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Quantity and Chemical Quality of Recharge, and 
Updated Water Budgets, for the Basin-Fill Aquifer 
in Eagle Valley, Western Nevada 

by Douglas K. Maurer and Carl E. Thodal 

ABSTRACT 

In 1994, the U.S. Geological Survey began a 
series of studies designed to estimate water resources 
of Eagle Valley as part of a cooperative program with 
Carson City Utilities Department and the Washoe Tribe 
of Nevada and California. Initial work focused on esti
mating the quantity of water entering the valley floor 
from the surrounding mountains. Since 1996, studies 
have focused on estimating ground-water recharge 
from infiltration on the floor of Eagle Valley and 
on developing an updated overall water budget and 
ground-water budget. Estimates were made for 1995-
98, when precipitation was 140 percent of normal, and 
for average conditions. 

In the overall water budget, total estimated inflow 
to the floor of Eagle Valley was 40,000 acre-ft/yr dur
ing 1995-98, and 31,000 acre-ft/yr for average condi
tions. Average inflow includes 12,000 acre-ft/yr of 
precipitation and 4,900 acre-ft/yr imported from out
side the hydrographic area. Streamflow and subsurface 
inflow from the mountains average about 14,000 acre
ft/yr and are long-term sources not affected by changes 
in land use on the valley floor. However, streamflow is 
highly variable from year to year, increasing from an 
average of 9,900 acre-ft/yr to 14,000 acre-ft/yr in wet 
years, or decreasing to 4,400 acre-ft/yr in dry years. 
Subsurface inflow from the mountains varies much 
less, by only about 20 percent from dry years to wet 
years, averaging 3,800 acre-ft/yr. Estimates of outflow 
totalled 19,000 acre-ft/yr during 1995-98 and 15,000 
acre-ft/yr for average conditions. Average outflow 
includes 9,600 acre-ft/yr of streamflow and exported 
treated effluent and 5,100 acre-ft/yr of subsurface out
flow to Dayton and Carson Valley Hydrographic Areas. 

In the ground-water budget, the total estimated 
recharge and inflow ranged from 1 0,000 to 12,000 
acre-ft/yr during 1995-98 and ranges from 8,000 to 
10,000 acre-ft/yr for average conditions, varying much 
less from wet to dry conditions than inflow in the 

overall water budget. Average recharge and inflow 
includes 3,800 acre-ft/yr of subsurface inflow from the 
mountains, 2,600 acre-ft/yr from infiltration of stream
flow, 1,400 to 2,900 acre-ft/yr from irrigation of lawns, 
30-90 acre-ft/yr from infiltration of precipitation on 
open land with non-saline soils, and 260 acre-ft/yrfrom 
septic tanks. Ground-water discharge and outflow esti
mated during 1995-98 is probably similar to average 
conditions and totals 11 ,000 acre-ft/yr, including 5,100 
acre-ft/yr of subsurface outflow, 4,300 acre-ft/yr of 
pumpage, 370 acre-ft/yr of base streamflow, and 880 
acre-ft/yr of evapotranspiration. 

Independent estimates of evapotranspiration and 
increased ground-water storage during 1995-98 show 
that estimates of water-budget components are reason
able and probably within 20 percent of their actual 
values. However, the volumes of water-budget compo
nents will change as a result of variations in climate and 
changes in land and water use. Changes in land use that 
decrease the natural ground-water discharge by evapo
transpiration and increase recharge from irrigation of 
lawns could cause the water table to rise to near land 
surface in the lower parts of Eagle Valley. 

Water quality of streamflow and subsurface 
inflow from the mountains, precipitation, and water 
used for irrigation from municipal supply are largely 
within Nevada drinking-water standards. However, 
subsurface inflow beneath the west side of Eagle Valley 
commonly exceeds maximum standards for radon-222. 
Treated effluent and septic tanks are the most likely 
sources of recharge to cause ground-water contamina
tion. Samples of treated effluent from 1987 to 1997 
have concentrations of nitrate, arsenic, cadJ1?.ium, and 
lead equal to, or greater than, maximum drinking water 
standards; and concentrations of dissolved solids, iron, 
and manganese equal to, or greater than, secondary 
maximum standards. 
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INTRODUCTION 

Continued growth of Carson City, the capital of 
Nevada, is increasing the demand for municipal water 
supply. Much of the water supply for Carson City is 
from ground water in basin-fill aquifers underlying 
the floor of Eagle Valley. State-permitted pumping of 
ground water in Eagle Valley is about 8,900 acre-ft/yr, 
of which about 6,700 acre-ft/yr is allocated to the 
Carson City municipal supply (Matt Dillon, Nevada 
Division of Water Resources, written commun., 1999). 
The basin-fill aquifers in Eagle Valley (fig. 1) can be 
recharged by subsurface inflow from the adjacent 
mountains, by infiltration of streamflow and precipita
tion on the valley floor, and by infiltration of water 
applied for irrigation of fields, lawns, and golf courses. 

Recharge to the Eagle Valley Hydrographic Area 1 

was previously estimated by Worts and Malmberg 
( 1966, p. 15), and by Arteaga and Durbin ( 1979, p. 14 ). 
In 1994, the U.S. Geological Survey, in cooperation 
with Carson City Utilities Department, began studies to 
refine the earlier estimates. The initial phase of study 
developed methods to estimate subsurface inflow to the 
floor of Eagle Valley from three watersheds in the 
mountains on the western side of Eagle Valley-Kings 
Canyon, Ash Canyon, and Vicee Canyons (fig. 1). 
Measurements of the physical properties controlling 
ground-water flow toward the valley were made in test 
holes and wells installed along hydrogeologic cross 
sections near the mouths of the watersheds. These mea
surements, and the concentration of dissolved chloride 
in precipitation, ground water, and streamflow, were 
used to estimate subsurface inflow from the watersheds 
(Maurer and others, 1996). 

A second phase of study began in 1996 with the 
U.S. Geological Survey working in cooperation with 
Carson City Utilities Department and the Washoe Tribe 
of Nevada and California. Similar measurements were 
made at five other watersheds, informally named 
Clear Creek, C-Hill, northwest Kings Canyon, 
Goni, and Centennial Park; and estimates were made 

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

of subsurface inflow and water yield (subsurface 
inflow plus streamflow) from all watersheds tributary 
to the valley floor (fig. 1; Maurer and Berger, 1997). 
This information provided a refined estimate of water 
yield from the mountains surrounding Eagle Valley. 

Also during the second phase of study, measure
ments began for estimation of ground-water recharge 
on the valley floor from infiltration of streamflow, pre
cipitation, and water applied for irrigation. Estimates of 
recharge on the valley floor, combined with the esti
mates of water yield from the surrounding mountains, 
provide refined estimates of all sources of recharge to 
the basin-fill aquifer beneath the valley floor. Measure
ments and estimates of outflow from the valley, com
bined with estimates of recharge, allow development of 
an updated overall water budget and ground-water 
budget for the floor of Eagle Valley. 

Purpose and Scope 

The principal purpose of this report is to present 
estimates of recharge on the floor of Eagle Valley from 
infiltration of streamflow, precipitation, and water 
applied for irrigation. These estimates are combined 
with estimates of water yield from watersheds tributary 
to the floor of Eagle Valley and estimates of outflow 
from the valley to obtain an updated overall water bud
get and ground-water budget that can be used by water 
managers. Estimates were made for 1995-98, a period 
when precipitation was 140 percent of normal, and for 
average conditions. 

Recharge from infiltration of streamflow was 
estimated from measurements of streamflow at 17 sites 
along Clear, Kings Canyon, and Ash Canyon Creeks, 
and from measurements at 4 sites of the attenuation of 
diurnal temperature variations in streamflow and with 
depth beneath the streambeds. Recharge from infiltra
tion of precipitation and water applied for irrigation 
was estimated from the concentration of chloride in 
soils above the water table at 16 sites. Recharge rates at 
the 16 sites were applied to areas of similar land use to 
obtain estimates of recharge over the entire valley floor. 
Data were collected from September 1995 to October 
1998. Recharge from septic tanks was estimated from 
the approximate number of existing tanks multiplied by 
an estimate of daily use. Ground-water discharge was 
estimated from available data on ground-water pump
age and reported rates of evapotranspiration applied to 
the area of open land having saline soils. 
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Figure 1. Geographic features, watersheds tributary to valley floor, and location of selected wells, Eagle 
Valley, Nevada. Area of golf courses and irrigated pastures from aerial photography taken January 1997. 
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Water-quality analyses of precipitation, surface
and ground-water samples taken from November 1994 
to September 1997, municipal supply water, and 
treated effluent are described in terms of drinking
water standards to allow evaluation of the potential 
for ground-water contamination. 
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DESCRIPTION OF EAGLE VALLEY 

Location and Geography 

Eagle Valley lies along the eastern slope of the 
Sierra Nevada with a total drainage area of about 70 
mi2, or 45,400 acres (Worts and Malmberg, 1966, p. 2 
and 15). The valley is bounded on the west by the 
Carson Range of the Sierra Nevada, on the north by the 
Virginia Range, on the east by low-lying Prison Hill 
and the flood plain of the Carson River, and on the 
south by Carson Valley (fig. 1). The floor of Eagle 
Valley, an area of about 20 mi2, or 13,600 acres (Mau
rer and Berger, 1997, p. 33 ), is about 4, 700 ft above sea 
level. The top of Prison Hill is about 5,700 ft above sea 
level, the top of the Virginia Range is about 8,000 ft, 
and the top of the Carson Range is higher than 9,200 ft. 
The Eagle Valley Hydrographic Area is largely in 
Carson City, Nev. Carson City represents combined 
county and municipal governments and is sometimes 
referred to as a county as well as the capital of Nevada. 

Vegetation 

On the floor of Eagle Valley, much of the natural 
vegetation of sagebrush, rabbitbrush, bitterbrush, and 
grassy meadows has been replaced by commercial 
buildings, houses, streets, and lawns. In 1965, Worts 
and Malmberg ( 1966, p. 24) estimated that 700 acres of 
pasture were irrigated with streamflow from Ash and 
Kings Canyons. In 1997, pastures covered about 650 
acres and about 50 acres had been replaced by develop
ment. 

Geology 

The mountains surrounding Eagle Valley consist 
of consolidated rocks that have been uplifted by fault
ing. The valley floor has been downdropped relative to 
the mountains, forming a basin that is partly filled with 
sediments eroded from the surrounding mountains. 
In this report, the consolidated rocks exposed in the 
mountains and buried beneath the sediments in the val
ley are collectively called bedrock; the sediments in the 
valley are collectively called basin-fill sediments. 

Granitic and metamorphic rocks form the bulk of 
the bedrock outcropping west and north of Eagle Valley 
and at Prison Hill, and probably underlie much of the 
valley floor (Moore, 1969, p. 6). Volcanic rocks overlie 
granitic and metamorphic rocks in the Virginia Range 
and consist of rhyolite, andesite, and basalt flows, flow 
breccias, and tuffs (Moore, 1969, p. 11-14). 

Basin-fill sediments that overlie bedrock are gen
erally coarse grained near the base of the mountains 
and finer grained near the center of the valley. These 
sediments form the principal ground-water reservoir 
for municipal supply and form the basin-fill aquifer. 
They are estimated to be about 1,200 ft thick 1.5 mi 
west of Lone Mountain, about 400 to 800 ft thick 
beneath the northeastern and southern parts of the 
valley, and about 2,000 ft thick about 1 mi northwest of 
Prison Hill (Arteaga, 1986, p. 25). 

Soils 

The soils covering Eagle Valley have been 
described in detail by Candland (1979, p. 57). Soils 
with slow infiltration rates are found near the lowest 
parts of the valley and are described as being saline
alkali affected by Candland ( 1979, p. 31 and 42). 
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Hydrology 

Precipitation 

The floor of Eagle Valley lies in the rain shadow 
of the Sierra Nevada. The average annual precipitation 
on the valley floor was I 0.87 in. for 1961-90 at 
the National Weather Service station near Stewart 
(Owenby and Ezell, 1992, p. 15). This value agrees 
well with a map produced by Arteaga and Durbin 
(1979, p. 16), which shows that average precipitation 
on the valley floor is somewhat less than I 0 in/yr over 
the northern part and somewhat greater than I 0 in/yr 
over the south-central part. The map also estimates 
average annual precipitation of more than 38 in. along 
the crest of the Carson Range, and as much as 16 in. 
near the crest of the Virginia Range. Most precipitation 
falls as rain or snow during November through April. 
Snow in the Carson Range accumulates to several feet 
during most winters and melts in early spring to early 
summer. 

Using the map by Arteaga and Durbin (1979, 
p. 16), the total average volume of precipitation that 
falls within the Eagle Valley Hydrographic Area is 
about 67,000 acre-ft/yr (Maurer and Berger, 1997, 
p. 33). Arteaga and Durbin (1979) did not report the 
time frame for data used to develop their precipitation 
map; however, data prior to about 1978 were assumed 
to have been used. The volume of 67,000 acre-ft/yr is 
greater than a previous estimate for Eagle Valley of 
58,000 acre-ft/yr by Worts and Malmberg ( 1966, p. 15), 
which was based on a map of average annual precipita
tion for Nevada developed by George Hardman of the 
Nevada Agricultural Experiment Station in 1936 
(Eakin and others, 1951, p. 26). Using more recent pre
cipitation data, the Oregon Climate Service has devel
oped a map of average annual precipitation for 1960-91 
for Nevada (G.H. Taylor, Oregon Climate Service, 
Oregon State University, written commun., May 21, 
1997). Applying this map to the eight watersheds 
instrumented in previous studies by Maurer and others 
(1996) and Maurer and Berger (1997), a volume of 
43,600 acre-ft/yr is obtained (David L. Berger, U.S. 
Geological Survey, written commun., 1998). This vol-

, ume is about 4 percent less than the volume of 45,600 
acre-ft/yr for the eight watersheds reported by Maurer 
and Berger (1997, p. 32) using the map developed by 
Arteaga and Durbin (1979, p. 16). The map developed 
by Arteaga and Durbin ( 1979) is used in this report as 
it provides a more detailed distribution of precipitation 

and appears to provide reasonable estimates of precip
itation for 1960-91, a period representative of 
conditions during the present study. Applying the infor
mation from this map, Maurer and Berger (1997, p. 33) 
calculated an average precipitation on the valley floor 
of II ,500 acre-ft/yr. 

Major variations in annual precipitation since the 
1960's include above-normal precipitation in the early 
1960's and early-1980's, an extended drought from 
about 1987 to 1994, and generally above-normal pre
cipitation in the late 1990's (fig. 2). In January 1997, 
intense rain on an existing snowpack created historical 
flooding in much of western Nevada, including Eagle 
Valley. 

Streams 

Streams in the Clear Creek watershed and in 
Kings, North Kings, and Ash Canyons drain the eastern 
flank of the Carson Range and are perennial, flowing 
onto the floor of Eagle Valley even during drought 
years and across the valley during springs of normal 
and wet years. Average annual flow of the streams is 
about 4,000 acre-ft/yr from Clear Creek, 2,000 acre
ft/yr from Kings and North Kings Canyon Creeks, and 
2,600 acre-ft/yr from Ash Canyon Creek (Preissler and 
others, 1999). The water is used in the valley for irriga
tion of pastures and municipal water supply. Other 

__ streams entering Eagle Valley are ephemeral, flowing 
onto the valley floor only during spring snow-melt or 
intense storms. 

Flow of Kings Canyon, North Kings Canyon, and 
Ash Canyon Creeks (fig. I) that remains after irrigation 
and municipal diversions is routed into subsurface 
culverts beneath the urban part of Carson City. The 
streamflow emerges into open ditches about I mi east 
of U.S. Highway 395, joins Eagle Valley creek (infor
mal name), exits Eagle Valley north of Prison Hill, and 
discharges into the Carson River. Small unnamed 
creeks drain the northeastern part of Eagle Valley and 
discharge north of Eagle Valley creek into the Carson 
River. Clear Creek flows eastward across the southern
most end of Eagle Valley, with diversions for irrigation 
of lawns at Stewart and pastures south of Stewart in the 
Carson Valley Hydrographic Area. Flow from Clear 
Creek enters Carson Valley and discharges into the 
Carson River. 
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Figure 2. Annual precipitation in Carson City, Nevada, 1960-98, and average annual precipitation, 1961-90. Average 
annual precipitation from Owenby and Ezell (1992); annual precipitation from National Climatic Center (1961-98). 

Ground Water 

Occurrence, Movement, and Water-Level Changes 

Ground water moving through bedrock and 
basin-fill sediments in Eagle Valley originates as pre
cipitation that falls within the hydrographic area. In the 
mountains, part of the precipitation evaporates or is 
transpired by plants, part runs off as streamflow, and 
part infiltrates weathered or fractured bedrock. Water 
that infiltrates bedrock moves toward the canyons and 
seeps into streams or moves down the canyon beneath 
the stream channels to Eagle Valley. Some ground 
water in fractured bedrock moves along deeper flow 
paths into basin-fill sediments (Trexler and others, 
1980, p. 23 and 81). 

On the valley floor, part of the streamflow from 
the mountains infiltrates basin-fill sediments beneath 
the stream channels and irrigated lands, recharging 
the basin-fill aquifer. Previous studies differ as to the 
amount of recharge estimated from precipitation on the 
valley floor: Worts and Malmberg (1966, p. 15) esti
mated 400 acre-ft/yr, whereas Arteaga and Durbin 
( 1979, p. 11) stated that recharge from precipitation 

was not significant. Basin-fill aquifers are recharged 
also by infiltration of water or treated effluent applied 
to lawns. 

Depth to ground water is not known in the moun
tains because few wells exist for measurement. Depth 
to ground water at the mouths of watersheds tributary 
to Eagle Valley ranges from almost 200 ft near Vicee 
Canyon to about 130 ft near Ash Canyon, 85 ft near the 
base of the Virginia Range, 30 ft near Kings Canyon, 
and 10 to 20 ft near Clear Creek (fig. 1 ). Beneath the 
higher parts of the valley floor, depth to water ranges 
from about 30 ft about 1 mi northwest of Lone Moun
tain, to 40 to 50ft about 1-2 mi north of Stewart. Depth 
to water is about 5 ft beneath most of the north-central 
and low-lying parts of the valley floor. 

In the northern part of Eagle Valley (fig. 1 ), 
ground water moves eastward and southeastward 
beneath the hydrographic-area divide into Dayton 
Valley (Worts and Malmberg, 1966, p. 11; Arteaga, 
1986, p. 6; Maurer, 1997, p. 31 ). In the southern part of 
Eagle Valley, some ground water moves northeastward 
around the northern end of Prison Hill, and some 
moves southeastward beneath the hydrographic-area 
divide into the Carson Valley Hydrographic Area 
(Worts and Malmberg, 1966, p. 11; Arteaga, 1986, 
p. 6). 
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Ground water in the basin-fill aquifer is dis
charged by pumping and by evapotranspiration which 
includes evaporation from bare soil and transpiration 
by plants. In 1964, about 5,000 acres near the center 
of the valley were covered with phreatophytes (plants 
that use ground water) and pasture grasses (Worts and 
Malmberg, 1966, p. 27). Since that time, many acres of 
phreatophytes and pasture grasses have been replaced 
by development. As discussed later in the section titled 
"Water Budgets," on the basis of indirect evidence, 
phreatophytes covered about I, I 00 acres in 1997. In 
addition, ground-water pumping has caused water lev
els to decline, further reducing the amount of ground
water discharged by phreatophytes. Since 1964, 
ground-water discharge by municipal pumping has 
increased and discharge by evapotranspiration from 
natural vegetation has decreased. 

In response to municipal pumping, ground-water 
levels on the northwestern side of Eagle Valley 
declined in the 1970's (figs. 3A and B). In the southern 
part of the valley, water levels declined slightly from 
the mid-1970's to the 1980's (fig. 3C). In both areas, 
water levels appear to have stabilized in the 1980's; 
declining slightly during drought conditions from 
about 1988 to 1994, and rising 5-l 0 ft after above
normal precipitation during 1995-98 (fig. 2). Near the 
center of the valley, water levels responded to varia
tions in annual precipitation but showed little to no 
long-term decline (figs. 3D and E). Water levels in a 
well near Eagle Valley golf course rose in response to 
irrigation, which began in 1975, and the well began to 
flow in the early 1980's (fig. 3F). Two other wells also 
show water-level rises, of about I 0 ft since 1975 (figs. 
3G and H); however, they are not near the golf course. 
The water levels at these wells could be rising in 
response to a change in land use from open land cov
ered with native vegetation to high-density residential 
land. Rising water levels could be caused by a reduc
tion in evapotranspiration by phreatophytes and 
increased recharge from lawn irrigation. 

Previous Estimates of Ground-Water Recharge 

Recharge to Eagle Valley has been previously 
estimated by Worts and Malmberg ( 1966, p. 15), 
Arteaga and Durbin (1979, p. 14), and Szecsody and 
others (1983, p. 56 and 71 ). Maurer and others (1996, 
p. 27-28) and Maurer and Berger (1997, p. 33) made 
refined estimates of subsurface inflow and streamflow 
from the mountains. 

Worts and Malmberg ( 1966, p. 14) used a method 
developed by Eakin and others (1951) that was based 
on a relation between precipitation and altitude and an 
empirical relation between precipitation and recharge. 
The empirical relation assumes differing percentages 
of recharge for precipitation-altitude zones. Using 
slightly different percentages than presented by Eakin 
and others (1951 ), Worts and Malmberg (1966, p. 15) 
estimated potential recharge to be 8,700 acre-ft/yr, 
including recharge on the valley floor of 400 acre-ft/yr. 
The term "potential" was used because they estimated 
about half of the streamflow reaching the valley floor 
flows out of the hydrographic area (Worts and Malm
berg, 1966, p. 14 ). 

Arteaga and Durbin (1979, p. 14) used a relation 
between precipitation and water yield to estimate water 
yield from watersheds tributary to Eagle Valley. They 
assumed that the entire water yield from Clear Creek, 
Kings Canyon, and Ash Canyon watersheds was in 
the form of surface-water runoff and estimated that 
recharge from the remaining watersheds was I ,200 
acre-ft/yr (Arteaga and Durbin, 1979, p. 23). Estimated 
recharge from streamflow of Clear, Kings Canyon, and 
Ash Canyon Creeks, and from agricultural irrigation 
using that flow was 3, I 00 acre-ft/yr (Arteaga and 
Durbin, 1979, p. 25). Arteaga and Durbin (1979, p. 29-
30) also estimated that recharge from municipal water 
use averaged about 550 acre-ft from 1967-77, and 
recharge from irrigation of the city golf course was 700 
acre-ft/yr. Recharge from precipitation on the valley 
floor was assumed to be insignificant (Arteaga and 
Durbin, 1979, p. 11 ). Totaling all sources of recharge, 
a value of about 5,600 acre-ft/yr is obtained, represen
tative of estimated conditions in the early 1970's. 

Szecsody and others (1983, p. 56 and 71) esti
mated that subsurface inflow from the mountains was 
about 3,900 acre-ft/yr. They based this on increases in 
electrical conductivity in soil water beneath melting 
snow packs that they used to estimate evapotranspira
tion, and did not evaluate infiltration of streamflow on 
the valley floor. 

Maurer and others (1996, p. 27-28) and Maurer 
and Berger (1997, p. 23) determined that subsurface 
flow to Eagle Valley does take place from the water
sheds of Clear Creek, Kings Canyon, and Ash Canyon, 
and made refined estimates of subsurface flow and 
streamflow from all watersheds tributary to Eagle 
Valley (fig. 1). Subsurface inflow from the mountains 
is considered inflow to basin-fill aquifers, and is not 
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Figure 3. Water-level changes in selected wells, 1964-98 and 1975-98, Eagle 
Valley, Nevada. Location of wells shown on figure 1. Dashed lines indicate data 
gaps. Negative values for well F indicate water level above land surface. 
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E. strictly considered recharge. Recharge is defined as 

0 
flow that has moved across the water table (Freeze 
and Cherry, 1979, p. 211). 

Maurer and Berger (1997, p. 33) estimated that 

10 
subsurface inflow from watersheds tributary to the 
floor of Eagle Valley ranges from 3,200 to 6,100 acre-
ft/yr. In that study, a relation developed between pre-

20 cipitation and subsurface inflow suggested that the 
high-range estimate of subsurface inflow from Kings 
Canyon (2,300 acre-ft/yr) was probably too high, and 

30 that the low-range estimate (600 acre-ft/yr) was more 
1975 1980 1985 1990 1995 reasonable (Maurer and Berger, 1997, p. 34). Using 

F. 
the low-range estimate for subsurface inflow from 
Kings Canyon, subsurface inflow from all watersheds 

w -10 ranges from 3,200 to 4,400 acre-ft/yr. 
(.) ./''I ~ ./' 

a: -5 ./' Water Use 
./' 

::::> ./' 
(/) ./' In the mid-1960's, most water use in Eagle ./' 
0 0 

J~;ng well afw lh~ date 

Valley was for agriculture using flow from springs z 
<( and streams draining the Carson Range, and it totaled _J 

~ 5 about 3,700 acre-ft/yr (Worts and Malmberg, 1966, 
0 p. 2). Over time, ground-water pumpage for munici-
_J 10 pal use increased from 950 acre-ft/yr in the mid-w 
co 1975 1980 1985 1990 1995 1960's (Worts and Malmberg, 1966, p. 25), to 4,700 1--w acre-ft/yr in 1978 when 75 percent of the pumping w G. LL was on the northwestern side of the valley (Arteaga, 
z 10 1986, p. 33-34). In 1987, pumpage reached a maxi-
a: mum of about 7,300 acre-ft/yr and some supply wells 
w 15 were in adjacent Dayton and Carson Valley Hydro-t;: 
~ graphic Areas (Tom Hoffert, Carson City Utilities 

~ 20 Department, written commun., 1998). After 1989, 

I 
municipal water use was increasingly supplemented 

1-- 25 by surface-water diversions from Kings Canyon and a.. 
w Ash Canyon Creeks, from induction wells adjacent to 
0 

30 the Carson River in the Dayton Valley Hydrographic 
1975 1980 1985 1990 1995 Area, and from surface water imported into Eagle 

H. Valley from Marlette and Hobart Lakes (fig. 1 ). The 

0 
Marlette-Hobart system originally supplied water for 
State facilities and currently supplements Carson 
City's municipal supply. In 1991, Carson City began 

5 a program of artificial recharge through infiltration 
beds in Vicee Canyon using water from the Marlette-

10 Hobart system. From 1991 through 1997, about 700 
acre-ft was recharged; the greatest amount, 400 acre-

15 ft, was recharged in 1993. 
From 1995 through 1998, municipal ground-

20 water pumpage from Eagle Valley Hydrographic Area 
1975 1980 1985 1990 1995 averaged about 3,100 acre-ft/yr. This was supple-

Figure 3. Continued. 
men ted by about 1 ,600 acre-ft/yr of ground water 
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pumped from the Dayton and Carson Valley Hydro
graphic Areas, 1,800 acre-ft/yr of surface water from 
the Carson River pumped by induction wells in the 
Dayton Valley Hydrographic Area, about 3,000 acre
ft/yr of surface-water diversions from Kings Canyon, 
North Kings Canyon, and Ash Canyon Creeks, and 
1 , 100 acre-ft/yr imported from Marlette and Hobart 
Lakes (Tom Hoffert, Carson City Utilities Department, 
written commun., 1998). Total municipal use for 1995-
98 averaged about 10,600 acre-ft/yr. 

Numerous private wells also pump ground water 
for domestic, quasi-municipal, commercial, irrigation, 
industrial, and stock use. Pumpage for all purposes 
except domestic use totaled 400 acre-ft in 1994, and is 
relatively constant from year to year (Dillon, 1995, 
p. 5; Matt Dillon, Nevada Division of Water Resources, 
oral commun., 1998). In 1998, about 700 domestic 
wells were in use, estimated from the number of occu
pied parcels without city services (Leanna Stevens, 
Carson City Utilities Department, written commun., 
1998) and adjusted to include only those within the 
Eagle Valley Hydrographic Area. Applying an esti
mated use rate of 1.12 acre-ft/yr (Dillon, 1995, p. 4), 
domestic pumpage totals about 800 acre-ft/yr. Thus, 
total ground-water pumpage for Eagle Valley during 
1995-98 was about 4,300 acre-ft/yr 

Water is exported from Eagle Valley in the form 
of treated effluent to a reservoir in the Pine Nut Moun
tains locally called Brunswick reservoir (fig. 1). Efflu
ent is pumped to the reservoir generally during winter 
months and, since 1997, is returned during summer 
months to Eagle Valley for irrigation of the Silver Oaks 
golf course (fig. 1 ). The treated effluent from the reser
voir is used also for irrigation of a golf course and 
alfalfa, in areas east and south of the Eagle Valley 
Hydrographic Area, respectively. Effluent directly 
from the municipal treatment plant also has been used 
for irrigation of the Eagle Valley golf course since 
1975. 

RECHARGE FROM INFILTRATION ON THE 
VALLEY FLOOR 

Basin-fill aquifers beneath the valley floor are 
recharged from infiltration of streamflow, precipita
tion, and water applied for irrigation. The volume of 
recharge is dependent on the volumes of streamflow 
from the mountains, the volumes of streamflow 
diverted for municipal use and applied for irrigation, 
and areas of ( 1) land irrigated for crops or pasture, 

(2) irrigated lawns, (3) impervious surfaces, and 
( 4) undeveloped or open land. As land and water use 
on the valley floor change over time, the location and 
volume of recharge changes. 

Infiltration of Streamflow 

Recharge from infiltration of perennial stream
flow on the western side of the valley was estimated 
from periodic streamflow measurements made using 
standard methods and standard AA and pygmy meters 
(Rantz, I982, p. 80). The accuracy of such measure
ments is within 8-10 percent of their actual values at 
most sites. Measurements were made on Clear, Kings 
Canyon, North Kings Canyon, and Ash Canyon Creeks 
(fig. 4). 

For Clear Creek, measurements were made at 
eight sites (fig. 4, table 1) downstream from the bed
rock/basin-fill contact. Sites 1 through 3 are in a narrow 
canyon flanked by granitic bedrock, and sites 4 through 
8 lie along the flood plain of the creek. Sites 6 and 8 are 
on a diversion ditch south of the main stem of Clear 
Creek. Sites 7 and 8 are near the hydrographic-area 
boundary and measurements of total flow at the two 
sites are representative of flow out of the hydrographic 
area. Flow losses or gains between the hydrographic
area boundary and the Carson River are not known. 

Three structures divert streamflow from Clear 
Creek: one between sites 1 and 2, one between sites 3 
and 4, and one upstream from sites 5 and 6. The upper 
structure diverts water for irrigation of lawns near 
Stewart and maintains fire hydrant pressure. The mid
dle structure, prior to 1997, occasionally diverted water 
for irrigation of lawns at a city park upstream from sites 
5 and 6. The lower structure diverts water for irrigation 
of pastures in Carson Valley. The middle structure was 
not operational in June or July I996 and after January 
1997, when flood waters filled the structure with sedi
ment. Water from the two upstream structures is con
veyed in buried pipelines not equipped with meters or 
other means to measure diversion rates. 

The streamflow measurements show that stream 
reaches between the measurement sites change from 
gaining to losing along the entire reach and from date 
to date (table I). Much of the variation calculated in 
table I could be caused by inaccuracies in individual 
streamflow measurements; however, the variations and 
lack of consistently large losses suggest that the reach 
is in close connection with the water table. The larger 
variations in gains and losses could be caused by 
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Base from U.S. Geological Survey digital data 1:1 00,000-scale 
and 1 :24,000-scale (1979-82) 
Universal Transverse Mercator projection, Zone 11 
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Figure 4. Location of streamflow measurement sites (site descriptions in tables 1 and 3), 
thermocouple sites, and water-quality sampling sites in and adjacent to Eagle Valley, Nevada. 
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Table 1. Summary of streamflow measurements and gains to and losses from Clear Creek, Eagle Valley, Nevada, 1996-98 

[Values are rounded to nearest 0.1 cubic foot per second for flows greater than 1.0 cubic foot per second and to nearest 0.0 I cubic foot per second for flows less than 1.0 cubic foot per second. 
Symbols: --, no measurement; +, gain; -, loss] 

Discharge (cubic feet per second) 

1996 1997 1998 
Site 

(fig. 4) January 10 May6 June3 July 10 August 27 July 1 September 18 April30 June3 July 22 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

Flow 
Gain 

or loss or loss or loss or loss or loss or loss or loss or loss or loss or loss 

1 a 3.5 17.1 11.3 4.7 3.0 10.8 6.2 -- 14.6 7.6 

2b -- -- -- -- -- -- 5.0 -1.2 16.2 14.4 -0.2 6.3 -1.3 

3c 3.9 +0.4 16.4 -0.7 10.1 -1.2 4.6 -0.1 3.3 +0.3 9.3 -1.5 5.6 +0.6 18.1 +1.9 16.4 +2.0 6.7 +0.4 

4d 3.7 -0.2 13.9 -2.5 9.0 -1.1 4.7 +0.1 3.9 +0.6 8.3 -1.0 6.0 +0.4 20.6 +2.5 15.6 -0.8 7.5 +0.8 

5e 3.4 11.2 7.7 3.2 2.1 7.2 4.8 18.5 13.6 6.3 

6f 0.67 2.6 1.5 0.59 0.63 1.9 0.66 0.94 0.41 0.94 
-- -- -- -- -- -- -- -- -- --

Total sites 5 and 6 4.1 +0.4 13.8 -0.1 9.2 +0.2 3.8 -0.9 2.7 -1.2 9.1 +0.8 5.5 -0.5 19.4 -1.2 14.0 -1.6 7.2 -0.3 

7g 3.3 13.7 6.9 3.0 1.6 6.5 4.2 18.9 14.0 5.7 

8h 0.38 2.4 1.2 0.46 0.48 1.6 0.55 0.70 0.26 0.70 
-- -- -- -- -- -- -- -- -- --

Total sites 7 and 8 3.7 -0.4 16.1 +2.3 8.1 -1.1 3.5 -0.3 2.1 -0.6 8.1 -1.0 4.8 -0.7 19.6 +0.2 14.3 +0.3 6.4 -0.8 

Net gain/loss i +0.2 -1.0 -3.2 -1.2 -0.9 -2.7 -1.4 +3.4 -0.3 -1.2 

Percent difference j +5.7 -5.8 -28 -26 -30 -25 -23 +21 -2.1 -16 

a Station number 10310500, Clear Creek near Carson City, Nev., latitude 39°06'48", longitude 119°47'50", in northeast quarter of northeast quarter of northwest quarter of section 1 
Township 14 North, Range 19 East. 

h Potential diversion between sites 1 and 2 for all dates, latitude 39°06'47", longitude 119°47'47", in northeast quarter of northeast quarter of northwest quarter of section 1, Township 14 
North, Range 19 East. 

c Latitude 39°06' 41 ", longitude 119°4 7'32", in southwest quarter of northwest quarter of northeast quarter of section 1, Township 14 North, Range 19 East. 

d Potential diversion between sites 3 and 4 on 0 1/I0/1996,and 05/06/1996, latitude 39°06'39", longitude 119°47'17", in southwest quarter of northeast quarter of northeast quarter of section 
I, Township 14 North, Range 19 East. 

c Latitude 39°06'55", longitude 119°46'22", in southwest quarter of southeast quarter of southeast quarter of section 31, Township 15 North, Range 20 East. 

f Latitude 39°06'54", longitude 119°46'22", in southwest quarter of southeast quarter of southeast quarter of section 31, Township 15 North, Range 20 East. 

g Latitude 39°06' 46", longitude 119°45'27", in southeast quarter of northwest quarter of northeast quarter of section 5, Township 14 North, Range 20 East. 

h Latitude 39°06' 42", longitude 119°45' 41 ", in southeast quarter of northeast quarter of northwest quarter of section 5, Township 14 North, Range 20 East. 

i Net gain or loss between sites I or 2 and combined flow at sites 7 and 8. 

j Percent calculated as net gain/loss, divided by flow at site 1 or 2 and multiplied by I 00. 



fluctuations in the water table over time along the 
stream reach. Fluctuations of the water table are pro
duced by seasonal and annual variations in recharge 
from precipitation, or could be caused by pumping 
from wells about 1 ,000 to 1 ,500ft from sites 5, 6, and 7. 

In general, the reach between sites 2 and 3 lost 
flow during measurements from January 1996 to July 
1997, and gained flow during measurements from Sep
tember 1997 to July 1998. Similarly, the reach between 
sites 3 and 4 generally lost flow during measurements 
in 1996-97, with some loss possibly due to diversions, 
and was strongly gaining in April 1998. This suggests 
that during the spring of 1998, the water table in gra
nitic bedrock adjacent to sites 2-4 rose in response to 
wet conditions. 

Water-table fluctuations also could cause changes 
in gains or losses between site 4 and sites 5 and 6. The 
reach between site 4 and sites 5 and 6 generally lost 
flow during measurements, with small gains in January 
and June 1996 and a larger gain in July 1997. Similarly, 
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the reach between sites 5 and 6 and sites 7 and 8 gener
ally lost flow except for a large gain in May 1996 and 
small gains in the spring of 1998. 

The entire reach (site 1 to sites 7 and 8; fig. 4) 
generally lost flow except for a small gain in January 
1996 and a large gain in April 1998 when the reach 
adjacent to bedrock was gaining. A linear relation was 
developed between streamflow at site 1 and streamflow 
leaving the hydrographic area at sites 7 and 8 (fig. 5). 
The best-fit line shown on figure 5 can be expressed as 
a regression equation: 

Y= X( 1.087) - 1.656, (1) 

where Y is combined flow at sites 7 and 8, in cubic feet 
per second; and 

X is flow at site 1, in cubic feet per second. 
The coefficient of determination (r2), which 

indicates the decimal-percent of variation in the 
data accounted for by the equation, is 0.92. This 
relation was used to obtain an estimate of stream loss 
from Clear Creek and remaining outflow from the 
hydrographic area. Average flow at site 1 for 1995-98 

06/0311996 •• 07/01/1997 

10 12 14 

• 04/30/1998 

16 18 

FLOW AT CLEAR CREEK GAGE, IN CUBIC FEET PER SECOND (SITE 1) 

Figure 5. Relation between streamflow of Clear Creek at gaging station and outflow from Eagle Valley 
Hydrographic Area, Nevada. 
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was 6,700 acre-ft/yr (9.27 ft3/s), calculated from data 
published by the U.S. Geological Survey (1996-99). 
From equation 1, a vatue of about 6,100 acre-ft/yr (8.42 
ft3 Is) is obtained for average outflow from the hydro
graphic area. The amount of this flow that reaches the 
Carson River is not known. The difference between 
inflow at site 1 and outflow at sites 7 and 8, about 600 
acre-ft/yr, was lost to streamflow infiltration and diver
sions downstream from site 1 for 1995-98. 

Annual diversions from the structure near site 1 
were estimated by multiplying the rate and number of 
lawn applications at Stewart by the area of lawns irri
gated with Clear Creek diversions. An application rate 
of 0.17 inlhr was measured in 1997, and lawns are 
watered for an average of 8 hours a day, twice per week 
from May through September (Larry Hale, Stewart 
Buildings and Grounds, oral common., 1998) for a total 
of about 4.5 ft/yr. The area of lawns watered with the 
diversion was about 10 acres in 1997, as determined 
from aerial photography and field verification. Thus, 
diversions in 1997 and probably similarly in most 
recent years were about 45 acre-ft. 

Streamflow lost to infiltration can supply evapo
transpiration adjacent to the channel and the remainder 
provides recharge to basin-fill aquifers. Vegetation 
adjacent to Clear Creek consists largely of a narrow 
band of willows along almost the entire reach from site 
1 to sites 7 and 8. The length of this reach is about 
15,500 ft and the average width of willows on each side 
of the stream is about 20 ft. Thus, willows cover about 
620,000 ft2, or 14 acres adjacent to the creek. Willows 
are reported to use from 2 to 4 ft/yr (Robinson, 1970, 
p. 28). Applied to 14 acres, this range results in evapo
transpiration of about 30 to 60 acre-ft/yr. Including the 
estimate of diversions from Clear Creek in 1997, 45 
acre-ft/yr, total losses range from 75 to about 100 acre
ft/yr. Subtracting this range from the volume of loss 
using equation 1 (600 acre-ft/yr), recharge to basin-fill 
aquifers in Eagle Valley from Clear Creek during 1995-
98 was about 500 acre-ft/yr (table 2). 

For comparison with average conditions, the 
average flow of Clear Creek was adjusted to average 
flow of the West Fork Carson River at Woodfords, 
Calif. (period of record October 1900 to May 1907, 
1910-11, and October 1938 through September 1998). 
Flow was adjusted by multiplying the average flow for 
the period of record at Clear Creek reported by Pre
issler and others ( 1999) by the ratio of ( 1) the long-term 
average annual flow of West Fork Carson River to (2) 
the average annual flow of West Fork Carson River at 
Woodfords during the period of record at Clear Creek. 

Table 2. Summary of estimated recharge from 
infiltration of streamflow on floor of Eagle Valley, 
1995-98 and average conditions 

Source 

Clear Creek 

Kings and Ash Canyon Creeks 

Ephemeral streams 

Total 

Recharge 
(acre-f~t per year) 

1995-98 Average 

500 

1,700 

1,300 

3,500 

700 

1,000 

900 

2,600 

This results in an average of 4,300 acre-ft/yr (5.95 
ft3/s). Using this value in equation 1, a value of about 
3,500 acre-ft/yr (4.81 ft3/s) is obtained for outflow 
from the hydrographic area, and loss is about 800 acre
ft/yr. Assuming that diversions and loss to evapotrans
piration have been about the same over the long term 
(75-100 acre-ft/yr), average recharge from infiltration 
from Clear Creek is about 700 acre-ft/yr (table 2). A 
greater loss calculated using the lower average flow for 
Clear Creek is reasonable because losses were gener
ally lower (2 to 16 percent loss and 21 percent gain, 
table 1) during measurements in 1998 after four wet 
years than in 1996 and 1997. Flow loss is probably 
greatest when the adjacent water table is low during dry 
to normal years and lowest when the water table is high 
during wet years. 

Independent estimates of streamflow infiltration 
rates from Clear Creek were made from measurements 
of diurnal temperature fluctuations of streamflow and 
of soils at increasing depths beneath the streambed, 
combined with measurements of the vertical hydraulic 
gradient. Thermocouples (type T, copper constantan 
wires) were installed at depths of 4, 8, 12, 20, and 39 in. 
beneath the streambed at two locations (fig. 4 ). Vertical 
hydraulic gradients were measured at each location by 
driving a pipe into sediments beneath the streambed to 
selected depths of 20 and 39 in., and measuring the 
head difference between the stream ana within the pipe. 
A vertical gradient of 0.006 ft/ft was measured at the 
upper site, and 0.01 ft/ft was measured at the lower site. 

Diurnal temperature fluctuations of streamflow 
are caused by the daily variation in solar radiation, with 
minimum streamflow temperatures in early morning 
and peak temperatures in late afternoon. Infiltrating 
streamflow causes diurnal temperature fluctuations in 
soils; however, the minimum and peak temperatures 
occur at increasingly later times with depth below the 
streambed. Also, the difference between minimum and 
peak temperatures decrease with depth._ 
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Infiltration rates were calculated at each location 
by Richard Nishwonger (U.S. Geological Survey, writ
ten commun., 1999) using the computer program Vari
ably-Saturated Two-Dimensional Heat Transport 
model (VS2DH, Healy and Ronan, 1996). The model 
was used to calculate infiltration rate from simulations 
of the diurnal temperature variation beneath the stre
ambed at depths corresponding to thermocouple place
ment. The model used published values for the 
hydraulic and thermal properties of soils to solve equa
tions for variably saturated water flow and heat trans
port, producing simulated temperature fluctuations at 
each depth. Hydraulic and thermal properties in the 
model were adjusted until simulated temperature fluc
tuations and vertical gradients matched those observed. 
Infiltration rates calculated by the model under these 
conditions ranged from 2.5 to 3.8 ft/d for the upper site 
and from 0.025 to 0.37 ft/d for the lower site. The range 
in infiltration rates is caused by uncertainty of the ther
mal properties of the soil. 

To estimate annual infiltration beneath the 
streambed, the range in rates was applied to the 
streambed area estimated for upper and lower stream 
reaches adjacent to the two thermocouple locations. 
The upper reach extends from site 1 to a point halfway 
between sites 4 and 5, and the lower reach extends from 
that point to sites 7 and 8. Streambed area was esti
mated by multiplying the average stream width 
observed during streamflow measurements at sites 1 
through 8 by the distance between measurement sites. 
The area of the upper stream reach was estimated to be 
38,900 ft2 (0.9 acre), and the area of the lower reach 
was about 64,600 ft2 (1.5 acres). By applying the range 
of infiltration rates for each reach, annual infiltration 
was estimated to be from 800 to 1,200 acre-ft/yr 
beneath the upper reach, and from 14 to 200 acre-ft/yr 
beneath the lower reach, resulting in a total volume 
ranging from 800 to about 1,400 acre-ft/yr. Subtracting 
the estimate of evapotranspiration, from 30 to 60 acre
ft/yr, recharge estimated using the temperature data 
ranges from about 700 to 1,300 acre-ft/yr. The lower 
estimate based on temperature measurements agrees 
reasonably well with the estimate based on the relation 
between inflow and outflow from streamflow measure
ments-500 acre-ft/yr for 1995-98 and 700 acre-ft/yr 
for average conditions. The values obtained from the 
relation based on streamflow measurements will be 
used for water-budget estimates. However, estimates 
from measuring streambed temperature provide an eco
nomic method for estimating recharge at Clear Creek. 

For Kings Canyon, North Kings Canyon, and Ash 
Canyon Creeks, streamflow measurements were made 
at three sites along the mountain front (sites 9-11, fig. 
4, table 3) and at four sites where streamflow remaining 
after Carson City diversions and irrigation of pastures 
enters subsurface culverts for storm drainage beneath 
urban Carson City (sites 14-17). Streamflow is diverted 
for municipal use from North Kings Canyon and Ash 
Canyon Creeks (sites 12 and 13). The diversion rate 
was determined from in-line flow meters measuring 
water delivered to the Carson City treatment plant (site 
12; Cyril Ouilette, Carson City Utilities Department, 
oral communs., 1996-98), and checked by streamflow 
measurements for North Kings Canyon Creek (site 10, 
table 3). Downstream from municipal diversions, 
streamflow from North Kings Canyon Creek is tribu
tary to Kings Canyon Creek and is included in flow 
measured at site 11. Water is diverted in open ditches 
from Kings Canyon Creek and by a combination of 
ditches and pipelines from Ash Canyon Creek for flood 
irrigation of about 220 acres of pasture lands on the 
western side of Carson City (fig. 7). 

East of the Carson City storm-drain system, about 
1 mi east of U.S. Highway 395, streamflow emerges 
from the culverts and flows through open channels 
where depth to ground water is approximately coinci
dent with the streambed (less than 5 ft below land sur
face). Infiltration of streamflow along this reach is 
probably minimal. During measurements, total outflow 
to drains west of the drain system (table 3) was less 
than daily mean flow recorded at Eagle Valley creek 
(site 18, fig. 4) except during July and August of 1997 
and 1998, when streamflow east of the drain system 
may have been used for irrigation. As will be discussed 
in the section titled "Infiltration of Precipitation and 
Water Applied for Irrigation," chloride concentrations 
in soils above the water table show that net recharge in 
this area is minimal. 

Streamflow measurements show that the streams 
lose flow to infiltration over the entire reach west of 
Carson City. The volume of water lost to infiltration 
beneath streams, ditches, and flood-irrigated pastures 
on the western side of Eagle Valley can be determined 
by subtracting diversions for municipal use (sites 12 
and 13) and flow measured at the storm-drain system 
(sites 14-17), from the total inflow at the mountain 
front (sites 9-11, table 3). From 0.9 to 5.9 ft3/s were lost 
to infiltration during measurements on the western side 
of Eagle Valley (table 3). The net loss ranged from 37 
to 100 percent of the flow remaining after municipal 
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Table 3. Summary of streamflow measurements, municipal diversions, and streamflow losses from Kings and Ash Canyon 
Creeks, Eagle Valley, Nevada, 1996-98 

[Values are rounded to nearest 0.1 cubic foot per second for flows greater than 1.0 cubic foot per second, and to nearest 0.01 cubic foot per second for flows less 
than 1.0 cubic foot per second:] 

Discharge (cubic feet per second) 

Site 
1996 1997 1998 

(fig. 4) 

March 26 July 9 June 26 July 2 August 25 April 29 June2 July 1 July 31 August 7 August 18 August 28 September 11 

Inflow 

9a 4.4 6.4 6.8 6.5 3.9 6.2 6.2 6.8 5.2 4.9 4.5 4.1 4.5 

lOb 1.8 4.0 4.2 0 3.3 2.1 2.0 2.8 1.1 .9 3.3 .9 .9 

uc 1.3 .73 1.2 5.5 .89 .75 .85 1.3 2.8 2.6 .53 2.5 2.4 

Total 7.5 11.1 12.2 12.0 8.1 9.1 9.1 10.9 9.1 8.4 8.3 7.5 7.8 

Municipal diversions 

12 d 1.8 4.0 4.2 0 3.3 2.1 2.0 2.8 1.1 .9 3.3 .9 .9 

13e 2.2 2.7 3.0 5.8 2.2 5.8 4.0 3.5 2.0 3.1 3.5 2.7 2.7 

Total 4.0 6.7 7.2 5.8 5.5 7.9 6.0 6.3 3.1 4.0 6.8 3.6 3.6 

Flow remaining after diversions r 

3.5 4.4 5.0 6.2 2.6 1.2 3.1 4.6 6.0 4.4 1.5 3.9 4.2 

Outflow 

14g 1.2 .19 .13 1.4 0 .23 .18 .02 .05 .007 .02 0 0 

15 h 0 0 .006 0 .02 .01 .01 1.5 0 0 .19 0 0 

16i 1.0 .01 .04 .02 .22 .03 .02 0 0 0 0 0 0 

17j 0 0 .38 0 0 .005 .006 0 0 .34 0 0 0 

Total 2.2 .20 .56 1.4 .24 .28 .22 1.5 .05 .35 .21 0 0 

Net loss k 

1.3 4.2 4.4 4.8 2.4 .92 2.9 3.1 5.9 4.0 1.3 3.9 4.2 

Net loss, as percent of flow remaining after diversions 1 

37 95 88 77 92 75 93 67 98 91 87 100 100 

Daily mean flow of Eagle Valley creek m 

2.7 .23 2.9 .43 .05 1.1 .84 .63 .23 .11 .09 .09 .34 

a Station number 10311200, Ash Canyon Creek near Carson City, Nev.,latitude 39 10'35",longitude 119 48'17", in southwest quarter of northwest quarter 
of southwest quarter of section 12, Township 15 North, Range 19 East. 

h Station number 10311089, North Fork Kings Canyon Diversion near Carson City, Nev.,latitude 39 09'18", longitude 119 48'58", in southeast quarter of 
northeast quarter of northwest quarter of section 23, Township 15 North, Range 19 East. 

c Station number 10311100, Kings Canyon Creek near Carson City, Nev.,latitude 39 09'14",longitude 119 48'24", in southeast quarter of northeast quarter 
of northeast quarter of section 23, Township 15 North, Range 19 East. -

d Municipal diversion from North Kings Canyon Creek (Cyril Ouilette, Carson City Utilities Department, oral commun., 1996-98), equal to flow measured 
at site 10. 

e Municipal diversion from Ash Canyon Creek (Cyril Ouilette, Carson City Utilities Department, oral commun., 1996-98). 
r Value is total flow minus total municipal diversions. 
g Drain near King Street, latitude 39°09'51 ",longitude 119°46'53", in northwest quarter of northeast quarter of southwest quarter of section 18, Township 

15 North, Range 20 East. 
h Drain near Anderson Ranch, latitude 39°09'58", longitude 119°46'53", in southwest quarter of southeast quarter of northwest quarter of section 18, 

Township 15 North, Range 20 East. 
i Drain near Washington Street, latitude 39°10'07", longitude 119°46'52", in southwest quarter of northeast quarter of northwest quarter of section 18, 

Township 15 North, Range 20 East. 
j Drain near Fleischman Street, latitude 39° 10'20", longitude 119°46'19", in northwest quarter of northeast quarter of northeast quarter of section 18, 

Township 15 North, Range 20 East. 
k Value is total flow remaining after diversions minus total outflow. 
1 Percent calculated as net loss, divided by total flow remaining after diversions and multiplied by 100. 

m From Bostic and others (1997, p. 175), Bonner and others (1998, p. 168), and Preissler and others (1999). 
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diversions (table 3). The low loss rate measured in 
March 1996 is probably more representative of condi
tions during winter months when streamflow is not 
extensively diverted for flood irrigation. 

Variations in the percent loss during summer 
months could be caused by the length of time pastures 
had been irrigated during measurements, or by fluctua
tions in the underlying water table from spring to late 
summer. On July 31, 1998, flood irrigation of fields at 
the northern end of pastures began and the net loss was 
98 percent. One week later, on August 7, the same 
fields were being irrigated and the net loss decreased to 
91 percent as soils became more saturated. The net loss 
generally increased from spring to late summer as the 
local water table declined beneath irrigated fields. In 
1997, the net loss was 88 percent in June, 77 percent in 
July, and 92 percent in mid-August. In 1998, the net 
loss varied through spring and summer and was 1 00 
percent in late August and September. 
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A linear relation was developed between the net 
loss and flow at the mountain front remaining after 
diversions, excluding values for March 1996 (fig. 6). 
The best-fit line can be expressed as a regression equa
tion: 

Y= X(0.868) + 0.092, (2) 

where Y is net loss, in cubic feet per second, and 
X is flow remaining after municipal diversions, 

in cubic feet per second. 

The regression equation has a coefficient of 
determination(~) of 0.90. The equation is applicable 
to conditions during the irrigation season, generally 
from April through September. Average flow during 
those months for the 1995-98 period at Ash Canyon 
Creek (site 9) was about 2,400 acre-ft and at Kings 
Canyon Creek (site 11) was about 500 acre-ft as calcu
lated from data published by the U.S. Geological 
Survey (1996-99). Diversions for municipal use from 
Ash Canyon Creek during the same period averaged 
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Figure 6. Relation between streamflow remaining after municipal diversions and streamflow loss from 
Kings Canyon and Ash Canyon Creeks, Eagle Valley, Nevada. 
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about 800 acre-ft/yr (Tom Hoffert, Carson City Utili
ties, written commun., 1997). Thus, the total flow from 
Kings Canyon and Ash Canyon Creeks remaining after 
diversions was about 2,100 acre-ft/yr (5.83 ft3/s) from 
April through September (182 days). Using equation 2, 
net loss from Kings Canyon and Ash Canyon Creeks 
from April through September was about 1 ,900 acre
ft/yr (5.15 ft3/s) during 1995-98. 

During the non-irrigation season, an estimate 
of flow lost to infiltration through the streambed and 
beneath active irrigation ditches was obtained from 
measurements of diurnal temperature fluctuations 
of streamflow and at increasing depths beneath the 
streambed. Thermocouples were installed at depths of 
4, 8, 12, 20, and 39 in. beneath the streambed at two 
locations (fig. 4 ). 

As was done for Clear Creek, infiltration rates 
were calculated using VS2DH, the measured tempera
ture variations, and measurements of the vertical 
hydraulic gradient at each site. A vertical hydraulic 
gradient of 1.0 ft/ft was measured at the upper site, and 
0.7 ft/ft was measured at the lower site. The gradients 
are larger than those measured at Clear Creek, indicat
ing that the stream losses may be larger. Estimated 
infiltration rates ranged from 1.8 to 2.9 ft/d at the upper 
site, and from 1.0 to 2.5 ft/d at the lower site. 

Streambed area was determined from measured 
widths of streams and ditches active during winter 
months, multiplied by the distance between measure
ment sites. For Kings Canyon Creek, infiltration 
beneath the reach from site 11 to 0. 7 mi downstream 
is upstream from the valley-floor boundary and 
included in the estimate of subsurface flow made by 
Maurer and others ( 1996, p. 31 ). The area of this reach 
was not included in the overall estimate of streambed 
area. The range in infiltration rates obtained at the 
upper thermocouple location was applied to streams 
and ditches upstream from a point halfway between the 
two thermocouple locations, and the range obtained at 
the lower thermocouple location was applied to 
streams and ditches downstream from the halfway 
point. During winter months, streamflow from Ash 
Canyon Creek is used almost entirely for municipal 
supply except during storms when turbidity precludes 
its use. Thus, infiltration is lost mainly through the bed 
of Kings Canyon Creek and the ditches it supplies. The 
streambed area estimated for the upper reach was 7,200 
ft2 (0.165 acre), and for the lower reach was 7,100 ft2 

(0.163 acre). Applying the range in infiltration rates to 
these areas for the 182-day non-irrigation season 

results in an estimate of infiltration ranging from 50 to 
90 acre-ft for the upper reach and from 30 to 70 acre-ft 
for the lower reach, totaling 80 to 160 acre-ft for the 
non-irrigation season. Adding these values to the esti
mate of infiltration during the irrigation season ( 1,900 
acre-ft/yr), annual infiltration from Kings Canyon and 
Ash Canyon Creeks was about 2,000 to 2,100 acre-ft/yr 
during 1995-98. 

Part of this loss, for the 0. 7 mi reach of Kings 
Canyon Creek downstream from site 11 and upstream 
from the valley floor boundary, has been included in 
estimates of subsurface inflow from Kings Canyon 
(Maurer and others, 1996, p. 31 ). For this reason, the 
estimate of infiltration during the irrigation season was 
decreased to account for infiltration beneath the reach 
0. 7 mi downstream from site 11 on Kings Can Jon 
Creek. The area of that reach is about 9,000 ft (0.2 
acre), and applying the range of 1.8 to 2.9 ft/d obtained 
at the upper thermocouple site, infiltration from the 
reach ranges from about 70 to 100 acre-ft for the 182-
day irrigation season. Subtracting these volumes from 
the estimates of total annual infiltration, 2,000 to 2,100 
acre-ft/yr, infiltration on the floor of Eagle Valley dur
ing 1995-98 was from 1,900 to 2,000 acre-ft/yr. 

Water lost to infiltration may, in tum, be lost to 
evapotranspiration from pasture grasses irrigated using 
streamflow from Kings Canyon and Ash Canyon 
Creeks. Pastures irrigated west of the storm-drain sys
tem total 220 acres (table 4). Using an evapotranspira
tion rate of 1.0 to 1.5 ft/yr for pasture grasses (Worts 
and Malmberg, 1966, p. 27), about 200 to 300 acre-ft/yr 
of the streamflow infiltration is lost to evapotranspira
tion. Subtracting these volumes from the estimates of 
infiltration on the valley floor, recharge from stream
flow infiltration from Kings Canyon and Ash Canyon 
Creeks was about 1,700 acre-ft/yr during 1995-98 
(table 2). 

For comparison with average conditions, average 
flow, adjusted to long-term flow of the West Fork Car
son River at Woodfords, Calif., from April through 
September for Kings Canyon Creek is 500 acre-ft/yr, 
for Ash Canyon Creek is 1,400 acre-ft/yr, and diver
sions from Ash Canyon Creek averaged 500 acre-ft/yr 
from 1992, when diversions began, to 1998 (Tom 
Hoffert, Carson City Utilities Department, written 
commun., 1999). Average flow remaining after munic
ipal diversions is 1,400 acre-ft/yr (3.88 ft3/s). From 
ejuation 2, the average net loss is 1,250 acre-ft/yr (3.46 
ft /s ). Assuming the same additional infiltration losses 
during winter months for 1995-98 (80-160 acre-ft/yr), 
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Table 4. Areas of land use on floor of Eagle Valley, 1997, 
and areas of non-saline and saline soils within open, 
residential, and impervious areas 

Land-use type a 

Open area 

Non-saline soils 

Saline soils 

Total 

High-density residential b 

Lawns 

Impervious surfaces 

Total 

Low-density residentialb 

Lawns 

Open area 

Non-saline soils 

Saline soils 

Total 

Impervious surfaces 

Total 

Impervious surfaces, non-residential 

Pasture 

Heavily irrigated 

Minimal irrigation with saline soils 

Total 

Golf courses 

Lawns (Mills Park) 

Total, valley floor area 

Totals, by land-use category c 

Open area 

Non-saline soils 

Saline soils 

Total 

Lawns 

Impervious surfaces 

Pasture 

Golf courses 

Area 
(acres) 

4,300 

860 

5,160 

1,110 

1,970 

3,080 

1,240 

1,230 

210 

1,440 

760 

3,440 

910 

220 

430 

650 

320 

40 

13,600 

5,500 

1,100 

6,600 

2,400 

3,600 

650 

320 

a Detennined from aerial photography taken February 1992 and 
January 1997. Extent of saline soils from Candland ( 1979, p. 31 and 42) 
and estimated from areas of phreatophytes and depth to water of less than 
5 feet in 1964 (Worts and Malmberg, 1966, figs. 5 and 7). 

0 Subtotals for residential land estimated from analysis of aerial 
photography for five locations in high- and low-density residential land. 
High-density residential land averaged 36 percent lawns, 64 percent 
impervious surfaces; low-density residential land averaged 36 percent 
lawns, 42 percent open area, 22 percent impervious surfaces. 

-= Rounded to two significant figures . 

average annual infiltration is 1,300 to 1,400 acre-ft/yr. 
If infiltration upstream from the valley floor along 
King~ Canyon Creek (70 to 100 acre-ft/yr) and evapo
trans{i>iration losses (200-300 acre-ft/yr) also are simi
lar to I those of 1995-98, recharge from Kings Canyon 
and Alsh Canyon Creeks for average conditions is about 
1,0001 acre-ft/yr (table 2). 

flow from ephemeral streams that drain the 
rema~ning watersheds tributary to Eagle Valley was 
estimated by Maurer and Berger (1997, p. 32-33) to 
totallbout 900 acre-ft/yr, on the basis of the map of 
avera¥e annual precipitation developed by Arteaga and 
Durb~n (1979, p. 16). During the wet years of 1995-98, 
epherperal streamflow was probably greater than 900 
acre-~t/yr. The combined gaged flow of the perennial 
strea~s, Clear Creek, Kings Canyon Creek, North 
Kings Canyon diversions, and Ash Canyon Creek 
averaged about 13,000 acre-ft/yr from 1995-98 as 
calculated from data published by the U.S. Geological 
Survey ( 1996-99). Flow of North Kings Canyon Creek 
remaining after diversions is tributary to and included 
in the flow of Kings Canyon Creek. The combined 
average flow of these perennial streams, adjusted to the 
long-term flow of the West Fork Carson River, is about 
9,000 acre-ft/yr, and flow from 1995-98 was about 140 
percent of this average. Assuming that the flow of 
ephemeral streams increased by the same amount dur
ing 1995-98, ephemeral streamflow was 140 percent of 
900 acre-ft/yr, or about 1,300 acre-ft/yr. The bulk of 
this ephemeral streamflow probably infiltrates stream 
channels near the mountain front and becomes recharge 
(table 2). 

Infiltration of Precipitation and Water Applied 
for Irrigation 

Recharge from infiltration of precipitation and 
irrigation water was estimated from the concentration 
of chloride in soil profiles above the water table at 16 
sites. Estimates of recharge at the sites were applied to 
areas of similar land use on the floor of Eagle Valley. 

An initial distribution of land use was determined 
from aerial photographs at a scale of 1 :7,200 taken in 
February 1992. This distribution was updated when 
photography taken in January 1997 became available 
because of rapid land-use changes (fig. 7). Land use 
was divided into categories of ( 1) open land covered 
by native vegetation; (2) impervious land covered by 
asphalt, concrete, or commercial buildings; (3) high
and ( 4) low-density residential land; (5) irrigated 

RECHARGE FROM INFILTRATION ON THE VALLEY FLOOR 19 



Base from U.S. Geological Survey digital data 1:1 00,000-scale 
and 1 :24,000-scale (1979-82), 
Universal Transverse Mercator projection , Zone 11, 
Land use from 1:7,200 scale aerial photography taken 
January 1997 
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Hydrographic areas 
from Arteaga and Durbin (1979) 
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EXPLANATION 

c::s:J Saline soils -Dashed where 
inferred from Worts and 
Malmberg (1966, figs . 5 and 7) 

C] Golf course 
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~ Impervious surface 
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Figure 7. Distribution of land use on floor of Eagle Valley, Nevada, 1997, including areas 

having saline soils and location of soil-chloride profile sites. Soils distribution modified from 

Candland (1979). Mills Park, shown as open area, is irrigated lawn. 
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pastures; and (6) golf courses. High-density residential 
land is covered by impervious surfaces of homes, 
driveways, sidewalks, and streets, and by lawns or 
heavily landscaped areas. Low-density residential land 
is similar but also includes areas of open land, which 
are barren OT covered by native vegetation. 

Impervious surfaces and lawns or open areas 
within the categories of high- and low-density residen
tial land were determined from overlays of aerial pho
tography made for five representative locations for 
each category. Impervious surfaces were blackened on 
the overlays and the overlays scanned to obtain a black 
and white image. The percentage of black and white 
within each representative location was determined 
from the scanned image. This percentage was then used 
for all areas of high- and low-density residential land. 

For the five locations representative of high-den
sity residential land, irrigated lawns ranged from 30 to 
41 percent of the scanned images and averaged 36 per
cent; impervious surfaces covered an average of 64 
percent. For the five low-density locations, open areas 
ranged from 68 to 82 percent of the scanned images and 
averaged 78 percent; impervious surfaces averaged 22 
percent. Open areas consist of irrigated lawns and land 
that is either barren or covered by native vegetation. 
Because lawns were difficult to distinguish from open, 
barren land on the aerial photographs taken during win
ter months, the percent of irrigated lawns on high-den
sity residential land was assumed to equal the area of 
lawns on the low-density residential land. Thus for 
low-density residential land, about 36 percent is irri
gated lawns, about 42 percent is open land, and 22 per
cent is covered by impervious surfaces. 

Using the above percentages, the area of land-use 
types was totaled for the floor of Eagle Valley (table 4). 
Open areas covered 6,600 acres, impervious surfaces 
covered 3,600 acres, lawns covered 2,400 acres, 
pastures covered 650 acres, and golf courses covered 
320 acres. 

The concentration of chloride in soil profiles 
above the water table has been used to estimate 
recharge by many workers (Allison and Hughes, 1978, 
1983; Scanlon, 1991; Allison and others, 1994; Phil
lips, 1994; Prudic, 1994; Prych, 1998). The distribution 
of chloride in soil profiles is developed as small quan
tities of chloride are deposited onto land surface by pre
cipitation (wet fall) and dust (dry fall), which move 
downward with infiltrating precipitation. As the water 
moves downward, some is lost to evapotranspiration 
and the remainder percolates to the water table as 

recharge. However, chloride is not taken up through the 
roots of most plants and becomes concentrated by 
evapotranspiration in the root zone (Allison and others, 
1994, p. 8). Ideally (Wood, 1999, p. 3), the steady-state 
profile of chloride concentration with depth should 
show concentrations increasing gradually from land 
surface to a maximum concentration near a depth not 
affected by evapotranspiration. Beneath the point of 
maximum concentration and above the water table, 
chloride concentrations should have a relatively con
stant value that is related to the rate of recharge. Esti
mates made for this report also include recharge from 
water applied for irrigation. 

The rate of recharge may be calculated from the 
chloride concentration in pore water above the water 
table, the chloride concentration of precipitation 
(including wet fall and dry fall), and the chloride con
centration of irrigation water, using the equation modi
fied from Allison and others ( 1994, p. 9): 

(3) 

where qw is the recharge rate, in feet per year; 

C0 is chloride concentration of precipitation, in 

milligrams per liter; 
P is the rate of precipitation, in feet per year; 

Ci is the chloride concentration of irrigation 
water, in milligrams per liter; 

I is the rate of irrigation, in feet per year; and 
Cpw is average chloride concentration of pore 

water, in milligrams per liter. 
Important assumptions made in application of 

equation 3 are that (1) land surface is neither aggrading 
nor degrading; (2) atmospheric deposition (wet fall 
plus dry fall) and chloride added to the soil from irriga
tion are the only sources of chloride and are constant 
through time; (3) the chloride moves with water (negli
gible dispersion) steadily and uniformly downward; 
and ( 4) and pore-water chloride concentrations are in 
equilibrium with the chloride flux at land surface. 

The distribution of chloride in unsaturated sedi
ments seldom is similar to that described above, caus
ing uncertainties in applying the method to actual data. 
For example, precipitation is not constant through time 
as stated in assumption 2. In Carson City, about 70 per
cent of the annual precipitation generally falls from 
November through March and only about I 0 percent 
falls from July through September (Owenby and Ezell, 
1992, p. 15). Chloride from dry-fall deposition accu
mulates on land surface during the summer months 
and is incorporated into early winter precipitation. 
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This, coupled with evapotranspiration during the sum
mer, likely causes a spike in the chloride concentration 
as the accumulated chloride infiltrates. Seasonal 
changes in soil moisture were substantiated by neutron
moisture measurements made at the chloride profile 
sites. The measurements showed that soil moisture was 
depleted during summer months and increased follow
ing late fall and early winter precipitation. Such a 
process could produce multiple peaks in the chloride 
profile, followed by troughs of more dilute water that 
enters the profile later in winter and early spring. Mul
tiple peaks also could be caused by geologic heteroge
neities or macropores that allow faster percolation rates 
through a smaller part of the sediments (McCord and 
others, 1997, p. I229; Wood, 1999, p. 2). Thus, esti
mates of recharge rates could vary depending on 
whether the samples were collected in areas where 
rates were greater than or less than the average rate. 
Results of numerical simulations suggest that unless 
many profiles are used, recharge estimates are accurate 
only within a factor of 3 or 4 (McCord and others, 
1997, p. I238). 

For this study, chloride profiles were measured in 
areas where land use has been constant for at least 
20 years and where land surface is stable; areas where 
surface runoff could alter the mass flux of chloride to 
the soil zone were avoided. Preferential flow through 
macropores, such as animal burrows, root tubes, and 
desiccation cracks, may permit more recharge than 
accounted for by the chloride mass balance method. 
However, in relatively flat, undisturbed landscape, 
such preferential flow is not considered to be a domi
nant recharge process (Phillips, 1994, p. I9). 

Chloride profiles were collected at 16 sites 
(fig. 7). Ten sites are in open areas and six sites are in 
irrigated lawns or pastures. Sites 1 and 5 are outside the 
boundary of the valley floor, but were included to 
obtain data representative of open areas within the 
valley floor boundary but at a higher altitude. Chloride 
samples at site 4 were obtained prior to installation of 
the Silver Oaks golf course and are representative of 
conditions in open areas. Three of the irrigated sites (8, 
9, and I2) are in lawns irrigated by sprinklers with 
municipal water. Although site 9 is shown to be in an 
open area (fig. 7) the site actually is in a park (Mills 
Park). Two of the irrigated sites (7 and 1 0) are in pas
tures flood irrigated by diverting streamflow. Flood 
irrigation at site 7 is frequent and pasture grasses are 
cut annually, whereas at site I 0, flood irrigation is 

infrequent and used only to produce pasture grasses for 
grazing. Lastly, site 2 is in a golf course irrigated by 
sprinklers with treated wastewater effluent. 

Chloride concentrations in the unsaturated zone 
were determined by collecting core samples and deter
mining bulk density, moisture content, and chloride 
concentrations in the laboratory. To obtain soil samples 
at most sites, holes were advanced by driving thin
walled aluminum pipe (2 in. OD) to pre-determined 
depths for soil-core collection. Sediment cores (6 in. x 
I.25 in.) were then collected with a soil-core sampler 
and plastic retaining cylinder and immediately capped 
and sealed with plastic tape. One profile (site 15) was 
collected using a hollow-stem auger and split-spoon 
sediment sampler. Maximum depth of sampling was 
determined by saturated sediment or impenetrable 
material. Bulk density and volumetric moisture content 
of soil cores were determined gravimetrically at the 
USGS laboratory in Carson City, Nev. Chloride con
centrations in core samples were then determined by 
the USGS National Research Program laboratory in 
Reston, Va. Three parts of deionized water were mixed 
with one part of sediment, by weight for each sample, 
and shaken occasionally during a 24-hour period. Chlo
ride concentrations in the extracted water were deter
mined using ion chromatography (Warren W. Wood, 
U.S . Geological Survey, written commun., I994). 

Although numerous chloride profiles would be 
ideal, the selected profiles in Eagle Valley provide a 
reasonable comparison between areas of different soil 
types and land use (figs. 8A and B). Chloride profiles 
were generally consistent in open areas (fig. 8A, sites 
I, 4-6, and I3-I6) where the water table is deep. Peak 
concentrations ranged from 50 to I 00 mg/L, with most 
peaks less than 3 ft in depth. Concentrations below 3 ft 
were generally 20 to 50 mg!L and averaged about 
30 mg!L at most sites. 

For sites in saline soils, chloride concentrations 
were much greater where depth to water was 5 to I 0 ft 
or less (fig. 8B, sites 3, I 0, and II). Peak concentra
tions at these sites exceeded I ,000 mg!L. Even though 
site I 0 is infrequently flood-irrigated, its peak is similar 
to the two sites in open areas. These sites are in soils 
described by Candland ( 1979) as saline-alkali affected 
and are coincident with the area of natural ground
water discharge (Worts and Malmberg, 1966, figs. 5 
and 7). Within the area of ground-water discharge, 
the water table is sufficiently shallow that ground water 
is discharged by evaporation from bare soils, or by 

22 Quantity and Chemical Quality of Recharge, and Updated Water Budgets, for the Basin-Fill Aquifer in Eagle Valley, Nevada 



A. SITES IN OPEN AREAS WITH NON-SALINE SOILS 
SITE 1 SITE4 SITE5 

0 I I 0 0 I I 

2 I- > - 2 2 I-

~ 
-

4 f- - 4 4 - -

6 - - 6 6 - -

8 f- - 8 8 - -

10 f- - 10 10 1-- -

12 f-
Depth to water 80-90 feet 

- 12 Depth to water 70-1 00 feet 12 1--
Depth to water 80-90 feet 

w 14 1- 14 14 1-0 - -

Lf 16 I I 16 16 I I 

CI: 0 50 100 150 0 50 100 150 0 50 100 150 ::J 
(f) 

0 
z SITE6 SITE 13 SITE 14 <( 

0 0 0 _J 
I I 

~ 2 2 ( 2 0 1- -
_J 

w 4 4 r- - 4 Ill 

..... 6 6 f- - 6 w 
w 8 8 f- - 8 Ll.. 
z 10 10 1- - 10 

Depth to water 12-25 feet Depth to water 60-65 feet Depth to water 40-50 feet 
I 12 12 f- 12 ..... -

a.. 
w 14 14 f- - 14 0 
w 16 16 I I 16 _J 0 50 100 150 0 50 100 150 0 50 100 150 a.. 
~ 
<( 
(f) 

SITE 15 SITE 16 
0 0 T I 

2 2 1- ( -

4 4 1- -

6 6 f- -

8 8 r- -

10 10 1- -

12 Depth to water 60-65 feet 
12 r-

Depth to water 40-50 feet 
-

14 14 r- -

16 16 I I 

0 50 100 150 0 50 100 150 

CHLORIDE CONCENTRATION IN PORE WATER, IN MILLIGRAMS PER LITER 

Figure 8. Distribution of soil chloride at (A) sites in open areas with non-saline soils, and (B) sites in saline soils 
and irrigated areas, Eagle Valley, Nevada. Location of sites shown in figure 7. 
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SITE3 
OPEN AREAS 

0 
SITE 11 

Depth to water 8-10 feet 

1,000 2,000 

SITES 

Depth to water 8-11 feet 

20 40 60 

FLOOD IRRIGATED PASTURE 
SITE? 

2 

4 

6 

8 

0 

2 

4 

6 

8 

Depth to water 5-1 0 feet 

1,000 2,000 

SITES IN IRRIGATED LAWNS 

SITE9 

20 40 60 

GOLF COURSE 
SITE2 

4 · 

6 

Depth to water 7-17 feet 

8 

20 40 60 

FLOOD IRRIGATED PASTURE 

0 
SITE 10 

I 

-

4 t- -

6 t- -

Depth to water 2-6 feet 

8 t- -

10 ~~~~~~~~~~~ 
0 1 ,000 2,000 

SITE 12 
0 

2 

4 

6 
Depth to water 6D-65 feet 

8 

CHLORIDE CONCENTRATION IN PORE WATER, IN MILLIGRAMS PER LITER 

Figure 8. Continued. 
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transpiration of phreatophytes, and chloride likely 
accumulates in the capillary fringe to produce the high 
concentrations. 

Chloride profiles in sediments beneath irrigated 
lawns (fig. 8B, sites 8, 9, and 12), have peak concentra
tions of 50 mg/L or less and most concentrations are 
between 10 and 20 mg/L. The chloride profile beneath 
a heavily irrigated pasture (site 7) has a peak concentra
tion of only 30 mg/L and most concentrations are less 
than 10 mg/L. Finally, the chloride profile in a golf 
course irrigated with treated effluent (site 2), shows the 
greatest variability with concentrations ranging from 
20 to 80 mg/L from 2 to 5 ft in depth, and concentra
tions ranging from 100 to 300 mg/L from 5 to 10 ft in 
depth. This variability could be caused by the relatively 
high chloride concentration in treated effluent applied 
during summer months followed by low concentrations 
in precipitation during winter months. 

The high chloride concentrations in areas of 
saline soils (sites 3, 10, and 11 ), suggest that recharge 
from precipitation and infrequent flood irrigation is 
minimal compared with ground-water discharge. When 
soils were mapped, much of the urban area of Carson 
City may have been over saline soils (Candland, 1979, 
p. 11) and these soils could not be completely mapped. 
The location of saline soils that were mapped by Cand
land ( 1979) coincides closely with areas of phreato
phytes and depth to water of less than 5 ft, as shown by 
Worts and Malmberg ( 1966, figs. 5 and 7) in 1964. The 
extent of phreatophytes mapped in 1964 was used to 
approximate the boundary of saline soils where they 
were not mapped by Candland to produce the distribu
tion shown by diagonal hachures in figure 7. Sites 7-9 
are in areas that may have had saline soils, but presently 
do not. Accumulated salts in soils at these sites may 
have been flushed out by frequent irrigation. On the 
basis of the chloride profiles, no recharge was calcu
lated for open areas or infrequently flooded pastures 
that coincide with saline soils, whereas, recharge was 
assumed beneath lawns and heavily irrigated pastures. 

Estimates of the recharge rate at sites not in open 
areas with saline soils are summarized in table 5. Aver
age precipitation on the valley floor of 10 in/yr was 
used for all locations except site 5, where Arteaga and 
Durbin (1979, p. 16) show an average precipitation of 
about 14 in/yr. A value of 0.4 mg/L was used for the 
chloride concentration of precipitation. This value is an 
average obtained from 74 sampling sites in Nevada 
(Dettinger, 1989, p. 63) and from 24 sites near Reno, 
Nev. (Berger and others, 1997, p. 46). Rates at which 

water was applied for irrigation and the chloride con
centration of irrigation water were obtained from 
records of the Carson City Utilities Department (Tom 
Hoffert, Kelvin Ikehara, Kyle Menath, written and oral 
communs., 1998) and from samples obtained for this 
study (Bostic and others, 1997, p. 507; Bonner and oth
ers, 1998, p. 518). Because of the uncertainties in appli
cation of the method discussed above, the range in 
recharge rates obtained for sites on open and irrigated 
areas was used to obtain a range in recharge on the val
ley floor beneath similar types of land use. 

The amount of time for chloride to accumulate 
above a given depth may be estimated from the total 
mass of chloride measured in soils above that depth, 
divided by the average rate of chloride deposition at 
land surface. Using the values of 10 in. for average 
annual precipitation and 0.4 mg/L for the average chlo
ride concentration, an average of 21 years is required to 
accumulate the amount of chloride measured in the 
uppermost 5 ft of sediments at sites in open areas with 
non-saline soils. This indicates that using the 30-year 
average for annual precipitation is reasonable in calcu
lating an average recharge rate at these sites. A similar 
calculation for sites receiving irrigation water in addi
tion to precipitation results in accumulation of the mea
sured chloride in about 2 years. This suggests that in 
areas with saline soils, irrigation may quickly flush 
accumulated salts to the water table and that recharge 
rates during years of above-normal precipitation may 
be greater than that calculated using a long-term aver
age precipitation. 

Recharge rates for open areas range from 0.006 to 
0.016 ft/yr (table 5). Applying this range to 5,500 acres 
with non-saline soils listed in table 4 results in a quan
tity ranging from about 30 to 90 acre-ft/yr (table 6). 
Using the long-term average precipitation of about 10 
in. on the valley floor and the estimated rates of irriga
tion, recharge rates for irrigated lawns (sites 8, 9, and 
12) range from 0.35 to 0.97 ft/yr. This results in a quan
tity ranging from about 800 to 2,300 acre-ft/yr for 
2,400 acres of lawns (table 6). For 1995-98 when pre
cipitation was 140 percent of normal, estimated 
recharge rates for irrigated lawns increased slightly, 
ranging from 0.40 to 0.98 ft/yr (table 5), which resulted 
in recharge of 960 to about 2,400 acre-ft/yr (table 6). 
A recharge rate of 1.9 ft/yr was obtained for the golf 
course irrigated with treated effluent (site 2), resulting 
in a volume of 600 acre-ft/yr from 320 acres of golf 
courses (table 6). 
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Table 5. Chloride concentration of pore water, precipitation, and irrigation water; rates of precipitation and 
irrigation; and estimates of recharge rates from selected soil-chloride profiles 

Chloride concentration Average Average 
Site number (milligrams per liter) Average annual 

annual annual 
(fig. 7) precipitation 8 

Irrigation recharge rate b Precip- Irrigation (feet) Pore waterc 
itation d water (feet) (feet) 

Open areas 

57 0.4 0.83 0.006 

4 29 .4 .83 .011 

5 29 .4 1.2 .016 

6 27 .4 .83 .013 

13 39 .4 .83 .012 

14 35 .4 .83 .010 

15 25 .4 .83 .013 

16 43 .4 .83 .009 

Irrigated lawns or pasture 

2 e 120 .4 65 .83 (1.16) 3.4 1.9 (1.9) 

7 f 7.8 .4 .34 .83 (I .16) 2.3-9.0 .14-.43 (.16-.45) 

8 g 13 .4 3.5 .83 (1.16) 3.5 .97 (.98) 

9g 15 .4 3.5 .83 (1.16) 2.0 .49 (.50) 

12 h 23 .4 3.5 .83 (1.16) 2.5 .35 (.40) 

a From precipitation map by Arteaga and Durbin (1979, p. 16); average precipitation on floor of Eagle Valley is 10 in. (0.83 ft); at site 5, 
average is 14 in. ( 1.2 ft). Value in parentheses is average precipitation during 1995-98 ( 140 percent of normal). 

b Recharge rate is calculated from equation 3 in text. Equals chloride concentration of precipitation times rate of precipitation, plus chloride 
concentration of irrigation water times rate of irrigation, divided by chloride concentration of pore water. Values in parentheses from average 
precipitation during 1995-98. 

c Average chloride concentration in profile. 

d From Dettinger (1989, p. 63) and Berger and others (1997, p. 46). 

e Golf course irrigated with treated effluent. Chloride concentration of effluent is average of 13 samples taken during 1988-98 (Kelvin 
Ikehara, Carson City Utilities Department, oral commun., 1998). Irrigation rate is average annual use at Eagle Valley Golf Course, 700 acre-ft/yr 
during 1994-98 (Kyle Menath, Carson City Utilities Department, written commun., 1998), divided by area of golf course, 206 acres. 

f Pasture irrigated with diverted streamflow from Ash Canyon Creek. Chloride concentration of irrigation water is average concentration of 
streamflow during summer months of 1996-97 (Bostic and others, 1997, p. 507; Bonner and others 1998, p. 518). Range for irrigation rates 
determined from single measurement of loss on field, 2.3 ft measured July 31, 1998, and from maximum rate allowed by Alpine Decree, 9 ft (U.S. 
District Court, Nevada, 1980, p. 3). 

g Chloride concentration of lawn-irrigation water is average concentration of municipal supply based on 35 samples taken from 27 points 
of delivery during 1981-97 (Tom Hoffert, Carson City Utilities Department, written commun., 1998). Irrigation rate determined from April 
through November 1998 (Scott Fahrenbruch, Carson City Parks and Recreation Department, written commun., 1998). 

h Chloride concentration of lawn irrigation water is average concentration of municipal supply based on 35 samples taken from 27 points of 
delivery during 1981-97 (Tom Hoffert, Carson City Utilities Department, written commun., 1998). Irrigation rate based on difference between 
summer and winter water use for Carson City, 1994-97 (Tom Hoffert, Carson City Utilities Department, written commun., 1998), 5,300 acre-ft; 
divided by total area of lawns, 2,400 acres (table 4). 
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Table 6. Summary of estimated recharge from infiltration of precipitation and water 
applied for irrigation on floor of Eagle Valley 

Source Area 8 Recharge rate b Recharge 
(acres) (feet per year) (acre-feet per year) 

Precipitation on open areas 
(non-saline soils) 5,500 0.006-0.016 30-90 

Irrigation of lawns 2,400 0.35-0.97 800-2,300 
(0.40-0.98) c (960-2,400)c 

Irrigation of golf courses 320 1.9 600 

a From table 4. 
b From table 5. 

c Values in parentheses from precipitation during 1995-98, 140 percent above normal. 

For irrigated pasture (site 7), a range in irrigation 
rate was used that was based on a single measurement 
of irrigation rate for the field on July 31, 1998, and on 
application rates of 6 to 9 ft/yr allowed by the Alpine 
Decree (U.S. District Court, Nevada, 1980, p. 3). Mea
surement of the actual application rate for the field was 
difficult as inflow to and outflow from the field was 
spread over diffuse areas and could not be measured. 
For this site, a range in recharge rates from 0.14 to 
0.43 ft/yr was calculated assuming long-term average 
annual precipitation, and a range from 0.16 to 0.45 was 
calculated assuming average precipitation for 1995-98. 
Applying the ranges to 220 acres of heavily irrigated 
pasture, recharge of 30-95 acre-ft/yr was estimated 
using long-term average precipitation and from about 
40-100 acre-ft/yr using average precipitation during 
1995-98. These volumes are lower than those estimated 
from stream losses (1 ,000 to 1,700 acre-ft/yr) from 
Kings Canyon and Ash Canyon Creeks (see section 
titled "Infiltration of Streamflow"). The stream losses, 
however, include losses from stream channels and irri
gation ditches. For this reason, the volume determined 
from streamflow measurements was used for the esti
mate of recharge from heavily irrigated pastures. 

WATER BUDGETS 

Two water budgets were developed for the floor 
of Eagle Valley using compiled data and estimates of 
water-budget components presented in this report. 
Both budgets are for the area of the valley floor overly
ing the basin-fill aquifer (fig. 4). The first budget is an 
overall water budget of all water entering or leaving 
the valley floor. The second budget is a ground-water 
budget for all sources of recharge and inflow to, or 
discharge and outflow from the basin-fill aquifer 
underlying the valley floor. 

Much of the data used for estimates of water
budget components were collected during the relatively 
wet years of 1995-98. During the calendar years 1995-
98, annual precipitation recorded on the floor of Eagle 
Valley averaged 15.28 in. (National Climate Center, 
1996-98, Gary Barbato, National Weather Service, oral 
commun., 1999), about 140 percent of the normal 
10.87 in. for 1961-90. During 1995-98, streamflow 
from the surrounding mountains increased, and water 
levels near the mouths of watersheds tributary to Eagle 
Valley rose, increasing the amount of subsurface 
inflow. For these reasons, water budgets are presented 
for the 1995-98 period, along with estimated average 
conditions for comparison. 

In the following sections, estimates of average 
flow for gaged streams have been adjusted to a com
mon, long-term period of record based on the recorded 
streamflow of the West Fork Carson River at Wood
fords, Calif. (period of record October 1900 to May 
1907, 1910-11, and October 1938 through September 
1998). Long-term average flow for each stream was 
calculated by multiplying the average flow for the 
period of record by the ratio of ( 1) the long-term aver
age flow of the West Fork Carson River to (2) average 
flow of West Fork Carson River during the same 
period, as described previously. The ratios were 0.92 
for Eagle Valley creek (period of record unaffected by 
treated effluent, 1988-98) and Clear Creek (period of 
record 1949-62 and 1990-98), 0.99 for Kings Canyon 
and Ash Canyon Creeks (periods of record 1977-98), 
and 1.002 for North Kings Canyon diversion (period of 
record 1990-98). Most ratios were nearly one, as the 
wet years of 1995-98 offset the effect of the drought 
during 1987-94. 
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Overall Water Budget 

Sources of inflow for the overall water budget are 
streamflow and subsurface inflow from the surround
ing mountains, precipitation on the valley floor, water 
imported from the Dayton and Carson Valley Hydro
graphic Areas and from Marlette-Hobart Lakes, and 
treated effluent imported from Brunswick reservoir for 
irrigation of the Silver Oaks golf course (table 7). Out
flow consists of surface-water and subsurface outflow 
leaving the valley floor, treated effluent exported to 
Brunswick reservoir, and water discharged to the atmo
sphere by evapotranspiration. Discharge by evapo
transpiration was not directly measured in this study; 
instead, it was estimated from the difference between 
inflow and outflow and from independent estimates of 
evapotranspiration rates. Water imported from outside 
Eagle Valley and the water imported to and exported 
from Brunswick reservoir are not directly related to the 
amount of annual precipitation, but depend on current 
water-management practices. For this reason, volumes 
estimated for these sources for 1995-98 also are used 
for average conditions. 

Maurer and Berger (1997, p. 33) estimated aver
age annual streamflow from the mountains surrounding 
Eagle Valley to be 8,700 acre-ft/yr on the basis of avail
able records to 1995 and adjusted to the long-term 
record of the West Fork Carson River at Woodfords, 
Calif., as of 1995. The 8,700 acre-ft/yr include 7,800 
acre-ft/yr from the perennial streams draining Clear 
Creek, Kings Canyon, and Ash Canyon watersheds~ 
and 900 acre-ft/yr from ephemeral streams draining the 
remaining watersheds. Streamflow from watersheds 
having perennial streams was directly measured using 
continuous-recording gaging stations. The remaining 
ephemeral streamflow was estimated using a method 
developed by Moore (1968, p. 33), which, when 
applied to gaged watersheds, provided a reasonable 
estimate of average annual streamflow (Maurer and 
Berger, 1997, p. 32). 

As described in the section titled "Infiltration of 
Streamflow," the combined gaged flow of perennial 
streams draining the Clear Creek, Kings Canyon, and 
Ash Canyon watersheds was 13,000 acre-ft/yr for 
1995-98, about 140 percent of the long-term average 
(9,000 acre-ft/yr). Ephemeral streamflow gaged at 
Vicee Canyon was 47 acre-ft during 1994 (Clary and 
others, 1995, p. 212) and was 134 acre-ft/yr during 
1996 (Bostic and others, 1997, p. 17 4 ); an increase of 
285 percent. For comparison, flow of Ash Canyon 

increased from 646 acre-ft in 1994 (Clary and others, 
1995, p. 211) to 1,967 acre-ft in 1996 (Bostic and oth
ers, 1997, p. 173 ); an increase of 300 percent. This sug
gests that ephemeral streamflow varies similarly to 
perennial streamflow. Assuming that the flow of all 
ephemeral streams increased during 1995-98, ephem
eral streamflow was 140 percent of the average 900 
acre-ft/yr, or about 1,300 acre-ft/yr. Thus, the annual 
quantity of streamflow entering the floor of Eagle Val
ley during 1995-98 was about 14,000 acre-ft/yr, and 
average streamflow is about 9,900 acre-ft/yr (table 7). 

For comparison, during the last years of an 
extended drought ( 1990-94 ), average flow of the peren
nial streams was 4,000 acre-ft/yr, as calculated from 
data published by the U.S. Geological Survey (1991-
95), or about 40 percent of average. Assuming that 
ephemeral streamflow decreased by the same amount, 
ephemeral flow was about 400 acre-ft/yr during 1990-
94, and total streamflow into Eagle Valley was only 
about 4,400 acre-ft/yr. Thus, from 1990-94 to 1995-98, 
the total annual streamflow into Eagle Valley also var
ied by more than 300 percent. 

Water imported from the Marlette-Hobart water 
system is metered by the State of Nevada, and water 
imported from the Dayton Valley and Carson Valley 
Hydrographic Areas along with inflow and outflow of 
treated sewage effluent is metered by Carson City Util
ities Department. During 1995-98, the average quanti
ties imported were 3,400 acre-ft/yr from Dayton and 
Carson Valleys and 1, 1 00 acre-ft/yr from the Marlette
Hobart system (Tom Hoffert, Carson City Utilities 
Department, written communs., 1997 -99). About 400 
acre-ft/yr of treated effluent was applied for irrigation 
of Silver Oaks golf course in 1998 (Kyle Menath, 
Carson City Utilities Department, written commun., 
1999). During summer months, Silver Oaks golf course 
is supplied largely by effluent imported from Brun
swick reservoir (Kelvin Ikehara, Carson City Utilities 
Department, oral commun., 1999). For purposes of the 
overall water budget, all400 acre-ft/yr was estimated 
as imported from the reservoir (table 7). 

Subsurface inflow entering the floor of Eagle 
Valley was previously estimated to range from 3,200 to 
4,400 acre-ft/yr (Maurer and Berger, 1997, p. 33 and 
34). These estimates are based on data collected from 
test holes drilled near the base of the mountains where 
eight watersheds enter the floor of Eagle Valley. The 
eight instrumented watersheds represent about 70 per
cent of the mountain block area. Estimates for the 
remainder of the watersheds were made using the range 
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Table 7. Overall water budget for floor of Eagle Valley, 1995-98 and average conditions 

[All values in acre-feet per year (acre-ft/yr), rounded to two significant figures . Discharge by evapotranspiration and changes in ground-water storage are 
represented by difference between inflow and outflow] 

INFLOW OUTFLOW 

1995-98 Averages 1995-98 Averages 

Surface Water 

Mountain block 14,000b 9,900 c Clear Creek 6,100 d 3,500 e 

Imports from: Eagle Valley creek 4,300 g 2,100 h 

Dayton and Carson Valleys 3,400 f 3,400 

Marlette-Hobart Lakes 1,100 i 1,100 Treated effluent to Brunswick reservoir 3,700 j 3,700 

Treated effluent on golf courses 400k 400 Unnamed creeks 340 I 250m 

Subtotal 19,000 15,000 Subtotal 14,000 9,600 

Subsurface Flow 

Mountain block 4,600° 3,800 ° To Dayton Valley 2,200 p 2,200 

To Carson Valley: 
beneath Clear Creek 400 q 400 
beneath upper part of Clear Creek watershed 2,500 r 2,500 

Subtotal 5,100 5,100 

Precipitation on Valley Floor 

16,000 s 12,000 t 

TOTAL (rounded) 40,000 31,000 TOTAL (rounded) 19,000 15,000 

INFLOW MINUS OUTFLOW 21,000 16,000 

a Average flow of perennial streams adjusted to long-term average of West Fork Carson River at Woodfords, Calif. (period of record October 1900 
to May 1907, 1910-11, and October 1938 through September 1998) by multiplying average flow for period of record at each gage reported by Preissler and 
others ( 1999) by ratio of (I ) long-term average annual flow of West Fork Carson River to (2) average annual flow of West Fork Carson River at Woodfords 
during period of record at each gage. Volumes of imported and exported water and subsurface outflow for average conditions are assumed equal to 1995-
98 rates, except where noted otherwise . 

h Includes average flow of perennial streams, 1995-98 ( 13,000 acre-ft/yr), calculated from data published by U.S. Geological Survey ( 1996-99), plus 
140 percent of average ephemeral streamflow of 900 acre-ft/yr (I ,300 acre-ft/yr). 

c Includes average flow of perennial streams totaling 9,000 acre-ftlyr, plus average ephemeral streamflow of900 acre-ft/yr from Maurer and Berger 
(1997, p. 33). 

d Estimated from flow at gage, 1995-98, and relation shown in figure 5. 
c Estimated from average flow at gage and relation shown in figure 5. 
f Includes I ,600 acre-ft/yr of ground-water pumped in Dayton Valley and Carson Valley Hydrographic Areas, and I ,800 acre-ft/yr of Carson River 

water pumped from induction wells in the Dayton Valley Hydrographic Area. Both values averaged for 1995-98. 
g Average flow at gage, 1995-98, calculated from data published by U.S. Geological Survey (1996-99). 
h Average flow at gage, 1988-98, calculated from data published by U.S. Geological Survey (1989-99) adjusted to long-term average of West Fork 

Carson River at Woodfords, Calif. 
i Imported from Lake Tahoe and Washoe Valley Hydrographic Areas (Tom Hoffert, Carson City Utilities Department, written commun., 1997); 

average for 1995-98. 
j Exported to Dayton Valley Hydrographic Area (Kyle Menath, Carson City Utilities Department, written commun., 1999); average for 1995-98. 
k Imported from Brunswick Reservoir in Dayton Valley Hydrographic Area (Kyle Menath, Carson City Utilities Department, written commun., 1998); 

400 acre-ft/yr to Silver Oaks Golf Course in 1998. 
1 Estimated from relation shown in figure I 0, using flow of Eagle Valley Creek, 1995-98. 
m Estimated from relation shown in figure 10, using average flow of Eagle Valley Creek adjusted to long-term average of West Fork Carson River at 

Woodfords, Calif. 
n Twenty percent greater than average 3,800 acre-ft/yr from range of 3,200-4,400 acre-ft/yr estimated by Maurer and Berger ( 1997, p. 33). 
0 Average from range of 3,200-4,400 acre-ft/yr estimated by Maurer and Berger ( 1997, p. 33). 
P From Maurer ( 1997, p. 31 ). 
4 Estimated using Darcy's Law. 
r Estimated from deficit of water yield from Clear Creek, about 3 in. over the 9,880 acres of watershed (Maurer and Berger, 1997, fig. II a and table 9). 
s Estimated as 140 percent of average II ,500 acre-ft/yr reported by Maurer and Berger ( 1997, p. 33). 
t From Maurer and Berger ( 1997, p. 33) estimate of II ,500 acre-ftlyr using map of Arteaga and Durbin ( 1979, p. 16 ), rounded to 12,000 acre-ft /yr. 
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of subsurface inflow obtained for adjacent instru
mented watersheds with similar geology. Using the 
average of the range in estimates, subsurface inflow 
from the surrounding mountains is about 3,800 acre
ft/yr. 

Since the estimates of subsurface inflow were 
made in 1994 and 1996, water levels near the mouths 
of most of the instrumented watersheds have risen 
about 10ft at sites 1, 3, 6, 8, and 13; and about 30ft at 
site 10 (fig. 9). Water levels in wells drilled in 1994 
rose during 1995, with greater rises at some wells (sites 
8 and 1 0) and lesser rises at others (site 6). Water levels 
in all wells rose rapidly following flooding in January 
1997, with some showing declines during 1998 (sites 1, 
3, and 6). Water levels in wells near Clear Creek (site 
17, figs. 4 and 9) rose only about 1 ft during 1996-98, 
but showed seasonal fluctuations. 

The rise in water levels near the mouths of most 
of the instrumented watersheds increased the saturated 
cross-sectional area of basin-fill sediments through 
which subsurface inflow takes place. Using water 
levels measured in 1998, estimates of the saturated 
cross-sectional area at Kings Canyon, Ash Canyon, and 
Vicee Canyon increased by 10 to 20 percent compared 
with that estimated in 1994 by Maurer and others 
( 1996, p. 30), while the saturated cross-sectional area 
at the other five instrumented watersheds increased 
from 11 to 28 percent compared with that estimated in 
1996 by Maurer and Berger ( 1997, p. 18 and 19). Over
all, saturated cross-sectional areas in the instrumented 
watersheds increased by an average of about 20 per
cent, however, the hydraulic gradients were approxi
mately the same. The previous estimates of subsurface 
inflow were made using Darcy's Law, which states that 
flow is proportional to the saturated cross-sectional 
area through which flow takes place. Thus, subsurface 
inflow from the instrumented watersheds also 
increased by about 20 percent. Assuming that this 
average is applicable to all watersheds tributary to 
Eagle Valley, subsurface inflow for 1995-98 was about 
20 percent greater than the average 3,800 acre-ft/yr 
estimated by Maurer and Berger (1997, p. 33), or about 
4,600 acre-ft/yr (table 7). The 3,800 acre-ft/yr of sub
surface inflow estimated by Maurer and Berger ( 1997, 
p. 33) is probably representative of average to dry con
ditions (table 7). 

The relatively small increase (20 percent) in esti
mates of subsurface inflow from the end of extended 
drought to above-normal precipitation shows that sub
surface inflow to the valley floor is relatively constant 

over time compared to the large variation in streamflow 
from the mountains. Using the estimates above, total 
inflow from the mountains, including streamflow and 
subsurface inflow, varied from about 8,200 acre-ft/yr 
during dry conditions, to 13,700 acre-ft/yr during aver
age conditions, to 18,900 acre-ft/yr during wet condi
tions. 

Using the map by Arteaga and Durbin (1979, 
p. 16) annual precipitation on the valley floor was 
estimated to be 11,500 acre-ft/yr, rounded to 12,000 
acre-ft/yr on table 7 (Maurer and Berger, 1997, p. 33). 
During the wet years of 1995-98, annual precipitation 
increased by about 140 percent, as discussed previ
ously in this section. Assuming precipitation increased 
equally over the valley floor, precipitation for 1995-98 
totaled about 16,000 acre-ft/yr (table 7). 

The total inflow to the floor of Eagle Valley dur
ing 1995-98 was about 40,000 (table 7). During aver
age conditions, total inflow is about 31,000 acre-ft/yr. 

During 1995-98, streamflow out of the valley 
floor from Clear Creek, Eagle Valley creek, unnamed 
creeks north of Eagle Valley creek, and effluent 
exported to Brunswick reservoir, were estimated to 
total about 14,000 acre-ft/yr (table 7). During average 
conditions, outflow from these sources is about 9,600 
acre-ft/yr. 

In the section titled "Infiltration of Streamflow," 
outflow from Clear Creek was estimated to be 6,100 
acre-ftlyr during 1995-98, and 3,500 acre-ft/yr during 
average conditions. Outflow in Eagle Valley creek is 
gaged (site 18, fig. 4), with an average flow during 
1995-98 of 4,300 acre-ft/yr calculated from data pub
lished by the U.S. Geological Survey (1996-99). For 
years of record at the gage, excluding 1985-87 when 
flow in Eagle Valley creek included treated effluent, 
average flow calculated from data published by the 
U.S. Geological Survey (1988-99) and adjusted to the 
long-term record of West Fork Carson River at Wood
fords, Calif., is 2,100 acre-ft/yr. 

Total outflow of the unnamed creeks north of 
Eagle Valley creek (sites 19 and 20, fig. 4) was approx
imated from two streamflow measurements compared 
with gaged flow of Eagle Valley creek at the same date 
and time (fig. 1 0). Assuming that the relation between 
instantaneous flows at both sites is similar to average 
annual flow as suggested by Riggs ( 1969), the average 
annual flow of Eagle Valley creek for 1995-98, 4,300 
acre-ft/yr (6.0 ft3/s) corresponds to a flow of0.47 ft3/s, 
or about 340 acre-ft/yr (table 7) for the unnamed creeks 
for 1995-98. Similarly, flow for average conditions can 
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Figure 9. Changes in water levels at wells near the mouths of selected watersheds tributary to Eagle Valley, 
Nevada, 1994-98. Locations of sites shown in figure 4. 
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be estimated from figure 10. The averafe annual flow 
for 1988-98 of 2,100 acre-ft/yr (2.91 ft /s) for Eagle 
Valley creek corresponds to flow of 0.35 ft3 Is, or 250 
acre-ft/yr (table 7). Exportation of treated effluent to 
Brunswick reservoir averaged 3,700 acre-ft/yr for 
1995-98 (table 7; Kyle Menath, Carson City Utilities 
Department, Wastewater Reclamation Plant, written 
commun., 1999). 

Subsurface outflow from the hydrographic area 
beneath the valley floor has been reported eastward 
toward the Dayton Valley Hydrographic Area north of 
Prison Hill, and southeastward toward the Carson 
Valley Hydrographic Area beneath Clear Creek (Worts 
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and Malmberg, 1966, p. 11; Arteaga, 1986, p. 8; 
Maurer, 1997, p. 31). Water-level rises on the valley 
floor during the wet years of 1995-98 were generally 
about 5-10ft (fig. 3). Because this amount is a small 
proportion of the total saturated thickness of basin-fill 
aquifers in areas of subsurface outflow, changes in sub
surface outflow from wet years to average or dry con
ditions are probably minimal and the same quantities 
were used for water budget estimates for 1995-98 and 
average conditions. 

Previous estimates of subsurface outflow to the 
Dayton Valley Hydrographic Area north of Prison Hill 
ranged from 700 acre-ft/yr (Arteaga, 1986, p. 31) to 

Average flow 
1995-98 

8 10 12 14 

STREAMFLOW AT EAGLE VALLEY CREEK (STATION 1 0311300), 
IN CUBIC FEET PER SECOND 

Figure 10. Relation between streamflow of Eagle Valley creek near Carson City (site 18, 
fig. 4) and total streamflow of unnamed creeks north of Eagle Valley creek, Eagle Valley, 
Nevada (sites 19 and 20, fig. 4). Average flow for 1995-98, average flow for 1988-98 
adjusted to long-term, and base flows are shown. 
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2,200 acre-ft/yr (Maurer, 1997, p. 31 ). The lower esti
mate was based on a numerical ground-water flow 
model of Eagle Valley, whereas the higher estimate was 
determined from measured hydraulic gradients and 
hydrogeologic data from six deep wells. The quantity 
of2,200 acre-ft/yr was used because it incorporated the 
most current information. 

Previous estimates of subsurface outflow to the 
Carson Valley Hydrographic Area beneath Clear Creek 
ranged from 600 acre-ft/yr (Worts and Malmberg, 
1966, p. 29) to I ,200 acre-ft/yr (Arteaga and Durbin, 
1979, p. 32). Since these estimates were made, deep 
wells have been drilled near the hydrographic-area 
boundary near Clear Creek that provide data for a 
refined estimate of the subsurface outflow. 

Lithologic and hydrologic data from the wells and 
measurement of the hydraulic gradient during this 
study were used with Darcy's Law to estimate subsur
face flow beneath Clear Creek. Darcy's Law as modi
fied from Heath (1989, p. 12) can be expressed as: 

Q = 0.0084KA( dhldl), (4) 

where Q is the quantity of ground-water flow, in acre
feet per year; 

K is hydraulic conductivity, in feet per day; 
A is the cross-sectional area through which flow 

occurs, perpendicular to the direction of 
flow, in square feet; 

( dhldl) is the hydraulic gradient in foot per foot; and 
0.0084 is the factor to convert cubic feet per day to 

acre-feet per year. 
Water-level measurements from three wells near 

the hydrographic-area boundary, Shultz, Stewart #1, 
and Prison wells, show that the hydraulic gradient is 
about 115 degrees from true north, parallel to Clear 
Creek, at 0.012 ft/ft (fig. 11A). This ground-water flow 
direction is similar to that determined by Worts and 
Malmberg ( 1966, fig. 4 ), who show water-level con
tours perpendicular to Clear Creek in 1964. 

A cross section perpendicular to ground-water 
flow direction was developed using mapped exposures 
of granitic bedrock and lithologic descriptions from 
drillers' logs (fig. liB). Exposures of granitic bedrock 
were mapped by the authors northeast and southwest of 
Clear Creek (fig. 11A). The exposure northeast of Clear 
Creek is near the southern end of the mapped location 
of lndiano Variant and Prey soils (Candland, 1979, 
sheets 2 and 4). Indiano Variant soils are characterized 
by bedrock at depths of 29 in. (Candland, 1979, p. 25), 
and the bedrock outcrop is within the mapped extent of 

Prey soils. Because a detailed geologic map for that 
area is not available, the mapped extent of Indiano 
Variant and Prey soils was used to approximate the 
location of near-surface consolidated rocks northeast of 
Clear Creek (fig. ItA). A detailed geologic map by 
Pease ( 1980) does not include granitic bedrock expo
sures mapped southwest of Clear Creek. However, the 
exposures were recognized by Worts and Malmberg 
( 1966, fig. 4) who mapped consolidated rocks south
west of Clear Creek. Their map of granitic bedrock was 
used for figure 11 A. 

Lithologic descriptions from drillers' logs show 
that the depth to granitic bedrock is about 250 ft below 
land surface near Stewart #3 well, 280 {t near Speed
way #3 well, and 513 ft at the Schultz well (fig. liB; 
Nevada drillers' log numbers 10351, 47199, and 
37781, respectively). Descriptions of the granitic rocks 
in the drillers' logs suggest that they are solid, granitic 
bedrock and ground-water flow through them is 
probably minimal. The area of saturated basin-fill 
sediments beneath the cross section was estimated to 
be 1 ,296,000 ft2. 

The hydraulic conductivity and transmissivity of 
basin-fill sediments near the cross section have been 
estimated by Arteaga ( 1986) and Johnson and others 
(1996). Values of hydraulic conductivity reported near 
the cross section by Arteaga ( 1986, p. 29) ranged from 
0.4 to 5.2 ft/d. Transmissivities of 3,400, 3,600, and 
9,200 galld/ft for three wells near the cross section 
were reported by Johnson and others (1996, p. 3-26). 
Transforming the values to units of square feet per day 
and dividing by the perforated interval of the wells, 
results in hydraulic conductivities of 3.2, 3.0, and 3.2 
ft/d, respectively. Using the hydraulic gradient of0.012 
ft/ft, an area of 1,296,000 ft2, hydraulic conductivity of 
3 ft/d, and equation 1, subsurface outflow through the 
cross section is about 400 acre-ft/yr (table 7). 

In addition, ground water may flow out of the 
hydrographic area across the southern boundary of the 
Clear Creek watershed. Maurer and Berger ( 1997, p. 
34) note that water yield estimated at the mouth of the 
Clear Creek watershed is less than that predicted from 
a relation between mean annual precipitation and water 
yield for eight watersheds instrumented in Eagle Val
ley. They suggest that the deficit could be caused in part 
by subsurface outflow from the upper part of the Clear 
Creek watershed moving southward towards Carson 
Valley. The deficit in water yield, about 3 in. over the 
9,880 acres of the watershed (Maurer and Berger, 1997, 
fig. 11 a, and table 9), amounts to about 2,500 acre-ft/yr. 
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Figure 11. (A) Surficial geology! location of hydrogeologic section and wells used to determine hydraulic 
gradient, and hydraulic gradient, and (B) hydrogeologic section showing water table in basin-fill sediments and 
bedrock, near southeast boundary of Eagle Valley Hydrographic Area. 
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This ground-water flow has not been confirmed; 
however, the volume of 2,500 acre-ft/yr was used to 
account for all potential subsurface flow out of Eagle 
Valley, which totals 5,100 acre-ft/yr (table 7). 

Outflow from beneath the floor of Eagle Valley 
was estimated at about 19,000 acre-ft/yr during 1995-
98, and about 15,000 acre-ft/yr for average conditions 
(table 7). The difference between inflow and outflow 
was about 21 ,000 acre-ft/yr for 1995-98 and 16,000 
acre-ft/yr for average conditions (table 7). These differ
ences represent discharge by evapotranspiration 
for average conditions and evapotranspiration and 
increases in ground-water storage for 1995-98, which 
have not been accounted for. As discussed previously, 
during 1995-98 water levels rose about 5-10ft (fig. 3) 
showing an increase in ground-water storage in 
response to wet conditions. Under average conditions, 
the ground-water system appears to have adjusted to 
the stresses of municipal pumping, and annual long
term changes in ground-water storage are generally 
small. 

Independent estimates of evapotranspiration can 
be used to show if estimates for the other components 
of the average overall water budget are reasonable. 
Water is lost to evapotranspiration from lawns, xero
phytic plants such as sagebrush and bitterbrush, irri
gated pastures, and phreatophytic vegetation such as 
greasewood and rabbitbrush (table 8). Evapotranspira-

tion rates for these types of vegetation are not precisely 
known but can be estimated from available data and 
rates reported in the literature. 

Seasonal variation of water use in Eagle Valley 
during 1994-97 (Tom Hoffert, Carson City Utilities 
Department, written commun., 1998) indicated that 
lawn irrigation from May through September averaged 
about 5,300 acre-ft/yr. From 800 to 2,300 acre-ft/yr has 
been estimated to recharge the water table beneath 
lawns for average conditions (table 6). The remaining 
3,000-4,500 acre-ft/yr was lost to evapotranspiration 
(table 8). Similarly, water consumed by lawns on golf 
courses can be estimated as the difference between the 
volume of treated effluent applied to golf courses, 
1,100 acre-ft/yr (Kyle Menath, Carson City Utilities 
Department, written commun., 1998), and the estimate 
of recharge, 600 acre-ft/yr (table 6), resulting in con
sumption of 500 acre-ft/yr (table 8). 

Annual consumptive use by xerophytic vegeta
tion in Paradise Valley, Nev., was estimated to be 0.75 
ft/yr (Loeltz and others, 1949, p. 35). Estimates of 
water yield from watersheds tributary to Eagle Valley 
(Maurer and Berger, 1997, p. 33) allow similar esti
mates of consumptive use, ranging from 0.67 to 1.04 
ft/yr for low-altitude watersheds with xerophytic vege
tation like that on open areas on the floor of Eagle 
Valley. The area of the valley floor covered by xero
phytic vegetation is approximated by the area of open 

Table 8. Estimates of evapotranspiration from different types of land use on the floor of Eagle Valley 

Land-use type 
Area 8 Evapotranspiration rate Consumptive use 
(acres) (feet per year) (acre-feet per year) 

Lawns 2,400 1.3-1.9 b 3,000-4,500 c 

Golf courses 320 1.6b 500 d 

Open land, xerophytic vegetation 5,500 e 0.67-1.04 f 3,700-5,700 

Pastures 650 1.0-1.5 g 650-980 

Open land-phyreatophytic vegetation 1,100 h 0.3-0.8 i 330-880 

Total discharge, rounded 8,000-13,000 

a From table 4 . 

° Calculated by dividing estimated discharge by area. 
c Estimated from average amount of summer water use May-September 1994-97, minus recharge estimated from soil-chloride 

profiles (table 6). 
d Estimated from average amount of applied effluent, 1994-97, minus recharge estimated from soil-chloride profiles. 
e Open land, non-saline soils from table 4 . 
f Calculated from estimates of precipitation and water yield for low-altitude watersheds tributary to Eagle Valley (Maurer and 

Berger, 1997, p. 33). 
g Worts and Malmberg (1966, p. 27). 

h Open land, saline soils from table 4. 
i Low-range rate from Worts and Malmberg ( 1966, p. 27); high-range rate from Nichols ( 1994, p. 3271 ). 
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land with non-saline soils (about 5,500 acres, table 4). 
Applying the range of 0.67 to 1.04 ft/yr to this area 
results in consumption of about 3,700 to 5,700 acre
ft/yr (table 8). Water consumed by vegetation on 650 
acres of irrigated pastures (table 4) can be estimated by 
applying a range in rates of 1.0 -1.5 ft/yr (Worts and 
Malmberg, 1966, p. 27) for meadow grasses and sub
irrigated pastures, resulting in 650-980 acre-ft/yr 
(table 8). 

Remaining areas covered by phreatophytes in 
Eagle Valley have not been mapped, but can be approx
imated by the area of open land having saline soils 
indicative of ground-water discharge-about 1,100 
acres (table 4). Worts and Malmberg (1966, p. 27) used 
a rate of 0.3 ft/yr for discharge by rabbitbrush and 
grease wood. Nichols ( I994, p. 3271) estimated that 
transpiration by phreatophytes was 0.8 ft/yr where 
depth to water was 5 ft below land surface. Using these 
rates, evapotranspiration by phreatophytes could range 
from 330 to 880 acre-ft/yr (table 8). 

Discharge by evapotranspiration from all sources 
ranges from 8,000 to 13,000 acre-ft/yr (table 8). The 
higher quantity is close to the difference between 
inflow and outflow for average conditions ( 16,000 
acre-ft/yr, table 7). The discrepancy of 3,000 acre-ft/yr 
is about 20 percent of the total discharge and could be 
caused by inaccuracies of estimates for water-budget 
components or estimates of evapotranspiration. 

The accuracy of the overall water budget for 
I995-98 can be checked using an independent estimate 
of the changes in ground-water storage for that period. 
The increase in ground-water storage from 1995-98 
can be approximated by subtracting the estimated 
evapotranspiration for average conditions (16,000 
acre-ft/yr) from the difference between inflow and out
flow (21,000 acre-ft/yr) resulting in 5,000 acre-ft/yr. 
The change in ground-water storage also can be 
approximated from observed rises in the water table 
from I995-98, multiplied by the area of the valley 
floor, and the result multiplied by the average specific 
yield of the basin-fill aquifer materials. In general, the 
water levels rose 5-I 0 ft beneath the I3,600 acres of the 
valley floor (fig. 3, table 4), and sediments beneath the 
valley floor have an average specific yield of O.I5 
(Worts and Malmberg, I966, p. 1I ). The calculated 
change in ground-water storage ranged from 10,200 to 
20,400 acre-ft over the 4-year period, or 2,600 to 5,I 00 
acre-ft/yr. The higher quantity is similar to that esti
mated from the difference between inflow and outflow 

during I995-98 minus estimated evapotranspiration, 
showing that estimates of water-budget components 
are reasonable. 

For average conditions and for 1995-98, water
budget components of greatest uncertainty are subsur
face inflow from the mountains and out of the hydro
graphic area, inflow from ephemeral streams, and 
outflow of Clear Creek. These components are proba
bly within about 20 percent of their actual value, 
whereas other components are gaged or metered flows 
within about I 0 percent of their actual values. 

To summarize, inflow to the floor of Eagle Valley 
totaled about 40,000 acre-ft/yr during 1995-98 and 
about 31,000 acre-ft/yr for average conditions. Average 
inflow includes I2,000 acre-ft/yr of precipitation and 
about 4,900 acre-ft/yr of water imported from outside 
the hydrographic area. Streamflow and subsurface 
inflow from the mountains total about I4,000 acre-ft/yr 
(table 7) for average conditions and are long-term 
sources not affected by changes in land use on the val
ley floor. However, streamflow is highly variable from 
year to year, ranging from an average of 9,900 acre
ft/yr to I4,000 acre-ft/yr in wet years or 4,400 acre-ft/yr 
in dry years. Subsurface inflow from the mountains 
varies much less, only about 20 percent from dry years 
to wet years, averaging 3,800 acre-ft/yr. Outflow dur
ing I995-98 was about 19,000 acre-ft/yr and average 
outflow totals I5,000 acre-ft/yr, including 9,600 acre
ft/yr of streamflow and exported effluent and 5, I 00 
acre-ft/yr of subsurface flow. 

Some water-budget components, such as the 
volumes of water imported to or exported from the 
hydrographic area, may be greatly affected by water
management practices. Similarly, the volume of 
surface-water outflow from Eagle Valley may be 
affected by changes in the amount of streamflow used 
for municipal purposes, and the volume of subsurface 
outflow may be affected by changes in annual ground
water pumpage. 

Ground-Water Budget 

Included as recharge and inflow in the ground
water budget for the floor of Eagle Valley (table 9) are 
subsurface inflow from the mountains; infiltration 
of streamflow from Clear, Kings Canyon, and Ash 
Canyon Creeks, and ephemeral streams; and infiltra
tion of precipitation, water from lawn and golf course 
irrigation, and effluent from septic tanks. Estimates of 
inflow are made for conditions during 1995-98 and for 
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Table 9. Ground-water budget for floor of Eagle Valley, 1995-98 and average conditions 

[All values in acre-feet per year (acre-ft/yr). Abbreviations: ft3/s, cubic feet per second; gal/d, gallons per day] 

Recharge (inflow) to ground water Discharge (outflow) from ground water 

1995-98 Average 1995-98 

Subsurface flow 

Inflow from mountain block 4,600 a 3,800 a Outflow to Dayton and Carson Valleys 5,100 b 

Surface water 

Infiltration from Clear Creek 500 c 700c 

Infiltration from Kings and Ash Canyon Base streamflow of Eagle Valley creek 200 d 

Creeks 1,7ooc 1,000 c 

Infiltration from ephemeral streams 1,300 c 900c Base streamflow of unnamed creeks 170 e 
----------------------------

Subtotal 3,500 2,600 Subtotal 370 

Precipitation, irrigation, and evapotranspiration 

Infiltration of precipitation on open land 

Irrigation of lawns 

30-90 f 30-90 f Ground-water evapotranspiration 880 g 

Irrigation of golf courses 

Subtotal for lawn irrigation 

Septic tanks 

Subtotal for recharge on valley floor 

TOTAL, rounded j 

960-2,400 f 800-2,300 f 

I ,600-3,000 1 ,400-2,900 

Septic tanks and pumpage 

260 h 260 h Pumpage 
----------------------------

5,400-6,900 4,300-5,900 TOTAL, rounded 

I O,OOO-I2,000 8,000-10,000 

4,300 i 

II,OOO 

a Twenty percent increase of average 3,800 acre-ft/yr from range of 3,200-4,400 acre-ft/yr estimated by Maurer and Berger ( 1997, p. 33) using 
low-range estimate of flow from Kings Canyon. 

h From table 7; includes 2,200 acre-ft/yr flow to Dayton Valley Hydrographic Area estimated by Maurer ( 1997, p. 31 ); 400 acre-ftlyr to Carson 
Valley Hydrographic Area, estimated in this report; and 2,500 acre-ft/yr flow to Carson Valley Hydrographic Area from upper part of Clear Creek 
watershed (Maurer and Berger, 1997, p. 34). 

c From table 2. 

0 Estimate based on average flow of Eagle Valley creek during October-November 1987-98 (0.27 ft3/s) and assumption that base flow is present 
throughout the year. 

c Estimated using relation in figure 10, and base flow of 0.27 ft3/s in Eagle Valley creek. 

f From table 6. 

g Maximum estimate of evapotranspiration, table II . 

h Estimated from assumed rate of 250 gaVd per tank multiplied by an estimated 900 tanks functioning in 1997, for 0. 7 acre-ft per day x 365 days 
(Leanna Stevens, Carson City Utilities Department, oral and written communs., 1998). 

i Includes municipal pumpage of 3,100 acre-ftlyr; quasi-municipal, commercial, industrial, irrigation and stock pumpage of 400 acre-ft/yr; and 
domestic pumpage of 800 acre-ft/yr (Dillon, 1995, p. 5; Leanna Stevens, Carson City Utilities Department, oral and wqtten communs., 1998). 

j Subtotal for recharge on valley floor plus subsurface flow from mountain block. 
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average conditions. Discharge and outflow consists of 
subsurface flow, pumpage, ground-water contribution 
to base flow of Eagle Valley creek and unnamed creeks, 
and ground-water evapotranspiration. Because most 
components of outflow probably did not change appre
ciably from wet conditions of 1995-98, they are consid
ered to be representative of average conditions. 

Subsurface inflow from the mountains is not 
strictly considered recharge as it does not cross the 
water table, but flows laterally into the basin-fill aqui
fer beneath the floor of Eagle Valley. As discussed in 
the previous section, this inflow was about 4,600 acre
ft/yr during 1995-98 and about 3,800 acre-ft/yr for 
average conditions (table 9). Recharge from infiltration 
of streamflow was about 3,500 acre-ft/y-r during 1995-
98 and about 2,600 acre-ft/yr for average conditions 
(tables 2 and 9). 

Recharge from precipitation on open areas of the 
valley floor ranges from 30 to 90 acre-ft/yr (table 9). 
Recharge from lawn irrigation is estimated to range 
from 800 to 2,300 acre-ft/yr for average conditions, 
increasing slightly to 960 to 2,400 acre-ft/yr for 1995-
98. Recharge from irrigation of golf courses with 
treated effluent is about 600 acre-ft/yr. Thus, recharge 
from irrigation of lawns totalled about 1,600 to 3,000 
acre-ft/yr during 1995-98 and 1,400 to 2,900 for aver
age conditions. About 900 septic tanks were estimated 
to have been functioning in Eagle Valley in 1997 with 
an estimated use and infiltration of 250 gaUd per tank 
(Leanna Stevens, Carson City Public Utilities Depart
ment, oral and written communs., 1998). Recharge 
from 900 septic tanks is about 0.7 acre-ft/day, or about 
260 acre-ft/yr. Thus, total recharge from sources on the 
valley floor ranged from 5,400 to 6,900 acre-ft/yr for 
1995-98 and from 4,300 to 5,900 acre-ft/yr for average 
conditions (table 9). 

Subsurface outflow from the hydrographic area 
beneath the valley floor is about 5,100 acre-ft/yr (table 
9). As discussed in the section titled "Water Use," 
ground-water pumpage within Eagle Valley was about 
4,300 acre-ft/yr from 1995-98 (table 9). 

Where the water table is close to land surface, 
ground water also discharges as seepage to Eagle 
Valley creek and two unnamed creeks (fig. 1) and as 
evapotranspiration from phreatophytes. Ground-water 
seepage to Eagle Valley creek was estimated by deter
mining average base flow gaged during the months of 
October and November from 1987 to 1998. Prior to 
September 1987, flow gaged at Eagle Valley creek 
included treated effluent (Kyle Menath, Carson City 

Utilities Department, oral commun., 1998). During 
October and November, prior to large winter storms, 
runoff remaining from Kings Canyon and Ash Canyon 
Creeks and evapotranspiration were assumed to be 
minimal, and base flow was assumed to be present 
throughout the year. During 1997-98, above-normal 
precipitation during fall months did not allow estima
tion of base flow. Base flow ranged from 0.07 to 1.0 
ft3/s, and averaged 0.27 ft3/s, or about 200 acre-ft/yr 
(table 9). Using the relation between Eagle Valley 
creek and the unnamed creeks (fig. 1 0), base flow at the 
unnamed creeks is about 170 acre-ft/yr (0.24 ft3/s). 
Evapotranspiration of ground water by phreatophytes 
was estimated to range from 330 to 880 acre-ft/yr (table 
8) and during 1995-98 was probably a maximum value. 

The total for all sources of ground-water recharge 
and inflow ranged from 10,000 to 12,000 acre-ft/yr for 
1995-98, and from 8,000 to 10,000 acre-ft/yr for aver
age conditions (table 9). Ground-water recharge and 
inflow vary much less from wet to dry conditions than 
inflow in the overall water budget. Estimates of 
ground-water discharge and outflow for 1995-98 are 
probably similar to average conditions and total 11 ,000 
acre-ft/yr. Estimates of inflow are as much as 1,000 
acre-ft/yr greater than estimated outflow during 1995-
98, representative of the increase in ground-water stor
age. The quantity of 1,000 acre-ft/yr is less than the 
lowest estimate of increased storage calculated in the 
previous section from observed rises in water levels on 
the valley floor (2,600 acre-ft/yr). This suggests that 
inflow could be underestimated, or that outflow could 
be overestimated. An overestimate of outflow is possi
ble, as 2,500 acre-ft/yr of subsurface flow out of the 
hydrographic area beneath the southern boundary of 
the Clear Creek watershed has not been confirmed. 
Also, the difference suggests that estimates of ground
water-budget components are probably within 20 per
cent of their actual values. Water-budget components 
of greatest uncertainty are subsurface outflow, recharge 
from ephemeral streamflow, and recharge from lawn 
irrigation. 

To summarize, average recharge and inflow to the 
basin-fill aquifer beneath the floor of Eagle Valley 
totals 8,000 to 10,000 acre-ft/yr, including 3,800 acre
ft/yr of subsurface inflow from the mountains, 2,600 
acre-ft/yr from infiltration of streamflow, 1,400 to 
2,900 acre-ft/yr from irrigation of la~ns, 30-90 acre
ft/yr from infiltration of precipitation on open land with 
non-saline soils, and 260 acre-ft/yr from septic tanks. 
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Ground-water discharge and outflow totals 11,000 
acre-ft/yr, including 5,100 acre-ft/yr of subsurface out
flow, 4,300 acre-ft/yr of pumpage, 370 acre-ft/yr of 
base streamflow, and 880 acre-ft/yr of evapotranspira
tion. 

With increased development causing a greater 
percentage of land to become impervious or irrigated 
for lawns and golf courses, natural ground-water dis
charge by evapotranspiration will continue to decrease. 
This, coupled with increased recharge from lawn and 
golf course irrigation, could result in the water table 
rising to near land surface in the lower parts of Eagle 
Valley. 

CHEMICAL QUALITY OF RECHARGE AND 
INFLOW 

To allow evaluation of the potential for ground
water contamination, the chemical quality of precipita
tion, surface and ground water, municipal supply water, 
and treated effluent is described in terms of Nevada 
drinking water standards (table 1 0). Chemical analyses 
used in this section were from USGS and Laird and 
others (1986, p. 22-25) for precipitation, from data 
collected by USGS during this study for surface and 

Table 10. Nevada drinking water standards a 

Property or Constituent Primary maximum 

Total dissolved solids (mg/L) 

pH (standard units) 

Magnesium (mg/L) 

Sulfate (mg/L) 

Chloride (mg/L) 

Fluoride (mg/L) 4.0 

Nitrate (mg/L as N) 10 

Arsenic (mg/L) .05 

Cadmium (!J.g/L) .01 

Copper (!J.g/L) 

Iron (!J.g/L) 

Lead (!J.g/L) .05 

Manganese (jlg/L) 

Zinc (mg/L) 

ground water, and from data supplied by Carson City 
Utilities Department for municipal supply water and 
treated effluent. 

Precipitation is the source of all water in Eagle 
Valley. Most precipitation accumulates as a winter 
snowpack in the surrounding mountains and lesser 
amounts fall as snow and rain on the valley floor. Anal
yses of 16 snow samples collected near the crest of 
the Sierra Nevada between latitudes 39° and 40° N in 
early 1983 (Laird and others, 1986, p. 22-25) are sum
marized in table 11 . The samples represent wet- and 
dry-fall deposition at high altitudes but may not be rep
resentative of precipitation that falls on the floor of 
Eagle Valley, east of the Sierra Nevada. The mean con
centration of chloride is 0.32 mg!L, which is less than 
the average value of0.4 mg!L for wet- and dry-fall dep
osition from samples collected elsewhere in Nevada by 
Dettinger ( 1989, p. 63) and Berger and others ( 1997, 
p. 46). Nonetheless, the data are presented in table 11 
as the only data set available for a relatively large suite 
of constituents. Analysis of precipitation collected 
about 35 mi southeast of Carson City in Smith Valley 
during 1986-97 (National Atmospheric Deposition 
Program (NRSP-3)/National Trends Network, 1999), 
which represent wet-fall deposition only, also are 
summarized in table 11. The site in Smith Valley is 

Secondary maximum Secondary preferred 

500 1,000 

6.5-8.5 

150 125 

500 250 

400 250 

2.0 

1.0 

.6 .3 

.I .05 

5.0 

a Standards referred to are those of Nevada Administrative Code ( 1992). Primary maximum standards are health 
related and enforceable by State, and secondary maximum standards are based on aesthetic qualities and also are 
enforceable; both require use of best available technology to achieve standards. Secondary preferred standards are not 
enforceable but must be met unless water of that quality is not available. 
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Table 11. Summary of water-quality data reported for snow cores from Sierra Nevada and precipitation samples 
from Smith Valley, Nevada 

[Abbreviations: J.Lg/L, micrograms per liter; J.LS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; --, constituent not 
analyzed for, or mean not calculated for log or "less than" values] 

Sierra Nevada snow chemistry 
Volume-weighted annual mean values, Smith Valley, Nevada, 

Property or (Laird and others, 1986, p. 22-25) 8 1986-97 (National Atmospheric Deposition Program (NRSP-

constituent 3)/National Trends Network, January 4, 1999) b 

Minimum Median Mean Maximum Minimum Median Mean Maximum 

pH 5.47 5.68 5.72 5.4 5.6 5.9 

Magnesium (mg!L) <.003 .003 .016 .007 .016 0.016 .027 

Sulfate (mg!L) .04 .14 0.13 .21 .25 .32 .40 .71 

Chloride (mg!L) .03 .17 .32 1.0 .07 .10 .10 .15 

Fluoride (mg!L) <.01 .02 .03 

Nitrate (mg/L as N) .016 .026 .026 .041 .45 .62 .70 1.27 

Cadmium (~giL) .037 .068 .08 .16 

Copper (~giL) .17 .23 .27 .59 

Iron (~giL) <.1 <.3 1.4 

Lead (~giL) .064 .16 .20 .66 

Manganese (~giL) <.1 .4 1.3 

a Includes wet- and dry-fall deposition for 16 sites along Sierra Nevada between latitudes 39° and 40°N in early 1983. 
b Includes wet-fall deposition only, for 110 monthly mean values. Site is about 35 miles southeast of Eagle Valley and 58 miles east of Sierra Nevada. 

about 58 mi east of the Sierra Nevada crest and 110 
monthly mean values were used. Both forms of precip
itation are dilute and none of the analytes exceed 
Nevada drinking-water standards (Nevada Administra
tive Code, 1992). 

For this study, samples for chemical analyses 
were collected from 4 surface-water sites (sites 9-11 on 
Kings Canyon and Ash Canyon Creeks, and site 1 on 
Clear Creek) and from 17 ground-water sites near the 
periphery of the valley (fig. 4). A total of 77 samples 
(24 ground water and 53 surface water) were collected 
between November 1994 and September 1997 and sent 
to the USGS National Water Quality Laboratory 
(NWQL) in Arvada, Colo., for analyses of major con
stituents, trace elements, and nutrients. Laboratory 
quality-assurance procedures are described by Pritt and 
Raese ( 1995). Field procedures for collection and pro
cessing of ground-water samples were similar to those 
recommended by Koterba and others (1995, p. 51-63) 
and procedures for surface-water samples were similar 
to those recommended by Shelton (1994). The results 
of these analyses have been published by the U.S. 
Geological Survey in annual water-resources data 
reports for Nevada (Bauer and others, 1996, p. 611; 
Bostic and others, 1997, p. 505-507; Bonner and oth
ers, 1998, p. 517-519). 

A statistical water-quality summary for stream
flow and ground-water samples collected for this study 
is presented in table 12. For sites where more than one 
sample was taken over time, concentrations from all 
samples were averaged for the statistical summary. 

Surface water from Clear, Kings Canyon, North 
Kings Canyon, and Ash Canyon Creeks (53 samples 
from 4 sites at stream-gaging stations, fig. 4) was ana
lyzed for dissolved chloride and seven of these samples 
were analyzed for major constituents, trace elements, 
and species of nitrogen and phosphorus. Surface water 
from these streams is also dilute. Measured dissolved
solids concentrations ranged from 44 mg/L at the North 
Kings Canyon Creek on September 6, 1996 (Bostic and 
others, 1997, p. 506), to 122 mg/L at Clear Creek on 
June 12, 1997 (Bonner and others, 1998, p. 519). Kings 
Canyon Creek had the highest concentrations of 
arsenic ( 4 Jlg/L) and uranium ( 13 Jlg/L; Bostic and 
others, 1997, p. 506), but these concentrations and con
centrations of other regulated analytes all are less than 
Nevada State drinking water standards. Concentrations 
of dissolved chloride in Clear and Kings Canyon 
Creeks ranged from a minimum of 2.5 mg/L on 
December 6, 1996, to 37 mg/L on February 16, 1996 
(Bostic and others, 1997, p. 507; Bonner and others, 
1998, p. 518). These concentrations are higher than 
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Table 12. Summary of water-quality data collected from selected surface- and ground-water sites, Eagle Valley, Nevada, 1994-97 

[Mean concentration used in statistical computations for sites having more than one sample. Concentrations are in milligrams per liter unless otherwise noted. Data are based on values from Bauer 
and others ( 1996, p. 611 ), Bostic and others ( 1997, p. 505-507), and Bonner and others ( 1998, p. 517 -519). Abbreviations: oc, degrees Celsius; <, less than; J.tg!L, microgram per liter; J.!S/cm, 
microsiemens per centimeter at 25°C; N, nitrogen; NA, not applicable; P, phosphorus.] 

Property 
or constituent 

pH (standard units) 

Magnesium 

Sulfate 

Chloride 

Fluoride 

Nitrate (as N) 

Arsenic (Jlg/L) 

Cadmium (Jlg/L) 

Copper (JlgiL) 

Iron (Jlg/L) 

Lead (Jlg/L) 

Manganese (Jlg/L) 

Zinc (Jlg/L) 

Source 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Surface water 

Ground water 

Number of 
Number values less than 

of values analytical 

4 

17 

4 

17 

4 

17 

51 
17 

4 

17 

3 

7 

4 

15 

4 

15 

4 

15 

4 

15 

4 

15 

4 

15 

4 

19 

reporting limit 8 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 

I 

0 

3 

4 

15 

4 

12 

0 

9 

4 

15 

0 

2 

4 

10 

Mean 

8.0 

7.4 

2.9 

6.7 

.72 

16 

5.2 

10 

NA 

NA 

NA 

3.5 

NA 

NA 

NA 

NA 

NA 

NA 

134 

NA 

NA 

NA 

10 

NA 

NA 

NA 

Minimum 
(site number, 

fig. 4 in 
parentheses) 

7.9 (9,11) 

6.8 (II) 

1.4 (9) 

.71 (14) 

.20 (9) 

1.8 (17) 

.2 (12) 

1.3 (6) 

<.I 

<.1 

NA 

NA 

<.05 NA 

1.14 (13) 

<I NA 

<I NA 

<I NA 

<1 NA 

<1 NA 

<1 NA 

6 (12) 

<3 NA 

<1 NA 

<I NA 

<I 

<I 
<1 

(12) 

NA 

NA 

NA 

50th 
Maximum 

25th 75th (site number, 
. percentile percentile fig. 4 

percentile (median) in parentheses) 

NA 

6.9 

NA 

3.1 

NA 

5.0 

.3 

2.0 

NA 

<.1 

NA 

1.6 

NA 

2 

NA 

<1 

NA 

<I 

NA 

<3 

NA 

<1 

NA 

2 

NA 

<1 

NA 

7.4 

NA 

6.5 

NA 

10 

.6 

3.1 

NA 

.12 

NA 

2.3 

NA 

3 

NA 

<1 

NA 

<1 

NA 

<3 

NA 

<1 

NA 

8 

NA 

<1 

NA 

7.6 

NA 

7.4 

NA 

29 

2.5 

7.2 

NA 

.19 

NA 

2.6 

NA 

4 

NA 

<1 

NA 

<1 

NA 

10 

NA 

<1 

NA 

39 

NA 

8.3 (I) 

8.9 (14) 

5.0 (I) 

20 (4) 

1.0 (I) 

42 (8) 

37 

95 

(I) 

(4) 

<.1 NA 

.32 (2) 

.131 (11) 

II (4) 

4 (11) 

19 (13) 

<1 NA 

<1 NA 

<1 NA 

1 (11) 

250 (I) 

490 (16) 

<1 NA 

<1 NA 

17 (1) 

IIO (16) 

<1 NA 

756 (1) 

a For sites where more than one sample was taken over time, concentrations from all samples were averaged for summary. 



those measured in North Kings Canyon and Ash 
Canyon Creeks, and suggest that runoff of road salt 
applied to adjacent highways and roads during winter 
months affects the water quality of Clear Creek and 
Kings Canyon Creeks. 

Ground water entering Eagle Valley as subsurface 
inflow from the surrounding mountains (24 samples 
from 17 sites, fig. 4) was analyzed for major constitu
ents, and selected samples also were analyzed for trace 
elements and selected species of nitrogen and phospho
rus. Concentrations of dissolved solids ranged from 
102 mg/L at site 16 to 423 mg/L at site 4 (fig. 4, table 
11; Bonner and others, 1997, p. 518). The Nevada State 
drinking water standard for nitrate ( 10 mg/L as nitro
gen) was exceeded in one sample from site 4, a shallow 
well on the Eagle Valley golf course (fig. 4). Nitrate 
concentrations at sites 3, 14, and 1 were 2.3, 2.5, and 
3.7 mg/L, respectively (fig. 4; Bonner and others, 1997, 
p. 518). At site 16, the concentration of iron, 0.49 mg/L 
(Bostic and others, 1998, p. 506), approached the 
secondary preferred standard of 0.6 mg/L, and the 
concentration of manganese, 0.11 mg/L, exceeded the 
secondary maximum standard of 0.1 mg/L. Although 
not analyzed for this study, Welch and others ( 1997, 

p. A68) note that activities of radon-222 along the 
western side of Eagle Valley commonly exceed the 
maximum standard of 300 picocuries per liter (pCi/L ), 
with some values higher than 2, 700 pCi/L. 

Analyses of municipal water and treated effluent 
supplied for irrigation were obtained from records of 
Carson City Utilities Department (Tom Hoffert, written 
common., 1998; Kelvin Ikehara, written and oral com
mons., 1998). Analyses for major constituents, trace 
elements, and selected species of nitrogen showed that 
from 1994 to 1997, municipal supply water was within 
most Nevada drinking-water standards (table 13). Con
centrations of total dissolved solids, sulfate, and iron 
exceeded secondary preferred standards in 1997 on the 
east side of U.S. Highway 395. 

Effluent treated by Carson City Utilities Depart
ment and effluent from septic tanks are the most likely 
sources of ground-water contamination among all cat
egories of recharge. Samples of effluent from the treat
ment plant taken in 1993-98 had dissolved-solids 
concentrations of 480 to 496 mg/L, respectively, which 
are close to the secondary preferred standard. In 1997, 
plant effluent had concentrations of arsenic, cadmium, 
and lead of0.25, 0.01, and 0.05 mg/L, respectively, 

Table 13. Summary of water-quality data for municipal supply water, 1994-97, and treated effluent 
from wastewater reclamation plant, 1993-98, and from Brunswick reservoir, 1987-91 

[All data are from Carson City Utilities Department. Abbreviations: J.1S/cm, microsiemens per centimeter at 25 degrees 
Celsius; Jlg/L, micrograms per liter; mg/L, milligrams per liter; --, no data] 

Municipal Wastewater reclamation Brunswick reservoir 
Property or constituent supply water plant treated effluent 

Minimum Maximum Minimum Maximum Minimum Maximum 

Total dissolved solids (mg/L) 56 586 480 496 

pH (standard units) 7.05 8.00 7.34 7.61 

Magnesium (mg/L) .81 5.32 1.41 7.70 5.1 8.2 

Sulfate (mg/L) 1.9 272 105 157 

Chloride (mg/L) 16.7 46.2 83.2 

Fluoride (mg/L) .05 1.26 .98 1.56 

Nitrate (mg/L as N) .5 .73 .10 2.46 7.84 10.8 

Arsenic (mg/L) <.002 .008 .008 .25 

Cadmium (J.!g/L) <.001 <.05 <.01 .01 

Copper (J.!g/L) <.5 .26 <.05 .02 

Iron (J.!g/L) .02 .32 .1 .19 .02 .85 

Lead (J.!g/L) <.010 <.10 .05 .05 

Manganese (J.!g/L) <.02 <.05 .02 .06 .008 .66 

Zinc (mg/L) <.02 <.05 .02 .08 
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which were at or above the maximum drinking water 
standard. Effluent from the plant is applied to the Eagle 
Valley golf course and may be applied to the Silver 
Oaks golf course, although Silver Oaks is probably 
supplied largely by effluent from Brunswick reservoir 
during summer months (Kelvin Ikehara, Carson City 
Utilities Department, oral commun., 1999). Samples 
obtained from Brunswick reservoir from 1987 to 1991 
had concentrations of nitrate as high as 10.8 mg/L, 
exceeding the maximum drinking-water standards, and 
concentrations of iron and manganese as high as 0.85 
and 0.66 mg/L, respectively, exceeding the secondary 
maximum drinking-water standards. Water quality of 
effluent stored in the reservoir could be affected by 
contact with soils underlying the reservoir. 

Water-quality samples from septic tanks were not 
taken for this study; however, septic tanks may be the 
source of nitrate contamination of ground water 
(Nightingale and McCormick, 1985, p. 916; Lawrence, 
1996, p. 18). The potential for contamination from sep
tic tanks depends on factors such as local soil proper
ties, water table depth, subsurface geology, and 
vegetation. The extent of, or potential for, contamina
tion from existing septic tanks in Eagle Valley is not 
known. 

SUMMARY AND CONCLUSIONS 

Continued growth of Carson City, the capital of 
Nevada, is increasing the demand for municipal water 
supply, much of which is pumped from ground water in 
the basin-fill aquifer beneath the floor of Eagle Valley. 
The basin-fill aquifer can be recharged by subsurface 
inflow from the adjacent mountains and by infiltration 
of streamflow, precipitation, and water applied for irri
gation on the valley floor. 

In 1994, the U.S. Geological Survey began a 
study designed to estimate water resources of Eagle 
Valley as part of a cooperative program with Carson 
City Utilities Department and the Washoe Tribe 
of Nevada and California. Initial study focused on 
estimating the quantity of water entering the floor of 
Eagle Valley from the surrounding mountains. In 1996, 
the U.S. Geological Survey began studies to estimate 
ground-water recharge on the valley floor from infiltra
tion of streamflow, precipitation, and water applied for 
irrigation. These estimates, combined with estimates of 
water yield from the surrounding mountains and esti
mates of other water-budget elements, allowed for 

development of an updated overall water budget and 
ground-water budget for the valley floor for use by 
water managers. Estimates were made for 1995-98, 
when precipitation was 140 percent of normal, and for 
average conditions. 

Periodic streamflow measurements were made 
during 1996-98 at eight sites along Clear Creek from 
the gaging station, upstream from the bedrock/basin
fill contact, to the Eagle Valley Hydrographic-Area 
boundary. The measurements show that the reach is 
in close connection with a fluctuating water table. A 
linear relation developed from the measurements was 
used to estimate the average flow of Clear Creek where 
it exits the valley, resulting in outflow of 6,100 acre
ft/yr for 1995-98 and 3,500 acre-ft/yr for average con
ditions. Estimates of recharge from infiltration were 
500 acre-ft/yr during 1995-98 and 700 acre-ft/yr for 
average conditions. 

Periodic streamflow measurements were made 
during 1996-98 at seven sites along Kings Canyon and 
Ash Canyon Creeks from the bedrock contact to the 
point where streamflow enters subsurface culverts. The 
measurements show that, after municipal diversions, 
the streams lose flow to infiltration over the entire 
reach. A linear relation from the measurements was 
used to estimate the average flow during April through 
September that is lost to infiltration. Infiltration during 
November through March was calculated from mea
surements of diurnal temperature fluctuations of 
streamflow and at increasing depths beneath the 
streambed. Subtracting estimates of flow lost to infil
tration upstream from the valley floor (70 to 100 acre
ft/yr) and infiltrated water lost to evapotranspiration 
(200 to 300 acre-ft/yr), recharge from infiltration was 
about I ,700 acre-ft/yr during 1995-98 and is about 
1,000 acre-ft/yr during average conditions. 

Rates of recharge from infiltration of precipita
tion and water applied for irrigation were determined 
from the concentration of chloride in soil profiles 
above the water table at 16 sites. Recharge estimates at 
the sites were applied to areas of similar land use for the 
floor of Eagle Valley, as determined from aerial photo
graphs taken in 1997. The distribution of chloride in the 
unsaturated zone suggests that recharge from precipita
tion is minimal in open areas and infrequently irrigated 
pastures with saline soils, and that recharge from lawn 
watering and flood irrigation of pastures has flushed 
salts from saline soils. Estimates of recharge from pre
cipitation on 5,500 acres of open areas with non-saline 
soils range from 30 to 90 acre-ft/yr. Estimates of 
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recharge from precipitation and water applied for irri
gation of lawns ranged from 960 to 2,400 acre-ft/yr for 
1995-98 and from 800 to 2,300 acre-ft/yr for average 
conditions. Estimated recharge from precipitation and 
irrigation of golf courses with treated effluent was 
about 600 acre-ft/yr. 

In the overall water budget, total estimated inflow 
to the valley floor for 1995-98 was 40,000 acre-ft/yr, 
and for average conditions was 31,000 acre-ft/yr. Aver
age inflow includes 12,000 acre-ft/yr of precipitation 
and about 4,900 acre-ft/yr imported from outside the 
hydrographic area. Inflow of streamflow and subsur
face inflow from the mountains average 14,000 acre
ft/yr and are long-term sources not affected by changes 
in land use on the valley floor. However, streamflow is 
highly variable from year to year, ranging from an aver
age of 9,900 acre-ft/yr to 14,000 acre-ft/yr in wet years 
or 4,400 acre-ft/yr in dry years. Subsurface inflow from 
the mountains varies much less, only about 20 percent 
from dry years to wet years, averaging 3,800 acre-ft/yr. 
Estimates of outflow total 19,000 acre-ft/yr during 
1995-98 and 15,000 acre-ft/yr for average conditions. 
Average outflow includes 9,600 acre-ft/yr of stream
flow and export of treated effluent and subsurface out
flow of 5,100 acre-ft/yr. 

In the ground-water budget, the total for all 
sources of recharge and inflow ranges from 10,000 
to 12,000 acre-ft/yr for 1995-98 and from 8,000 to 
10,000 acre-ft/yr for average conditions, varying much 
less from wet to dry conditions than inflow in the over
all water budget. Average recharge and inflow includes 
3,800 acre-ft/yr of subsurface inflow from the moun
tains, 2,600 acre-ft/yr from infiltration of streamflow, 
1,400 to 2,900 acre-ft/yr from irrigation of lawns, 
30-90 acre-ft/yr from infiltration of precipitation on 
open land with non-saline soils, and 260 acre-ft/yr from 
septic tanks. Ground-water discharge and outflow esti
mated for 1995-98 is probably similar to average con
ditions and totals 11,000 acre-ft/yr, including 5,100 
acre-ft/yr of subsurface outflow, 4,300 acre-ft/yr of 
pumpage, 370 acre-ft/yr of base streamflow, and 880 
acre-ft/yr of evapotranspiration. 

Independent estimates of evapotranspiration and 
increased ground-water storage during 1995-98 show 
that estimates of water-budget components are reason
able and probably within 20 percent of their actual 
values. However, the volumes of water-budget compo
nents will change as a result of variations in climate and 
changes in land and water use. The volume of water 
imported to and exported from the hydrographic area 

and the volume of outflow from Eagle Valley may be 
greatly affected by water-management practices. With 
increased development and a greater percentage of land 
becoming impervious or irrigated for lawns and golf 
courses, natural ground-water discharge by evapotrans
piration will continue to decrease and recharge from 
irrigation will increase, possibly causing the water 
table to rise to near land surface in the lower parts 
of Eagle Valley. 

The chemical quality of precipitation, stream
flow, subsurface inflow from the mountains, and water 
used for irrigation from municipal supply generally 
meets Nevada drinking-water standards. However, 
subsurface inflow from the west side of Eagle Valley 
commonly exceeds maximum standards for radon-222. 
Treated effluent and septic tanks are the most likely 
sources of recharge to cause ground-water contamina
tion. Samples of treated effluent from 1987 to 1997 
have concentrations of nitrate, arsenic, cadmium, and 
lead equal to, or greater than, primary maximum drink
ing water standards; and concentrations of dissolved 
solids, iron, and manganese equal to, or greater than, 
secondary maximum standards. 
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