream from Derby Dam, the Truckee River flows eastward to Wadsworth
and thence northward to its modern terminus at Pyramid Lake. Along this
reach, 12 diversions extract water principally for agricultural jrrigation of
the riverine floodplain and benchlands. Between Derby Dam and Wadsworth,
three major diversions from the Truckee Canal add their return flows to the
river. Additional water may enter the river along this reach via either of
two major spillways from the camal or by ground-water flow from the canal to
the river. Otherwise, except for minor local rainfall, the primary source of
flow for the subunit is that which passes Derby Dam.
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Downstream from Derby Dam, the river channel and its immediate riparian
conditions are of great hydrologic interest. Here the river flows mostly on
Pyramid Lake Indian Reservation for which attempts are being made (1) to
redefine the allocation of Truckee River water in the interest of the
sustenance and further development of the 1local culture, and (2) to
reestablish fisheries that declined and failed earlier in this century.
Locally, channel migration and bank failures abetted by disturbance of
riparian vegetation are a continuing problem.

Below the downstream end of the subunit, the Truckee River enters Pyramid
Lake across a broad delta. The interface of the delta and the lake shoreline
is migratory, depending upon the volume of flow from the Truckee River, and
has moved several miles during this century. In order to provide a stable
reference point for hydrographic and other measurements with respect to the
river and the lake, Marble Bluff Dam was chosen as the downstream terminus of
the subunit.

Marble Bluff Dam was built to aid the reestablishment of fisheries in the
Truckee River that declined and failed earlier in this century. The Cui-ui
Lakesucker (Chasmistes cujus) and the Lahontan Cutthroat trout (Salmo clarki
henshawi) that once spawned in the river now reside only in Pyramid Lake and
will not reproduce under current water-quality and flow conditions in the
river. A fishway leading from Marble Bluff Dam to the lake allows some of the
fish to migrate to fish-handling facilities at the dam whence fertilized eggs
stripped from the fish are transferred to hatcheries. The fish may be
returned to the Lake or to points upstream in the river. However,
reestablishment of continuing Cui-ui and Lahontan cutthroat trout migrations
is dependent on several interactive physical and chemical characteristics of
the river. These conditions define the ongoing concerns for the subunit.

Primary physical concerns involve the volume, timing, and temperature of
flows during the spawning season. Because of heavy regulation in the Upper
Truckee River subunit and legal uncertainties as to allocation of flows to the
lower river, optimum flow conditions needed for the fishery are now difficult
to achieve and may continue to be so indefinitely. In addition, mechanisms
for routing fish upstream past diversion dams via fish ladders, and screening
of fish from diversion canals are still under experimentation. Water-quality
concerns have pointed to several constituents and conditions supposedly
harmful or 1lethal to various life stages of the fish, but recent studies
(R. J. Hoffman, U.S. Geological Survey, written commun., 1981) have shown that
low dissolved oxygen in river gravels may be sufficient in itself to inhibit
reproduction by killing eggs and fry.
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Pyramid Lake (F)

Prior to the 1930's, the Truckee River channel split in the vicinity of
Nixon, Nev., and the river flowed into either or both of the topographically
closed basins of Pyramid and Winnemucca Lakes. Transbasin diversions, begun
at Derby Dam in 1905, diminished the average flows of the river so that both
lakes began to recede. By the early 1930's, the river was flowing only into
Pyramid Lake, and in 1938 Winnimucca Lake went dry. The level of Pyramid Lake
has continued to decline, reaching a 100-year low in 1967 and recovering
slightly in the 1970's because of above-average river flows (fig. 5). In the
same period, the concentration of dissolved solids in the lake has increased
(fig. 6).

Continuing litigation involving water rights for Pyramid Lake, changes in
upstream water use, and unknown future climatic conditions make prediction of
future river flows to Pyramid Lake impossible. However, estimating lake
elevation and dissolved-solids concentrations is possible for a reasonable
range of river inflows. It is assumed that additions to the lake are composed
entirely of Truckee River inflows plus an average precipitation of 0.56 ft/yr,
and that losses are composed of 4 ft/yr of evaporation from the lake surface
(Harding, 1935). Figure 5 projects average changes in lake level for a number
of average annual flows between 100,000 and 400,000 acre-ft. The curve for
324,000 acre-ft projects elevations on the basis of recent (1970 to 1979)
average annual inflows.

Similarly, assuming that the lake presently contains about 140 million
tons of dissolved salts, and that salts added by inflow or removed by chemical
precipitation represent a negligible percentage of this quantity (Glancy and
others, 1972), figure 6 projects average changes in concentration of dissolved
solids in the lake. These estimates suggest that for average annual river
flows of less than 260,000 acre-ft (equilibrium lake levels below 3,660 feet),
concentrations of dissolved solids would eventually exceed the reported toler-
ance limit for cutthroat trout of 12,500 mg/L (Taylor, 1972). Concentrations
above 12,500 mg/L could be expected occasionally at average inflows above
260,000 acre-ft because of the large variability in annual river flow.
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Upper West Fork, Carson River (G)

The West Fork Carson River upstream from Woodfords, Calif., supplies
about 25 percent of the average annual flow reaching the Carsomn Valley. The
flow emanates mainly from snowmelt in mountainous and alpine meadow terrain
lying mostly above the 7,000-foot altitude of Hope Valley (pl. 1A). The
terrain is sparsely settled, much of it consisting of National forest land,
where principal activities are recreation and grazing. The river headwaters
are controlled to a limited extent by several small dams that were built at
outlets of natural lakes. Water thus stored is released in late summer for
irrigation in Carson Valley. Irrigation diversions in upland meadows are used
to water grasslands for grazing, but the hydrologic effects of these
diversions are considered to be minor.

Major irrigation diversions begin in the vicinity of Woodfords where
significant quantities of West Fork water are transferred to the Indian Creek
basin and other large areas away from the river (pl. 2A). Thus, the gaging
station at Woodfords was considered a logical terminus for the Upper West Fork
subunit. The quantity and quality of the water measured there define the base
conditions from which downstream changes can be determined.

Upper East Fork, Carson River (H)

The East Fork Carson River upstream from Dresslerville, Nev., supplies
about 75 percent of the average annual flow reaching Carson Valley. Upper
reaches of the drainage are characterized by rugged, sparsely-settled
mountainous terrain containing several large alpine meadows and many small
lakes. As on the West Fork, most of the lakes have been dammed at their
outlets to gain additional water storage (total capacity, about 5,000 acre~ft)
for summer releases to irrigation uses downstream. The lower reaches of the
drainage include significantly drier areas blocked from moisture by the great
Sierran escarpment. There, the river rums through a rugged, whitewater canyon
favored by increasing numbers of people for fishing and river touring.

Various major control structures, principally water-storage facilities,
have been proposed for the subunit. The principal hydrologic comsiderations
relate to potential flow conditions under the influence of these facilities,
primarily the proposed Watasheamu Dam near Horseshoe Bend (pl. 2A). The water
quality is known to be impaired by acid mine drainage from Leviathan Mine via
Bryant Creek and by possible seepage from septic tanks plus overland runoff
from agricultural fields in and near Markleeville.
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Carson Valley (I)

This subunit includes 464 mi? of mountainous, hilly, and flat-lying
terrain, the last of which is mostly used for agriculture (pl. 2A). The
hydrology is governed by virtually uncontrolled springtime high flows of the
East and West Forks of the Carson River in the southern parts of the subunit,
and thence by the main Carson River in the northern parts. Inflow from
several small tributaries draining the mountains west of Carson Valley,
including Daggett and Clear Creeks, and ground-water discharge in the valley
add to the flows in the subunit. Lower flows during the summer irrigation
season are regulated by about 130 agricultural diversions and the comsequent
return flows that reenter the main river by surface conveyances or ground-
water seepage. Treated sewage effluent enters the subunit at several points
depending upon the season (pl. 1A), and rapid suburban expansion is creating
dispersed sources of septic~tank discharge to the ground-water system under-
lying the valley. Floodflows commonly erode the river banks and beds in the
valley alluvium, damaging diversion dams and other structures, and eliciting a
response of bank stabilization activity and other channel modifications by
water managers.

The entire subunit drains to a point southeast of Carson City where the
Carson River enters a short canyon south of Prison Hill. A gaging station in
this canyon, Carson River near Carson City (10311000), was chosen as the
terminus of the subunit. Measurements at this station would allow the
estimation of the gross effect on the river of Carson Valley activities as
compared to the influent conditions of the East and West Forks.
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Eagle and Dayton Valleys (J)

-

Carson City, a rapidly growing urban-suburban complex, occupies most of
Eagle Valley, west of the Carson River. The city draws its water supply from
small streams draining the mountains to the west and from wells tapping the
ground water that underlies the valley. After use, the treated portion of the
water is used for agricultural irrigation or discharged to the Carson River
via Carson Ditch that enters the river just upstream of its major bend to the
east (pl. 2A). Some of the treated effluent is transported to the north-
eastern part of Eagle Valley where it is used to irrigate a golf course.
Ground-water discharge tends to reach the Carson Ditch, as does storm-
generated surface runoff. Thus, with respect to the Carson River, the ditch
acts as a point source of untreated urban runoff and secondary-treated sewage.
Agricultural return flows from the Mexican Ditch irrigation system also enter
the river in the vicinity of Carson Ditch.

Downstream from Eagle Valley, the Carson River flows through Brunswick
Canyon, the site of several water-powered, pre-1900 mills for silver and gold
ore mined from the Comstock Lode at Virginia City. Mercury from the milling
processes was entrained in river sediments and remains as a potential
contaminant between Brunswick Canyon and Lahontan Reservoir. Sewage discharge
from the community of Dayton is held for evaporation in ponds with sealed
bottoms designed to prevent percolation into river alluvium. Between the
mouth of Brunswick Canyon and Lahontan Reservoir, seven diversions carry water
to riparian agricultural lands from which agricultural return flows reenter
the river. Suburban developments east of Dayton and north of the Carson River
are served by ground-water supplies, and discharge effluents via septic tanks.
There is no apparent hydrologic connection between these developments and the
river, with the exception of a few bhomes and farm buildings on the river
benchlands and floodplain east of Dayton.

A gaging station near Fort Churchill (10312150) provides a convenient
site for measuring the outputs of Eagle and Dayton Valleys and virtually the
total Carson River inputs to Lahontan Reservoir. Thus, the subunit
encompasses the drainage area between the outlet of Carson Valley and the Fort
Churchill gage, an area of 417 mi2, most of which is arid terrain. In this
area, the Carson River receives little additional tributary runoff so that
discharges from Eagle Valley are the only major sources of additional flow.
This is significant in that total flow tends to decrease as the river flows
out into the arid valleys away from the mountains, whereas the concentrations
of potential contaminants increase. Therefore, dilution effects that occur in
rivers in which flow continuously increases with distance downstream are not
possible here.
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Churchill Valley (Lahontan Reservoir) (K)

Lahontan Reservoir is the only major detention structure on the Carson
River and is the terminus of the Truckee Canal. It is a sink for constituents
transported by the two watercourses, excepting those diverted from the canal
upstream from its terminus (pl. 2C). Other drainage to the reservoir from the
arid subunit in which it lies may be considered insignificant. Importantly,
the reservoir is an ecologically sensitive water body where results of
separate management decisions made in the two river basins come together.

Nearly all flows entering the reservoir are regulated by releases through
a valve system at the base of Lahontan Dam, and flows over the spillways are
generally prevented if possible by making planned releases through the valve
system and by use of flash boards. Basic operation of the reservoir consists
of maintaining space to store possible floodflows until early spring, and then
beginning to store as much water as possible in anticipation of the summer
irrigation season. When the reservoir is nearly full in late winter and an
abundant snowpack remains on the mountains, heavy releases are made to the
Carson River channel and canals downstream.

The water quality is of significant concern because the reservoir is the
most heavily used recreational water body in western Nevada, excepting perhaps
the Nevada section of Lake Tahoe. Boating, fishing, swimming, and camping
dominate the recreational uses, and problems with water contact have become
serious in recent years. The reservoir receives large inputs of nutrients
carried from the numerous upstream sources discussed in previous sections, and
algal blooms, often toxic to fish, commonly result from nutrient loading.
During severe algal blooms in 1980, floating algal clumps and dead fish along
the shoreline rendered the reservoir offensive for most recreational uses, and
the reservoir was closed to all uses.

Potentially toxic spills, such as untreated overflow from upstream sewage
treatment plants, cannot be detained on the Carson River and move directly to
the reservoir. Sewage overflows from the Reno-Sparks Sewage Treatment Plant
may be shunted to the lower Truckee River by closing the Truckee Canal gates
at Derby Dam, provided that the problem is recognized in time. Potentially
toxic mercury, carried from pre-1900 mill sites in Brunswick Canyon on the
Carson River, resides in reservoir sediments and biota. Mercury concen-
trations exceed Federal standards for contamination of fish flesh in certain
fish in the reservoir (Van Denburgh, 1973).
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Fallon Agricultural Area (L)

Between Lahontan Dam and the vast alkaline flats of Carson Sink lies a
large area given to agricultural uses (pl. 2A). Diversions from the Truckee
Canal downstream from the Fernley farm area and releases from Lahontan
Reservoir are used to water the area through an extensive system of canals and
secondary storage basins. The excess water spread upon the former desert has
contributed to a high ground-water table and numerous shallow ponds and
sloughs. The ground water of concern is a freshwater lens that has formed
atop the pre-existing saltwater aquifer. The fresh ground water, representing
partly the effects of water diverted from the Truckee River, is used as a
source of domestic supply by the ranch community surrounding Fallon. There-
fore, the rural Fallon area has become dependent upon a water source created
and maintained by irrigation operations involving the interbasin transfer of
water. By contrast, the city of Fallon and the nearby U.S. Naval Air Station
pump water from a deeper, basaltic aquifer which in turn is recharged by
freshwater moving downward from surface and near-surface sources.

The future conditions of the ground-water supply and quality are based on
several factors. Seasonal irrigation quantities vary with the water supply
available from Lahontan Reservoir, and shallow aquifer water levels vary
greatly depending upon the quantities of flow released. Flows from the
reservoir, in turn, depend upon moderately prolonged wet or dry periods for
the two river basins and management of flows in the Truckee Canal and at
Lahontan Dam. Changes in the allocation of flows to the Truckee Canal,
operations at Lahontan Dam, and future operations at proposed facilities
upstream on the Carson River all would potentially change the characteristics
of the shallow ground-water supply. In addition, increased pumping for agri-
cultural, municipal, and domestic use in the Fallon area could create over-
draft and possible deterioration of water quality under certain conditionmns.
Arsenic, probably naturally occurring in the near-surface alluvium, is a
common contaminant in water throughout the area, and the shallow aquifer is
particularly vulnerable to pollutants associated with domestic and
agricultural practices.

Surface water is routed through the Fallon agricultural area first via
the Carson River channel itself and major canals emanating from the Carson
River Diversion Dam (pl. 2A), and thence via numerous lateral systems. As in
the Carson Valley, some lateral ditches terminate in holding reservoirs from
which releases are regulated during the irrigation season. The dominant mode
of irrigation is the diversion of water through gates off the lateral ditches
for direct flooding of fields. Early spring releases at Lahontan Dam to
provide space for floodwater storage may precede the irrigation season. The
released water then travels down the Carson River channel to Carson Sink, the
"T*" Canal to Carson Sink, and the "V" Canal to Carson Lake.
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Carson Sink and Carson Lake (M)

Routing water through the Fallon Agricultural Area is a complicated
procedure having significant implications as to wildlife reserves around its
periphery. Historically, the Carson River flowed into a system of branching
channels that carried water to basins north and south of the present site of
Fallon. These basins were apparently often filled with water, and were shown
on early maps as the North and South Carson Lakes (Russell, 1885, pl. 6).
North Carson Lake was also fed by flows from the Humboldt River prior to the
damming and other development of that watercourse. These prominent water
bodies, together with many others along a north-south axis east of the Sierra
Nevada, provided major feeding and breeding areas for vast numbers of
migratory wildfowl. The modern situation of extensive diversion and consump-
tion of water has caused the depletion or virtual disappearance of these water

bodies, with consequent adverse effects on the viability of the wildfowl
habitat.

Routing water through the agricultural areas has produced in place of
North and South Carson Lakes a complex of reservoirs, ponds, sloughs, and
marshlands surrounding Fallon (pl. 2B). South Carson Lake has been consider-
ably reduced in size to a relatively well-defined body of water and marshland
presently called Carson Lake or Carson Pastures. North Carson Lake, presently
called Carson Sink, is nonexistent as a water body with definable boundaries,
although spills and large releases at Lahontan Dam during wet periods reach
Carson Sink. Water that would flow to the historical site of the lake has
instead been directed to numerous small sinks and reservoirs north and east of
Fallon (Stillwater National Wildlife Refuge). Carson Lake (Carson Pastures)
and the many other small water bodies now constitute the wildfowl feeding and
breeding areas.

Water reaching the wildfowl areas is that remaining after all upstream
uses have been satisfied. Therefore, periods of drought, increased upstream
consumption, or reallocation of flows through the Truckee Canal threaten to
diminish further the average supply of water available to the wildfowl areas.
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HOW THE HYDROLOGIC SYSTEM WORKS

The following sections discuss some of the detailed constructs developed
for flow and water-quality modeling. As such, they provide a substantial
insight into some key parts of the hydrologic system and act as useful
reference materials for future studies. The sections are extensively cross-
referenced with information on the plates and in the supplemental data, and
should be used with the plates for locating referenced features.

The Hydrologic Budget

To aid in understanding the hydrologic system, a preliminary water budget
was compiled for the 13 subunits (table 2). This budget is based on stream-
flow data for 1970-79 at selected stations, and precipitation, ground-water-
discharge, and evaporation data for other periods. Streamflow data for
principal stations are also included on plate 3. As of 1981, there was no
common period for which all budget data could be compiled for all subunits
simultaneously. Nevertheless, table 2 is a useful guide to the significant
inputs and outputs of water throughout the system.

For the Lake Tahoe subunit (A), Crippen and Pavelka (1970, p. 35) show an
annual budget based on data for 1901-66. Assuming that the inflow to Lake
Tahoe plus direct precipitation on the Lake (524,000 acre-ft/yr) applies for
1970-79, evaporation from the lake surface would be about 340,000 acre-ft/yr,
given that about 187,000 acre-ft/yr flowed out of the lake into the Truckee
River. About 9,000 acre-ft/yr of treated sewage are discharged to the Carson
Valley subunit (I) from sources in Subunit A.

In addition to the outflow from Lake Tahoe, flows of 216,000 acre-ft/yr
were derived from gaged tributaries in subunit B. Because the outflow from
subunit B was 539,000 acre-ft/yr, about 140,000 acre-ft/yr must have been
derived from ungaged sources.

The inflow to subunit C is supplemented by about 63,000 acre-ft/yr of
surface- and ground-water discharges (Van Denburgh and others, 1973). Outflow
for the subunit, on the Truckee River and Truckee Canal measured downstream
from Derby Dam, was about 515,000 acre-ft/yr. Therefore, about 90,000
acre-ft/yr was lost within the subunit, and most of the loss probably was
evapotranspiration in the Truckee Meadows.

For the Fernley area (D), about 208,000 acre-ft/yr flowed through the
Truckee Canal upstream from Fernley. About 6,000 acre-ft/yr was discharged as
surface and ground water to the closed basin northeast of Fernley, and about
4,000 acre-ft/yr was discharged to subunit E. Discharge of the Truckee Canal
downstream from Swingle Bench was about 159,000 acre-ft/yr, indicating losses
of 40,000 acre-ft/yr, most of which probably was evapotranspiration in the
Fernley Farm area and on Swingle Bench. About 10,000 acre-ft/yr was estimated
to flow into subunit L from the Truckee Canal between Swingle Bench and
Lahontan Reservoir.
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The hydrologic budget for the Truckee-Carson system is approximated on the basis of
streamflow, precipitation, ground-water discharge, and evaporation data (Table 2)

[Data in thousands of acre~feet per year]

Subunit symbol Inflow, main Additions Outflow, main
stream (1970-79 within stream (1970-79 Difference?
and name . 1
water years) subunit water years)

A Lake Tahoe - 3524 187 ~340

B Upper Truckee 187 1216 539 +140
River.

C Middle Truckee 539 563 515 -90
River.

D Fernley Area 208 SMinor 159 ~40

E Lower Truckee 307 511 6324 +10
River.

F Pyramid Lake €324 SMinor 0 7-324

G Upper West Fork, ~-- - 75 --
Carson River.

H Upper East Fork, -- -— 241 --
Carson River.

I Carson Valley 309 850 257 -100

J Eagle and Dayton 257 823 251 ~30
Valleys.

K Churchill Valley 9392 82 346 -50

(Lahontan Reservoir).

L Fallon 346 510 1023 -330
Agricultural Area.

M Carson Sink and 21 84 0 -30

Carson Lake.

INot included are evapotranspiration and deep percolation to ground water.
2pifference is computed as (outflow)-(inflow)-(additions) and rounded to nearest
10,000 acre-feet. Negative numbers indicate a net consumption within the subunit.
3Crippen and Pavelka, 1970, p. 33-36. Estimated based upon 1901-66 water years.
4Measured additions only. Difference for this subunit represents ungaged inflows.
5Van Denburgh and others, 1973. Estimated based upon 1919-69 water years.
6Estimated 8,000 acre-feet per year losses through Indian Dltch system
{diversions at Numana Dam) .
TLake volume decreased an average of 42,000 acre-feet per year (1970-79).
This volume, added to inflow, indicates an average evaporation of 366,000 acre-feet
per year.
8Glancy and Katzer, 1975. Estimated based upon 1919-69 water years.
SEstimated about 8,000 acre-feet per year returned from Buckland Ditch system.

10Estimated on the bas1s of partial records, and does not include flows to
Carson Lake.
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For the lLower Truckee River (E), surface-water inflows from the Truckee
River and Truckee Canal were about 307,000 acre-ft/yr. Ground-water inflow
was an estimated 11,000 acre-ft/yr. Discharge at Truckee River near Nixon
(10351700) was 332,000 acre-ft/yr, and estimated losses in the Indian Ditch
system after diversion at Numana Dam were 8,000 acre-ft/yr. These figures
indicate a net addition of 10,000 acre-ft/yr, but the source of this water
cannot be resolved using the existing data.

Average annual flow at the Nixon gage less losses to the Indian Ditch
system was used as the inflow to the Pyramid Lake subunit (F). A decrease in
the lake volume of 42,000 acre-ft/yr thus indicates an estimated evaporative
loss of 366,000 acre-ft/yr from the Lake surface.

For the Upper West Fork, Carson River subunit (G), surface-water outflow
of 68,000 acre-ft/yr plus about 7,000 acre-ft/yr of ground-water discharge
composed the total inflow from that subunit to the Carson Valley subunit (I).
An additional 241,000 acre-ft/yr was discharged to subunit I from the Upper
East Fork, Carson River subunit (H). Additions within subunit I included the
discharges of tributary streams and sewage effluent derived from subunit A.
Outflows from subunit I were 257,000 acre-ft/yr, indicating losses of 100,000
acre-ft/yr, most of which probably is evapotranspiration.

Carson River inflow to the Eagle and Dayton Valleys subunit (J) was
supplemented by about 23,000 acre-ft/yr of surface- and ground-water dis-
charge, primarily from Clear Creek and Eagle Valley. About 16,000 acre-ft/yr
was diverted into Buckland Ditch, of which an estimated 50 percent returned to
the Carson River in subunit K. Measured discharge at Carson River near Fort
Churchill was 235,000 acre-ft/yr, indicating losses in subunit J of 30,000
acre-ft/yr, presumably to evapotranspiration from Eagle Valley and
agricultural fields along the river downstream from Dayton.

Flows into the Churchill Valley (Lahontan Reservoir) subunit (K) from the
Carson River and Truckee Canal were about 392,000 acre-ft/yr, including an
estimated 8,000 acre-ft/yr returning from Buckland Ditch. Outflow from
Lahontan Reservoir was about 346,000 acre-ft/yr, suggesting losses of 50,000
acre-ft/yr to evaporation from the reservoir. Katzer (1971) estimated evapor-
ative losses of about 50,000 acre-ft/yr based on pan evaporation figures
provided by the U.S. Bureau of Reclamation in 1970.

Outflows from Lahontan Reservoir plus flows into subunit L from the
Truckee Canal downstream from Swingle Bench equal about 356,000 acre~-ft/yr.
There is no complete accounting for flows into the Stillwater and Carson Sink
areas (pl. 1A), but partial records at several stations on distributaries to
these areas indicate discharges in excess of 21,000 acre-ft/yr. The 330,000
acre~-ft/yr difference is attributable to recharge of the shallow ground water
aquifer in the Fallon area, evapotranspiration in subunit L and at Carson
Lake, and unmeasured flows to the Stillwater and Carson Sink areas. Estimated
surface- and ground-water inflows to these areas of 4,000 acre-ft/yr plus the
discharge of distributaries flowing into subunit M suggest losses to
evapotranspiration in excess of 25,000 acre-ft/yr (rounded to 30,000
acre-ft/yr in table 2).
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Operating Procedures for Major Reservoirs

Managing flow in the rivers is a complex procedure based primarily on the
integrated operation of eight reservoirs (table 3). The operation is dictated
by mandates to maintain specified minimum and maximum flows measured at key
points on the Truckee River. These flows and the operation of the reservoirs
to meet them derive from long-term experience with the system and decades of
litigation. Nevertheless, the operation of the reservoirs remains a major
subject of controversy, and pending litigation seeks further changes in
operating procedures. The following discussion describes the current (1980)
operations, and is based upon legal documents, discussions in two workshops
sponsored by the Truckee-Carson River-Quality Assessment, and consultations
with the Federal Water Master, Reno, Nev. The Federal Water Master is
primarily responsible for reservoir operation and directing most of the
allocation of water throughout the Truckee-Carson system. Water in three
reservoirs is privately owned, as indicated in table 3, and may be used
according to the owner's decrees. Analyses of the decrees and institutions
governing the water resource are beyond the scope of this report.

Specified Flows

The principal specified flows on the Truckee River are the Floriston
rates and a flood indication flow. The Floriston rates were established by a
Federal District Court decree in 1915 and were to be measured at a gaging site
near Floriston, Calif. In 1935, the rates were revised and their place of
measurement moved to the gaging station Truckee River at Farad, Calif.
(10346000). The rates are keyed to the water-surface altitude at Lake Tahoe
Dam and the irrigation season (table 4 and fig. 7). The decree establishes
the rates as minimum flows. Meeting downstream water rights during the entire
irrigation season, however, commonly prevents the Water Master from signific-
antly exceeding these rates. Rates are occasionally exceeded during releases
of privately owned water, releases for storage in Lahontan Reservoir, and
releases to create flood storage space in upstream reservoirs.

When a flow at the gaging station Truckee River at Reno, Nev. (10348000),
exceeds 6,000 ft3/s, the Federal Water Master must begin flood storage in four
reservoirs (table 3) which continues as long as the flow exceeds 6,000 ft3/s.
Thus, 6,000 ft3/s has been established as the flood indication flow. When the
reservoirs are unable to provide enough storage, minor river flooding begins
in the Reno-Sparks area at a flow just above the channel capacity of about
6,000 ft3/s, and major flooding occurs at about 10,000 ft3/s.
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The factors affecting the integrated operation of major reservoirs in the Truckee and Carson River
basins indicate the complexity of the system (Table 3)

Minimum Maximum Flood storage reserve Priority Priority Usable Date of
Reservoir namel outflow outflow? . for indicated time of of volume® beginning

(ft3/s) (ft3/s) period3 (acre-ft) storage? release® (acre-ft) of operation
Lake Tahoe 750-70 2,500 -- 83 92 744,600 101913
Donner Lake 0 700 7,300 - Nov 15-Apr 15 1 (&5 9,500 101943
Martis Creek Lake Inflow 620 19,600 - year around flood only -- 19,600 1972
Prosser Creek 5 1,950 20,000 - Nov 1-Apr 10 124,8 73 28,640 1963
Independence Lake 3 300 -- 139 (G2

14¢ 17,500 101937
Stampede 183¢ 2,740 22,000 - Nov 1-Apr 10 87 %) 221,500 1969
or inflow

Boca 0 900 8,000 - Nov 1-Apr 10 85 21 40,900 1938
Lahontan (] 3,000 1780,000 - Nov 1-Mar 1 183 -- 19295,150 1914

15ee plate 1B, for schematic relation of reservoirs to each other, and for other reservoir data.

2Indicates outflow that can be regulated up to conditions of flow over spillway.

3Flood storage reserves are maintained in decreasing amounts until as late as July, depending on runoff
predictions. Flood storage is used whenever flow at Truckee River at Reno gage (10348000) exceeds 6,000 ft3/s.

4Priorities under flood conditions are ignored.

5To maintain Floriston rates (p. 32), water is drawn from the reservoir as possible in this order.

SBest available data based on records or reservoir operators and the Office of the Federal Water Master,
Reno, Nev. (1979).

7 If equivalent rates of flow can be stored in Prosser Creek Reservoir, releases from Lake Tahoe will be
70 ft3/s from April 1 to November 1 and 50 ft3/s for the rest of the year (p. 34). Prosser Creek Reservoir's
priority of release pertains only to water stored in this manner.

8When Floriston rates are exceeded as much water as possible is stored.

Swhen the elevation of Lake Tahoe drops below 6,225.5 feet, the release priorities of Lake Tahoe and Boca
Reservoir are exchanged. )

105torage occurred earliér; date indicates entrance into the integrated operation.

11Privately owned water is not used to maintain indicated rates (p. 37). Sierra Pacific Power Company and
Truckee-Carson Irrigation District acquired storage rights for Donner Lake water in 1943 from Donner Lake
Company. Sierra Pacific Power Company acquired storage rights for Independence Lake water in 1937.

12Truckee-Carson irrigation district acquired storage rights for Lahontan Reservoir in 1926 from the U.S.
Bureau of Reclamation. Storage of this priority is related to the flow rates that can be released from Lake
Tahoe, and may not exceed 70 ft3/s from April to November, and 50 ft3/s for the rest of the year (p. 34).

135torage up to 3,000 acre-feet.

14Storage up to 14,500 acre-feet.

151f contents is greater than 5,000 acre-feet, then 30 ft3/s is the minimum; otherwise, the outflow may
equal the inflow.

16Rate of release is determined by the Secretary of the Interior.

17Temporary restrictions until modifications to the dam are completed.

185torage rate is limited by the rate of flow diverted through the Truckee Canal.

19May be increased to 317,280 acre-feet with the use of flashboards on spillways.
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The Floriston rates specify the minimum flows for the Tuckee River at Farad,
California, according to the season and the stage of Lake Tahoe (Table 4)

Water-surface altitude

at Lake Tahoe Dam Floriston rates: Flow at Farad
3
(feet, NGVD of 1929) Gage (10346000) (ft3/s)
Oct. Nov.-Feb. Mar. Apr.-Sept.
Below 6,225.25 400 300 300 500
Between 6,225.25 and 6,226 400 350 350 500
Above 6,226 400 400 500 500

Although the river is usually controlled within the extremes noted above,
the system is not adequate to counteract serious drought or flooding.
Floriston rates could not be met for extended drought periods in the 1920's
and 1930's, and severe flooding in Reno-Sparks occurred during several years
in the 1950's and 1960's (pl. 3). Even with the addition of new control
structures after the 1930's, Floriston rates could not be achieved for several
periods, the most recent serious shortfall occurring in 1977 (fig. 7).
Flooding remains perhaps a somewhat lesser threat than during the 1950's and
1960's because of the addition of Martis Creek and Stampede Reservoirs in the
1970's. However, problems with leakage at Martis Creek Dam have forced

limitations on storage there, and the Dam had not been severly tested during
flood conditions as of 1980.

In addition to the specified flows, there are several minor constraints
on reservoir operation, two of which are noted in table 3. One is a minimum
outflow requirement for most reservoirs to maintain downstream fish habitat.
The other is an agreement for a minimum outflow from Lake Tahoe subject to the
storage of water in Prosser Creek Reservoir (Pyramid Lake Task Force, 1971,
p. 92-95). Releases from Lake Tahoe are limited to the least of (a) the
quantity that can be released from Lake Tahoe, (b) the quantity that can be
stored in Prosser Creek Reservoir, or (c) 50 ft3/s or 70 ft3/s (see footnote 7
in table 3). An additional constraint on the system, established by the Corps
of Engineers to protect the dams from possible flood effects, prevents early
filling of the reservoirs before the flood season has passed.
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DISCHARGE, IN CUBIC FEET PER SECOND

Wet year (1975 water yeer,
October 1974 through
September 1975)

1000

Dry year (1977 water yeer,
Qctober 1976 through
September 1977)

-—
-T_Rne when altitude of Lake Tahoe
\ is below 6226.25 feet

Rate when altitude of Lake Tehoe
is above 6226 feet

Rate when altitude of Lake Tehoe
is between 6225.25 and 6226 feet

Winter period

A
Y

Snowmelt runoff period

po
>

A

100 — irrigation period

50 1 ! s | 1 1 | | | ! |
ocT NOV DEC JAN FEB MAR APR MAY JUNE JUuLY AUG SEPT ocT NOV

The mean monthly flows at Truckee River at Farad (10346000) for a wet year and a dry year reflect the variability in the
system with respect to Floriston rates. (FIGURE 7)
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Annual Operations

Reservoir operations are keyed to three periods referred to herein as
winter, runoff, and irrigation (fig. 7). These periods overlap to some
extent, and during those times the flows are modified significantly to meet
the requirements of the succeeding period. To explain these changes, the
sequence of events in a wet period (1974-75) and a dry period (1976-77) were
chosen as examples. The flows at Truckee River at Farad during these years
are shown together with the Floriston rates in figure 7.

As the irrigation period ends in late September or early October with
colder weather and shorter days, flood control criteria go into effect. At
this time, the Water Master orders releases from reservoirs as necessary to
create and maintain the flood storage capacity indicated in table 3. During
this time, flows in the Truckee River may exceed Floriston Rates. The Water
Master maintains the flood storage capacity from November 1 until the runoff
period or until flooding is imminent. Instructions as to the timing of
filling reservoirs are provided by the U.S. Army Corps of Engineers in concert
with runoff predictions by the U.S. Soil Conservation Service. In September
1974, the Water Master ordered releases from Prosser Creek, Boca, and Stampede
Reservoirs. These releases caused Floriston rates to be exceeded during those
months by about 200 ft3/s. In 1976, by contrast, flows did not increase
because the reservoirs were already heavily drawn down.

During the winter season the Water Master attempts to maintain Floriston
rates with freedom to store or release water according to the priorities in
table 3, so long as flood storage space is maintained. How much water is
actually stored depends upon reservoir volume and available runoff. 1In 1975,
Prosser Creek, Stampede, and Boca Reservoirs were almost full within flood-
storage constraints during the entire winter period, and flows remained above
Floriston rates. In 1977, the 350 ft3/s maintained during the winter was a
combination of 300 ft3/s flow necessary to maintain Floriston rates and water
being bypassed for storage in Lahontan Reservoir. Maintenance of the higher

flow did not allow the Water Master to store a significant amount of water
upstream.

As the weather becomes warmer and heavy snowmelt begins in April and May,
the Water Master orders water storage in the reservoirs according to the
priorities in table 3. The rate at which flood-storage constraints are
relaxed is dependent upon runoff predictions of the Soil Conservation Service.
Because of this, the Water Master's ability to hold flow to Floriston rates is
less in a wet year than in a dry year. In 1975, limitations on storing water
because of runoff predictions prevented the Water Master from limiting flows
to Floriston rates during the entire runoff period (fig. 7). In 1977,

insufficient runoff and stored water prevented the rates from being met after
April 1.
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Irrigation begins during the runoff period and reaches a high level of
water use by the time that the Water Master must start using stored water to
meet Floriston rates. To meet the rates, the Water Master releases stored
water according to the priorities in table 3. In 1975, only releases from
Lake Tahoe were necessary and flow remained at or above the rates. 1In 1977,
the use of Lake Tahoe, Prosser Creek Reservoir, and Boca Reservoir from June
to September enabled the Water Master to maintain only about 400 ft3/s, and by
the end of September all of the reservoirs were empty. Only the releases of
privately owned water from Donner and Independence Lakes in August and
September maintained enough flow to provide municipal water for the
Reno-Sparks area.

Traveltime for Truckee River Flows

Traveltime of flows is a basic hydrologic consideration in water
management and in understanding the transport of many water-quality
constituents. Traveltime is the time it takes for constituents placed in the
river to move downstream from one point to another. Therefore, traveltime is
important in estimating, for example, how long it will take for sewage dis-
charge or a spilled contaminant to move from its point of origin to a critical
place downstream.

Constituents in water disperse as they move downstream, some lagging
along banks and in pools while others near the surface in the center of flow
move more rapidly. Thus, the constituents may be spread out over a consider-
able reach of river by the time they have moved significantly downstream.
During low flows, constituents tend to spread out over great distances and
remain in a given reach of the river for long periods. During high flows,
constituents tend to spread out more slowly and pass through a given reach of
the river more quickly.

Measurement of traveltime thus includes measurement of dispersion and
dilution as well as velocity of flow. Information on traveltimes would be
useful, for example, in timing the discharge from a sewage treatment plant to
coincide with high flows released from a reservoir upstream, or to avoid
conflict with planned diversions downstream. Consideration of traveltime is
fundamental to modeling the flow and water-quality characteristics of a river,
and to managing the river to meet desired goals for water quality and quantity
at specific points along the river.
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Traveltime, dilution, and dispersion are measured using a fluorescent dye
that is injected into the river and traced by sampling and monitoring at
gseveral downstream sites (Hubbard and others, 1981). The dye mixes completely
with the flow and moves in the same manner as the flow. Thus, it is
characteristic of other soluble materials that might enter the river. At each
downstream site, the measurements of the traces yield the time of arrival of
the dye-water solution (leading edge), the time of arrival of the center of
mass of the solution (centroid), and the time at which the solution was no
longer detectable (trailing edge).

The following discussion summarizes the results of traveltime studies
done in 1979 and 1980 on the Truckee River for four reaches and a wide range
of flows. The reaches were: Truckee, Calif., to Vista, Nev.; Vista to Derby
Dam; Derby Dam to Marble Bluff Dam; and Derby Dam to Lahontan Reservoir via
the Truckee Canal (pl. 2C). The flows ranged from about 35 ft3/s during the
summer low-flow period to about 3,700 ft3/s during the spring snowmelt runoff
period. Sampling sites along the reaches are indicated by number and
abbreviated name in figures 8-12. Detailed information on each site is
contained in Supplemental Data B.

Figure 8 shows the summary results for dye injections at low, medium, and
high flows for the four reaches. The graphs illustrate that traveltimes are
shorter in steeper parts of the river than in the downstream parts where
slopes are flatter. Also, traveltimes are shorter during higher flows than
during lower flows in all parts of the river. The extent of dye dispersion
can be seen in the difference in time of arrival of the leading and trailing
edges at a given site. For example, for a flow of 380 ft3/s on October 15,
1980, for the reach from Truckee, Calif., to Vista, Nev., the dye injected at
Truckee took about 46 hours to reach Vista. The centroid of the dye
concentration arrived about 7 hours later, and the trailing edge passed about
22 hours after the leading edge arrived. Therefore, the centroid moved at
about 1 mi/h, and the dye occupied about 22 miles of the river as the centroid
was passing Vista.

Figures 9-12 suggest traveltimes of flow centroids over a range of flows
between those observed during field measurements. These graphs can be useful
in estimating traveltimes between sites in a reach when flow at the index gage
is known. 1In the example shown in figure 9, the traveltime between the
Highway 40 bridge near Martis Creek (10339498) and Boca bridge (10344505) is
about 2.5 hours when the flow at Truckee is 400 ft3/s. If one were tracing
the spill of a contaminant, conservative estimates of the extent of dispersiomn
of the contaminant could be made using figure 8. Because the traveltimes and
extent of dispersion depend upon flow characteristics along the entire reach
in question, care must be used in applying the curves of figures 9-12. For
example, diversions during low-flow periods or changes in channel geometry
might significantly alter the quantity of flow in a given reach, and
traveltime estimates might not be valid for that reach. The complete results
of the traveltime measurements including basic data are reported by LaCamera
and others (U.S. Geological Survey, writtem commun., 1980). Detailed
explanations of the characteristics of traveltime, dilution, and dispersion
are given by Hubbard and others (1981).
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TRAVELTIME, IN HOURS FROM HIGHWAY 267 BRIDGE AT TRUCKEE

T T L LI T T 7T T T T T T T 1 T T J
r O 27.8 1t3/s Oct 14—16,1980 '
I A 294 #3/s May 31—June 1, 1979 i
i @ 672 f3/s May 21—22,1980
10344505 Site number T
i EXAMPLE i
Traveltime=2.5 hours from Highway
| 40 bridge to Boca Bridge when A
Boca Bridge Q) flow at index station =400 ft?'ls
| Highway 40 ]
10 R Bridge near () _
i Martis Creek j
10344505
i 2.5 hours l
10339498
L 4
1 1 1 1 i 1 1 L 1 ‘ i i 1 1 A L1 1
10 100 1000

INDEX DISCHARGE, IN CUBIC FEET PER SECOND

Traveltime for the Truckee River between the Highway 267 Bridge at Truckee and the Boca Bridgs

may be estimated from these curves using discharge at the index station Truckee River near
Truckee (10338000). (F/IGURE 9)
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TRAVELTIME, IN HOURS FROM BOCA BRIDGE

10

L © 380 /s Oct 14—16,1980
A 694 ft°/s May 31—June 1,1979
G 2405 £:3/s May 21—22,1980

I~ 10350000 Site number
Vista gage

Sparks gage @\

L Mulberry Bridge G

10350000
10348200

Farad gage () 10347690

=] 10346000
EXAMPLE

Traveltime=8.1 hours from Farad gage

L to Mayberry Bridge whan flow at

index station=1000ft>/s

1 - i i 1 i lJJ i 1 1 1 1

100 1000

INDEX DISCHARGE, IN CUBIC FEET PER SECOND

Traveltime for the Truckee River between the Boca Bridge and the Vista gage may be estimated from these

curves using discharge at the index station Truckee River at Farad (10348000). (F/IGURE 10)
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TRAVELTIME, IN HOURS FROM RENO-SPARKS SEWAGE TREATMENT PLANT OUTFALL

-

® 260 #t%/s Sept 4—5,1979 .

A 800 #3/s May 29-30,1979

B 2900 /s Jan 18,1980
10351000 Site number T

Derby Dam

EXAMPLE

Traveltime=4.5 hours from Lockwood Bridge
to Tracy Bridge when flow at index
station=1300 ft3/s

Tracy Bridge ~

N

Patrick Bridge ()

8

1000
INDEX DISCHARGE, IN CUBIC FEET PER SECOND

Traveltime for the Truckee River between the Vista gage and D erby Dam may be estimated from these curves

using discharge at the index station Truckee River at Vista (10350000). (FIGURE 11)
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Water-Quality Characteristics

Historical Data

Water-quality data have been collected in the Truckee and Carson River
basins by several agencies and organizations whose activities are summarized
in Supplemental Data A and B. Long-term monitoring efforts have been
conducted principally by three agencies: The Nevada Division of Environmental
Protection (NDEP), the Desert Research Institute of the University of Nevada,
Reno (DRI), and the U.S. Geological Survey (USGS). The following discussion
of water-quality characteristics uses historical data from each of these
agencies to provide an overview of water quality in the two basins.

Characteristics of Interest and Period of Record

Stream temperature, dissolved solids, and nitrate~nitrogen (N) are used
to illustrate the basic water-quality characteristics of the two basinms.
Knowledge of the water-temperature regimen of a river is of fundamental
concern to preservation and maintenance of beneficial aquatic habitat,
particularly with respect to sport fisheries. Sections of both the Truckee
and Carson Rivers are managed by State agencies of California and Nevada to
provide cold-water sport fisheries. 1In addition, on the Truckee River the
U.S. Fish and Wildlife Service has mandates to reestablish endangered and
threatened fish species, and the Pyramid Lake Indian Tribe is concerned with
fishery management for Pyramid Lake as well as for the downstream part of the
river within the Reservation. Concentrations of dissolved solids provide an
indication of the total mineral content of waters and are of interest to those
managing industrial and municipal water supplies as well as agencies managing
in-stream beneficial uses such as fisheries. Concentrations of nutrients such
as nitrogen and phosphorus are of concern to water managers because of their
potential for eutrophication or excessive enrichment of the aquatic habitat.
In addition, nitrogen concentrations are of concern with respect to potential
toxicity of ammonia, nitrite, and nitrate to fish and their eggs. Limited
historical data on ammonia and nitrite have led to nitrate being chosen as an
index of nitrogen distribution in the two basins.

Water years 1970 to 1979 were chosen to provide a consistent 10-year
period of record for describing water-quality characteristics in this report.
Mean annual streamflows for this period are fairly representative of the
long-term mean streamflows. The period contained both a wet or high-flow year
(1975) and a dry or low-flow year (1977). Thus, flow-related water-quality
extremes encountered in this 10-year record are likely to be representative of
the effects of streamflow on water quality in similar periods of historical
record prior to 1970.
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Stream Temperatures

Periodic stream temperature data derived from monthly water-quality
sampling by DRI, NDEP, and USGS as well as monthly temperature measurements at
USGS gaging stations are summarized in table 5 for the 1970-79 period. These
data are based on instantaneous measurements made randomly during the daylight
hours. During warmer months, particularly where affected by warm irrigation
return flows, stream temperatures undergo a diel fluctuation such that
instantaneous measurements in the daytime are often biased toward values
higher than the daily mean temperatures.

Seasonal variations in stream temperatures have been demonstrated to show
a persistent seasonal pattern from year to year. This pattern is cyclic and
has been shown by Collings (1969) to approximate a sine function with one-year
period of the form:

T(t)=M + A [sin (b(t+c))]

where
T(t) = stream temperature on day t (from October 1),
M = mean harmonic temperature, in degrees Celsius,
A = amplitude of the harmonic function, in degrees Celsius,
b = 360/365=0.986 degrees per day, and
c = phase lag of the annual cycle, in days.

A least-squares regression procedure to fit this function (Steele, 1974)
was applied to periodic temperature data available for the period 1970-79, and
its results are included in tables 5 and 6. This method of analysis is useful
in that it provides a model that can be used to predict mean daily stream
temperatures for any given day of the year. The accuracy of the harmonic
estimates may be evaluated by the. RSQD and standard error information in
table 6. The RSQD statistic is the square of the correlation coefficient,
expressed as a percentage, and indicates the percentage of temperature
variability explained by the harmonic function. The standard error indicates
the accuracy of temperature prediction; about 67 percent of the temperatures
will fall within plus or minus one standard error of the predicted curve, and
95 percent will fall within two standard errors. Note in tables 5 and 6 that
the predicted mean annual temperature is usually in excellent agreement with
the mean for 10 years of spot field measurements. Analyses of the frequency
distribution of instantaneous temperature measurements indicates that the
maximum annual temperature predicted by the harmonic analysis represents a
value likely to be exceeded only from 15 to 20 percent of the time.

Seasonal trends in stream temperatures are illustrated by the harmonic
curves for selected sites in the Truckee and Carson basins (fig. 13). These
curves generally show increases in both peak temperatures and in the total
range of temperatures in a downstream direction in both river basins.
Exceptions are in the cooling of the Truckee River between Lake Tahoe and
Vista and in the Carson River immediately below Lahontan Reservoir. Water
temperatures in both basins tend to peak in early to mid-August in the upper
reaches and in July in lower reaches.
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WATER TEMPERATURE, IN DEGREES CELSIUS

WATER TEMPERATURE, IN DEGREES CELSIUS
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Harmonic analysis of data for 1970—79 water years shows that water tamperatures peak in July and August

in the Truckee and Carson Rivers (see tables 5 and 6 for data). (FIGURE 13)
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Profiles of water-temperature characteristics (fig. 14) show that
temperatures in the Truckee River decrease as releases from Lake Tahoe travel
through the mountain canyons of the Upper Truckee River subunit. The mainstem
of the river is slightly cooled by inflows from Prosser Creek and the Little
Truckee River and warmed by inflows from Donner and Martis Creeks. The
temperature of the river begins to rise in the middle Truckee River subunit
below Verdi because of agricultural returns and the effects of the Reno-Sparks
urban area. The mean temperature increases by 1.4°C in the 15-mile reach from
below Verdi to Boynton Lane. Inputs from North Truckee Drain, Steamboat
Creek, and the Reno-Sparks sewage effluent create a rise in the mean
temperature of about 1° between Boynton Lane and Vista. Irrigation returns,
effluents from gravel pits, and discharge of cooling water from the Tracy
powerplant contribute to another rise of slightly more than a degree in about
18 miles from Vista to Derby Dam. The mean temperature rises slightly from
the effects of reduced flows and irrigation returns between Derby Dam and
Wadsworth. Measurements at the gaging station in the canyon near Nixon
indicate a drop of about 0.5°C compared to Wadsworth, probably as a result of
ground-water inflow and shading in the deeply incised canyon. An increase in
the mean temperature of over 1.5°C occurs because of low flows, irrigation
returns, and lack of shading in the approximately 5 miles between the mouth of
the canyon below the Nixon gage and the town of Nixon.

The temperature profiles for the Carson River (fig. 15) show that mean
annual temperatures and maximums increase as water in the East and West Forks
leaves the tributary canyons and enters the irrigated lands of the Carson
Valley. Maximum temperatures occur in the reach from Genoa to the Carson City
gage, followed by some cooling in the canyon between the Carson City and New
Empire gages. Temperatures increase again in the reach from New Empire to
Fort Churchill where flows are greatly diminished by repeated diversions along
the river course. The dampening effect on temperatures by releases from
Lahontan Reservoir can be seen in the statistics and curve for temperatures at
the gage 1.1 miles below the dam. The mean annual temperature is lowered by
0.4°C, the harmonic maximum by 2.3° and the observed maximum temperature for
the 10 years by 5.5° as compared to temperatures at the Fort Churchill gage
upstream from the reservoir. This effect on temperature eXxtremes is
particularly noticeable in the seasonal harmonic curves in figure 16. Stream
temperatures rise again in the river below the intensive irrigation in the
Fallon area in response to greatly diminished flows and returns of warm
irrigation water. )

Current (1981) Nevada water-quality standards for maximum temperatures
during May to October are shown on the temperature profiles. These standards
are well above the likely seasonal maximum temperatures as reflected by the
harmonic analyses for the Truckee and Carson Rivers. However, for the 1970-79
period, maximum observed temperatures were higher than the standard maximums
at Lockwood and Wadsworth on the Truckee River and at many sites on the Carson
River.
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Correlations between water-temperature characteristics and selected basin
characteristics show regional trends in the relations between these
characteristics and altitudes for the Carson (fig. 16) and Truckee (fig. 17)
Rivers. A comparison of these relations illustrates how differing hydrologic
regimens and land-use patterns influence water temperatures in the two basins.
In the Carson River basin for example, for sites above 4,800 feet in altitude
on the unregulated tributary reaches in the East and West Fork subunits,
temperature characteristics show an inverse correlation with site altitude
(fig. 16A, B, and D). Sites below 4,800 feet (Carson Valley and downstream
subunits) are affected by decreased flows because of agricultural diversions
and are influenced by irrigation returns and sewage effluent. The harmonic
mean and amplitude for sites in these lower reaches show a different
relationship for these sites than for sites in the unregulated tributaries,
and the maximum observed temperatures are very poorly related to altitude.
The harmonic phase lag, a measure of the date of occurrence of seasonal
maximums and minimums, shows a good correlation with altitude for all sites on
the Carson River (fig. 16C).

In the Truckee River basin, the mean annual temperature (fig. 17A)
correlates well with altitude for sites in the Upper Truckee River subunit
(altitudes above 5,100 feet) and for sites from Idlewild to below Derby Dam
and for the Truckee Canal (altitudes from 4,200 to 4,500 feet). For the upper
reach, the mean annual temperature decreases with decreasing altitude as the
annual heat load in water from Lake Tahoe is dissipated with river flows down
through the canyon of the Upper Truckee River. By the time the water reaches
the Idlewild site, the annual heat budget begins being influenced by net gains
from solar radiation, atmospheric heating, and the effects of urban and
agricultural returns, so that the mean annual temperature increases with
decreasing altitude for river sites down to Derby Dam and through the Truckee
Canal. The mean annual temperatures for river sites below Derby Dam are
significantly lower than predicted by the temperature-altitude correlation for
the preceding reach because of reduced flows, changes in channel character-
istics, and at low flows the effect of ground-water inflow. Figure 17B and D
show that both harmonic amplitudes and maximum observed temperatures increase
with decreasing altitude, and the relations have different slopes in the Upper
and Lower Truckee Rivers. In the Upper Truckee River subunit, the relation-
ship is poor (r=0.21) and the regression line provides only a slight improve-
ment in predictions of maximum temperatures over the mean (mean error of 1.1°
versus standard deviation of the mean of 1.0°). As in the Carson basin, the
harmonic phase lag correlates well with altitude for all sites along the
Truckee River (fig. 17C).
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Relations between stream-temperature characteristics and altitude in the Carson River basin can be used to estimate

the temperature regimen for ungaged sites. (F/IGURE 16)
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Relations between stream-temperature characteristics and aititude in the Truckee River basin can be used to estimate the
temperature regimen for ungaged sites. (F/IGURE 17)
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For applicable reaches, the relations in figures 16 and 17 may be used to
obtain estimates of water temperature at sites without historical data. For
example, the equations in figure 17 yield the following estimates for a site
on the Truckee River with an altitude of 4,400 feet.

Mean annual temperature (M) (fig. 17A) equals 10.1 degrees, with a

standard error of 0.4 degree.

Harmonic amplitude (A) (fig. 17B) equals 7.6 degrees, with a standard

error of 0.2 degree.

Seasonal maximum temperature (A + M) equals 17.7 degree.

Maximum observed temperature (1970-79) (fig. 17D) equals 21.6 degrees,

with a standard error of 0.7 degree.

Harmonic phase angle (fig. 17C) equals 157 days.

The harmonic coefficient can be used in the harmonic equation (p. 45) to
obtain estimates of seasonal temperatures for the unmeasured site.

Dissolved Solids

The water-quality regimens of the Truckee and Carson Rivers with respect
to dissolved solids are illustrated by the profiles in figures 18 and 19.
Data were obtained from the USGS, NDEP and DRI for sites in operation for
water years 1970 through 1979. Dissolved-solids data shown for DRI stations
are estimates based on regression analyses of dissolved solids determined by
evaporation versus dissolved solids expressed as sum of major ionic
constituents.

Concentrations of dissolved solids increase in a downstream direction in
the Truckee River (fig. 18) in response to loads of solutes received from
ground water and tributary inflows and from agricultural and urban nonpoint
sources.

The profile for mean concentrations shows little change in dissolved
solids in the Upper Truckee River subunit between the outlet of Lake Tahoe and
Farad. 1In this same reach minimum concentrations decrease slightly due to the
diluted water from Lake Tahoe by tributaries during snowmelt periods. The
profile for maximum concentrations observed in the 1970-79 period reflects
conditions during the drought period of 1977-78 when flows in the reach from
Lake Tahoe to Truckee were composed largely of ground-water accretions.
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From Farad to the confluence of North Truckee Drain and Steamboat Creek,
mean concentrations of dissolved solids increase from 66 to 82 mg/L. Input
loads in this reach are derived from suburban and agricultural development in
the vicinity of Verdi and urban runoff in the Reno-Sparks area. North Truckee
Drain and Steamboat Creek contribute significant loads of dissolved solids to
the river, with a resulting increase in the mean concentration to 133 mg/L
below Steamboat Creek. Agricultural returns and urban runoff contribute to
the dissolved solids loads of both tributaries. In addition, Steamboat Creek
receives the highly mineralized waters of Steamboat Hot Springs and the
effluents of the Reno-Sparks sewage treatment plant. Below Steamboat Creek,
mean dissolved solids increase from 133 mg/L to 155 mg/L at Wadsworth in
response to agricultural returns and diminished streamflow from diversioms at
Derby Dam. The greatest increase in mean dissolved solids in the Truckee
River system is in the Lower Truckee River subunit, from 155 mg/L at Wadsworth
to 226 mg/L at Nixon as a result of accretions of ground waters.

As shown in figure 18, dissolved solids in the Truckee River generally
met applicable California and Nevada water-quality standards. Exceptions were
the maximum observed concentrations for the 1970-79 period that exceeded
Nevada single-value standards at all points during the 1977-78 drought period.

In the Carson River Basin (fig. 19) mean concentrations of dissolved
solids increased from about 100 mg/L or less in the East and West Fork
subunits to about 250 mg/L below Carson City in the Eagle-Dayton Valley
subunit in response to irrigation returns and sewage effluents. Irrigation
returns and ground-water inflows result in a further increase in mean
concentrations to 280 mg/L at Fort Churchill, 30.8 miles above Lahontan Dam.

Maximum concentrations of dissolved solids followed a similar trend, but
with more variability. Maximums occurred during various low-flow periods
during the 1970-79 span.

Mean concentrations of dissolved solids for 1970-79 were less than
applicable Nevada Water quality standards for annual averages except at Fort
Churchill (280 v. 250 mg/L). Maximum concentrations exceeded single-value
standards at West Brockliss Slough (West Fork, river mile 87.4), below Carson
City and at Fort Churchill.
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Nitrate-Nitrogen (N)

Changes in nitrate-nitrogen concentrations (expressed as N) through the
Truckee River (fig. 20) reflect the effects of sewage effluents, urbanization,
and irrigation returns on the nitrogen budget of the river. Prior to 1978,
five individual sewage treatment facilities existed in the Upper Truckee River
subunit between Lake Tahoe and Martis Creek, with subsurface disposal in the
Bear and Squaw Creek basins, along the east side of the Truckee River in the
vicinity of Squaw Creek, and at Truckee. Since 1978, a regional tertiary
sewage-treatment facility has been operated by the Truckee-Tahoe Sanitation
Agency (TTSA), with subsurface discharge near the mouth of Martis Creek. The
profiles for nitrate concentrations above river mile 90 in figure 20 are
strongly influenced by the pre-1978 disposal practices, resulting in an
increase of mean nitrate concentrations from 0.01 mg/L at the outlet of Lake
Tahoe to 0.45 mg/L at the confluence of Squaw Creek. Biological assimilation
and dilution from tributary inflows reduced the average concentrations to
0.07 mg/L at Farad, above the California-Nevada State line. Contributions of
nitrate from agricultural returns and sewage effluents to North Truckee Drain
and Steamboat Creek raised the mean concentration in the river by a factor of
4 from 0.07 mg/L above North Truckee Drain to 0.30 mg/L below Steamboat Creek.
The effects of nitrification (conversion of ammonia to nitrate) of effluent
from the Reno-Sparks sewage-treatment plant on Steamboat Creek resulted in a
doubling of the mean nitrate concentration (from 0.30 to 0.66 mg/L) in the
reach from Steamboat Creek to Derby Dam. Below Derby Dam, biological
assimilation in the river and uptake by agricultural diversions resulted in a
reduction of mean nitrate concentrations to 0.30 mg/L at Nixon.

Maximum nitrate concentrations for the 1970-79 period followed the same
general trends as the mean concentrations. At most sites, the maximum
concentrations occurred during the 1977-78 drought period, and a maximum
concentration for the Truckee River of 8.6 mg/L occurred above Squaw Creek
during a period when no water was being released from Lake Tahoe.

California water-quality objectives shown in figure 20 for nitrate are
based on the post-1978 operation of the regional TTSA tertiary treatment plant
at Martis Creek. Mean concentrations of nitrate for the historical period
1973-79 exceeded the 1980 objectives at all points above Martis Creek. Nevada
has two sets of standards that may be applied to nitrate concentrations in the
Truckee River; an upper limit of 2.0 mg/L nitrate-nitrogen for the entire
Nevada reach of river that is based on fish toxicity considerations, and
single-value and annual-average limits for total nitrogen that are specific to
individual subreaches. During extreme low~flow periods, maximum observed
nitrate concentrations exceeded the single-value standards for total nitrogen
at all sites above Nixon and exceeded the toxicity standard for nitrate-
nitrogen in the reach from Steamboat Creek to Derby Dam. Average nitrate
concentrations for the 1970-79 period were below applicable Nevada standards
for total nitrogen in all reaches of the river.
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Nitrate concentrations in the Carson River (fig. 21) also increase from
the headwaters downstream to Lahontan Reservoir in response to the effects of
sewage effluents and agricultural irrigation return flow. Concentrations in
the East and West Fork subunits averaged less than 0.1 mg/L for the 1970-79
period. Mean nitrate concentrations increased through Carson Valley to
0.17 mg/L below the confluence of the East and West Forks. Additional
agricultural returns and sewage effluents from Carson City raised the average
concentration to 0.23 mg/L at New Empire below Carson City. From this point
to the 1last long-term monitoring site below Fort Churchill, average
concentrations remained at about 0.2 mg/L.

Maximum nitrate concentrations observed during the 1970-79 period ranged
from 0.25 mg/L on the West Fork to 1.1 mg/L below the confluence of the East
and West Forks. Maximum concentrations of nitrate generally were observed
during low-flow periods; however, unlike the Truckee River, maximums in the
Carson River did not consistently occur during the 1977-78 drought.

Mean nitrate concentrations at all sites for the 1970-79 period were less
than applicable Nevada water-quality standards. Maximum single-value
concentrations exceeded standards during 1970-79 at two sites: below the
confluence of the East and West Forks in Carson Valley, and below Fort
Churchill.

INFORMATION USED IN HYDROLOGIC STUDIES

Basic information on which hydrologic studies are based constitutes a
wide variety of maps, photographs, surveys, data, and reports. The following
sections describe such information and its sources for the Truckee and Carson
River basins, and offer insights as to how the information is applied. The
sections refer to extensive computerized tabulations of data for ready access
by local users and refer the reader to methods for access to new data and data
that cannot be conveniently reported herein.
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Computerized Data Files

Most of the data on physical and chemical characteristics of water for
the rivers are contained in a computerized data bank called WATSTORE (The
National Water Data Storage and Retreival system) that is administered by the
U.S. Geological Survey. These data are accessible to local users primarily
through the assistance of the District Office, Water Resources Division,
Carson City, Nev. In addition to the data, application programs are available
in WATSTORE for printing data in a specified format or performing a variety of
statistical analyses on the data. Also, other programs exist to provide
interface of the water data with program libraries such as STATPAC (U.S.
Geological Survey) and the Statistical Analysis System (SAS)! (Helwig and
Council, 1979). Examples of streamflow data extracted and reduced using
WATSTORE programs are shown on plate 3.

Special Files for the Study Area

To determine the availability and pertinence of existing hydrologic data
as related to the study goals (p. 2), the authors systematically compiled
four major data files:

(1) Basic Hydrographic Data for the Truckee and Carson
River Basins,
(2) Hydrologic Data Sites and Operating Agencies,
(3) Topographic and Orthophotographic Map Coverage, and
(4) Bibliography of published and unpublished reports and papers.

The contents of the first two files are contained in Supplemental Data A
and B. Access to topographic and orthophotographic maps is explained on
page 65. The bibliography is contained on magnetic disk; it has not been
published in other formats.

The Basic Hydrographic Data and Hydrologic Data Sites files contain the
names of sites along the rivers and their principal tributaries, site numbers
for gaging and sampling sites and the names of agencies who operate them,
drainage areas, river mileage, and river channel altitudes. The files contain
about 2,500 entries, and are fairly exhaustive as to other riverine features
such as points of confluence of tributary streams, points of diversion and
return flows, dams, bridges, powerline crossings, sewage discharge points, and
river-touring data.

1The use of trade names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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Maps and Orthophotographs

The essential foundations for the hydrologic studies reported here are
topographic maps and orthophotographs. All hydrologic and hydrographic
information must be keyed accurately to places that a data user can readily
find on a map or in the field. Many basic hydrographic measurements, such as
drainage basin areas and distance between points along rivers, are dependent
for their accuracy on the quality of maps.

During the period 1974-80, virtually the entire study area was
rephotographed and remapped by the Geological Survey in detail far superior to
that available before. The use of new materials has resulted in the discovery
of significant errors in certain hydrographic information, and more accurate
refinement of other data.

The basic maps for the study area are topographic maps at a scale of
1:24,000, covering 7% minutes of latitude and longitude, or an area ranging
from about 57 to 59 mi2 in the general area. Because longitude lines
converge, the precise map area is a function of latitude. The foundation for
the maps is high-quality, black-and-white aerial photographs and field
surveys. Users should be aware that the photographs are available for
purchase at a nominal cost from the Geological Survey, and are highly useful
for many regional and local studies. The aspects of the photographs and how
to obtain them are discussed in the following section on aerial imagery.

The photographs taken in 1974 and 1976 over most of the study area are
being used to produce a new kind of map called an orthophotograph. This map
is produced in the same basic format as the 7%-minute quadrangle, and looks
like a large black-and-white aerial photograph with place names and other
topographic information superimposed. The art of such mapping is advancing to
the state where the orthophotographs eventually will be produced in color and
contain the basic overprinted information, such as contour lines, now seen on
the standard 7%-minute topographic map. However, as of January 1981, no color
orthophotographs existed for the study area. The advance editions of
orthophotographs contain no overprinted information, but are highly useful in
locating specific features and making precise measurements. Orthophotographs
for about 90 percent of the study area are available for purchase from the
Geological Survey. These are available on expensive, scale-stable,
translucent film for precision uses or on relatively inexpensive paper for
reconnaissance and other work where precise measurements are not required.
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Figure 22 shows the status of Geological Survey mapping for the study
area as of January 1981. The status after that date is available as described
below. Basically, the study area is included within 181 quadrangles, each
covering 7% minutes of latitude and longitude. Color topographic maps at a
scale of 1:24,000 exist for 78 of these areas. Blackline topographic maps at
the same scale exist for an additional 23 areas. Orthophotographic advance
images at the same scale exist for 155 of the 181 areas, many overlapping the

color and blackline topographic coverage. There are 10 orthophotographs
having some overprinted topographic information for the Reno-Carson City-
Carson Valley vicinity. There are also 47 quadrangles, each covering 15

minutes of latitude and longitude at a scale of 1:62,500, but most of these
were produced prior to 1960 and much of the information that they contain is
outdated. A new series of maps at a scale of 1:100,000 is being prepared, and
advance blackline or published color coverage is now available for the entire
study area.

The status of mapping can be ascertained through the Geological Survey
State Office, Carson City, Nev. Maps and orthophotographs can be ordered from
distribution centers in Menlo Park, Calif., or Denver, Colo., according to the
quantities of products desired by the user.

Aerial Photography and Imagery

In the preceding section, the use of aerial photographs was accorded its
significant function in the production of maps was described. In addition,
aerial photographs provide invaluable information in many other hydrographic
applications, ranging from monitoring of change in water uses to the simple
illustration of an immediate problem. Because aerial photographs are obtained
not only for hydrologic purposes but also for many applications in other
fields, the scope of the information presently available is almost over-
whelming. Thus, the supposedly straightforward process of determining the
availability of aerial photographs for a given area can become a major
research project when actually attempted. For example, a request for an
inventory of photographs of the study area vicinity taken by the National
Aeronautics and Space Administration (NASA) between 1969 and 1979 yielded a
computer printout indicating 2,127 photographs. Because the request was
issued for photographs of only a specific quality, the printout therefore
indicated perhaps only half of the total photographs available. The NASA
products are color and color-infrared transparencies produced by using film
widths of 2.2 inches or, more commonly, 9.0 inches. The transparencies are
generally of exceptional quality and resolution, and may be obtained by the
general public in any of a variety of formats as described below.
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In additon to NASA photographs, there exists a body of aerial mapping
photography by the Geological Survey. This is used for the production and
revision of topographic maps and orthophotographs, and is generally available
as black-and-white images in a variety of formats. The basic format is 9 by 9
inches, and shows areas of from 3 to 9 miles on a side depending upon scale.
Again, the photographs are of excellent quality and resolution, and are avail-
able for selected parts of the study area for intermittent periods beginning
in 1938.

To complement the aerial photography, there is also an abundant store of
satellite imagery which has been produced from the Landsat series of
satellites that began scanning the Earth's surface in 1972. The satellites
receive visible and near-visible electromagnetic radiation from features on
the 1land below, and transmit this information to ground stations for
processing. The radiometric information can be composited and enhanced by
computer methods to produce images that look like high~resolution photographs
of large areas of the Earth. Each image covers an area about 115 miles on a
side, and shows the broad overview with exceptional clarity, such as that for
the Fallon area (fig. 23). Because the coverage of a given area is repetitive
(every 9 or 18 days), the imagery is an excellent tool for monitoring such
changes as the extent of the snowpack on the Sierra Nevada, the extent of
acreage of irrigated agriculture in the vicinity of Fallon, or the size of
water bodies throughout the study area. The entire study area and much of its
surrounds are covered by four basic scenes, and several hundred images of each
scene exist for the period 1972-81. A given scene for a particular date may
be ordered in many forms including color transparencies, color paper prints,
and black-and-white paper prints.

Information on the availability of any of the aforementioned photography
and imagery, its cost, and how to order it is available through the following
principal source:

User Services Unit

EROS Data Center

Sioux Falls, South Dakota 57198
Phone: (605) 594~-6151

FTS: 784-7511

Examples of photographs and images for the Truckee and Carson River
basins are available at the Geological Survey State Office, Carson City, Nev.
This office will also provide requestors with local sources of aerial photo-
graphy such as commercial firms and agencies of the State of Nevada that also
maintain extensive photo files.
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River and Basin Morphology

The physical characteristics of the rivers and their basins important to
the further interpretive work for the Truckee-Carson study are explained in
the following sections. The major characteristics include drainage areas,
river mileage, altitudes of the river beds, locations of gaging and sampling
sites, and locations of dams and diversion structures.

Computation of Drainage Areas

The drainage areas of the 13 major subunits of the river basins (fig. 4,
pl. 1A) and numerous smaller subdivisions were systematically determined in
1979, wusing 148 of the most current color and black-and-white advance topo-
graphic maps at scales of 1:62,500 and 1:24,000. Drainage boundaries were
drawn on the appropriate maps, and areas thus delimited were determined by
planimetry. The sum of planimetered areas was then compared to the computed
area of the particular map. In this manner, the delimited areas were deter-
mined to be accurate within 1 percent with respect to the standard accuracy of
the maps. The maps and associated computations are kept at the U.S.
Geological Survey District Office, Sacramento, Calif. They should be used as
the basis for further subdivision of drainage areas and for updating infor-
mation as new topographic maps are produced. The package of maps and
associated computations represents the first systematic attempt to measure
drainage areas for the two river basins as a single hydrologic unit. As such,
this work improves upon previous work done on maps of lesser quality, and
major errors noted in earlier drainage area work were corrected.
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Determination of River Mileage and Profiles

Although orthophotographic maps for the study area (p. 65) do not show
altitude information, the maps are extremely useful for a variety of
planimetric measurements. The 1974 and 1976 orthophotographic maps cover
nearly all the Truckee and Carson River channels, and provide an up-to-date
and consistent overview of the rivers. Distances along the rivers were easily
measured on scale-stable versions of the maps by using electronic digitizers.
Sites and altitudes were then located from associated topographic maps, photo-
interpretation, and direct field work to produce the data needed to draw a
river profile. Profiles for both rivers and selected associated information
are shown and explained on plate 1. The data in Supplemental Data A may also
be used to construct profiles at other scales or to show other types of infor-
mation. As new altitude data become available for the river channels, the
profiles may be refined accordingly.

The values shown in the data files and on the plates reflect only the
river conditions shown on the orthophotographs from which they were measured
and the accuracy of available altitude data. The length of the rivers may
change with time and because of wvarious construction activities such as
channel realinement. River reaches particularly susceptible to natural change
include the Carson River in the Carson Valley and just upstream from Lahontan
Reservoir and the Truckee River between Wadsworth and Dead Ox Wash (pl. 1A).
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SUMMARY

The Truckee and Carson River basins, because of their interconnecting
diversion structures, are considered a single hydrologic unit. This unit
encompasses 7,257 mi2 and extends from the crest of the Sierra Nevada in
California to the basins of Pyramid Lake and Carson Sink in Nevada. Within
the unit lie urban areas of Reno-Sparks, Carson City, and those surrounding
Lake Tahoe; agricultural areas in the Carson Valley and surrounding Reno-
Sparks, Fernley, and Fallon; and the Pyramid Lake Indian Reservation along the
Lower Truckee River. The modern hydrologic system has evolved in attempts to
accommodate the disparate demands in these areas for water of specified
quantity and quality. However, all demands cannot be met given the severe
stresses on a limited water supply during years of less than average flow.
Thus, the directions of change in the hydrologic system remain uncertain
pending the outcomes of litigation and other decisions as to what the quality
and quantity of water should be at specific times and places along the river
systems.

Plans for studies of flow and water quality led to the division of the
two-basin system into 13 hydrologic subunits (Nowlin and others, 1980, p. 22).
These subunits were defined on the basis of projected study needs using the
inputs of local people concerned with water management. The subunits were
selected to allow an assessment of major, immediate water-quality problems in
the basin and to facilitate sampling and modeling efforts. The subunit
boundaries generally encompass a set of similar hydrographic features that are
significantly different from those in adjacent subunits. Sampling and
modeling efforts were designed on that basis to measure and predict the
changes that take place as flows move from one set of hydrologic conditions to
another set imposed downstream.

The natural hydrologic system in the basins is characterized by a regular
pattern of runoff. Flow wvolumes on major streams throughout the system
generally peak during May each year and rapidly decline to annual lows during
September. Rain and snow from October through March resupply the sources of
flow, and flow volumes gradually increase during the winter. This common
pattern dominates the ways in which water is allocated for its principal uses,
primarily agricultural irrigation. To those who allocate and use the water,

the runoff pattern is seen in three parts: (1) a period for water storage
(autumn-winter); (2) a period of high runoff (spring); and (3) a period for
irrigation (spring-autumn). The distinguishing elements of the hydrologic

system arise from efforts to regulate and allocate flows according to the
demands posed for each period. As of 1981, flows were regulated by the
integrated operation of seven reservoirs in the Upper Truckee River subunit,
diversions to the Truckee Canal at Derby Dam in the Middle Truckee River
subunit, and operations at Lahontan Reservoir on the Lower Carson River.
Allocations of flow are made using more than 150 primary diversion structures
on the main stems of the rivers and hundreds more on the primary diversions.
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The overall effects of water use on the resulting quantity of water
downstream are similar for the Reno~Sparks area (Truckee Meadows) and the
Carson Valley. Water is diverted from the rivers upstream from these areas,
used for agricultural, municipal, and domestic purposes, and some is

ultimately returned to the rivers via d