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. ‘ Table 3.-~Miscellaneous streamflow measurements, 1964

* streamflow, in cubic-feet per secondl’

: Clear ; Kings 3 Ash
Date : Creek :  Canyon :  Canvyon

May 1 5.21 0.92 3.29
June 19 3.05 1.34 3.45
July 24 1.84 1.52 2.17
Aug. 25 1.50 1.26 1.48
Sept.22 2.09 1.25 1.77
Nov, 23 2.89 1.08 1.95

1. sSome diversions upstream from measuring sites not included.
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Table 4.--BEstimated average annual runoff

RUnofEf
(acre-feet)

INFLOW ;
Sierra Nevada ‘ 12,600
Virginia Range 500
Prizson Hill : 400
“Wotal (rounded) (1) 13,000

QUTFLOW
Clear Creek, near Stewart a 3,000

Kings Canyon and Ash Canyon Creeks,

east of sewage disposal plant b 3,500
Total (2) 6,500

STREAM LOSS: (1) - (2) 6,500

a. Includes about 70 acre-feet per year of sewage effluent from
Nevada Indian Agency at Stewart.

h. Excludes effluent from Carson City sewage plant.
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Imported Water

The State Capitol and associated office buildings form a
complex in the south-central part of Cargon City. To assuxre a
supply for State use, the Legislature in 1963 purchased the
Marlette Water System and attendant water rights and structures.
This system originally was developed in 1873-76 to supply
Virginia City, Gold Hill, and Silver City at the peak of the gold
and silver mining industry. Marlette .Lake is west of the divide
in the Sierra Nevada (pl. 1) and drains naturally to Lake Tahoe
(west of pl. 1l). By use of a dam, flumes, and a tunnel the water
in the past was conveyed from Marlette Lake to Hobart Creek
Reservoir, which is in Washoe Valley, then across the north edge
of Eagle valley at Lakeview through an inverted siphon (pl. 1) to
Virginia City. The tunnel has caved, and the supply from Marlette
Lake (potential of about 2,000 acre-feet per year) no longer
supplies the water .aystem. Near the intake point of the 5lphon a
line was laid into Carson City to supply the state buildings,

Qver the years, some of the water has been purchased by the Carson

© Water Company f£or use by Carson City. The imports are shown in

tahle 5.
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Table 5.--Water imported from Marlette Water System 1962-65

(Records from Nevada Division of Buildings and Grounds and Carson
Water Co.)}

Purchased by Used by
Carson Water Co. otate Total
Year (acre-feet) (acre-feet)  _  {acre-feet)
1962 230 190 420
1363 140 150 290
19642/ 260 165 425
19652/ 135 290 425

a. Diversions to Virginia City were about 170 acre-feet in 1964
. and 150 acre-feet in 1965, Total water supplied by Marlette
. Water System: about 600 acre-feet in 1964 and 575 acre-
- feet in 1965.
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OUTFLOW FROM THE VALLEY~FILL RESERVOIR

The major components of outflow are surface-water outflow
along the eastern side of the valley and evapotrangpiration from
ground water in areas of phreatophytes. The remaining components
include subsurface outflow, consumptive use from diversions for
irrigation and public supply, sewage effluent, pumpage, and spring
discharge. 1In 1965, the estimated total outflow averaged about
5,000 acre-feet; under natural conditions the total was scomewhat
less (table 11).

surface Water

Qutflow from the Valley

Table 4 showg that in recent years the estimated surface-
water outflow from Eagle Valley, through Clear Creek and the com-
bined channel of the creeks formed principally by Kings, Ash,
and Vicee Canyons west of the sewage disposal plant, averaged
about 6,500 acre~feet per year. This estimated outflow does not
include the sewage effluent, which discharges inte the creek near
the valley outlet (pl. 1}.

Diversiong for Public Supply

Table 6 shows the approximate diversions for use by Carson
Water Company, State of Nevada, and Nevada Indian Agency at
Stewart, In recent years, all the water diverted by the Nevada
Tndian Agency has been used to irrigate lawns and shrubs at the
Agency headgquarters.
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Table 6.--Approximate stream and spring diversions for public

gupply

(Records from Carson Water Co., Nevada Division of Buildings and
Grounds, and Nevada Indian Agency)

Carson Water State of Nevada Indian

Companyl Nevadag/ Agencyé/ Total
Year (acre-feet) (acre-feet) (acre-feet) (acre-feet)
1962 700 150 50 900
1963 700 150 50 B00
1964 2040 150 50 1,100
1965 1,100 150 50 1,300

1. Diversions principally frow Kings Canyon and Ash Canyon

Creaks,

2. Diversions principally from Upper and Lower Rose Springs in

Vicee Canyon.

3. Diversion from Clear Creek, about 10 feet downstream from

site of U. 5. Geological Survey Clear Creek gage. Agency
has rights to divert additional water farther downstream,
near U.s5. Highway 395.

23,



Diversions for Irrigation

Diversions prineipally from Clear, Kings Canyon, and Ash
canyon Creeks are used by the local ranchers to irrigate lands
wagst of Carson City and near Stewart. In 1965 for about 700
acres of land, the diversions may have been 1,000 acre~feet, Most
of the land is native pasture. Of the estimated diversions,
possibly 300 acre-feet was leost from conveyance ditches and in
areas where the water table was more than a few feet below land
surface, The bulk of the water lost by these processes seeped
downward to the ground-water system.

Beneath about 600 of the 700 acres of irrigated land, and
including about 100 acres of trees, the water table was high
during the gpring and early summer, and an estimated 600 acre-fleet
of ground water was consumed by subirrigation (table 8}., Thus,
the consumptive use totaled about 1,300 acre-feet, 700 being
derived from surface-water diversions and 600 from ground water.

As land use has changed from rural to urban, the amount of
water diverted for irrigation has been slowly decreasing. More-
over, the amount can be expected to decrease at a faster rate in
the future as the urbanized area expands more rapidly into the
agricultural lands.

Seepage Loss from Streams

A preliminary estimate of the seepage from streams, oI I'e-
charge to ground water, in Bagle Valley in recent years is gug-
gested by the difference between the stream loss within the
valley, estimated to average 6,500 acre-feet per year (table 4),
and the diversions for irrigation (above) and public supply
(table 6} for the years 1962-65, estimated to average about 2,000
acre-feet per year, which is about 4,500 acre-feet per year. The
bulk of the seepage loss occurs along the western side of the
valley as the streams cross the alluvial fans where the depth to
water generally is in excess of 10 feet (fig. 3).

Pumpage

The Carson Water Co., State of Nevada, and Nevada Indian
Agency have wells to supplement the locally derived and imported
surface-water supplies. In 1965 the water company used three
wells, 15/19-12da (acquired in 1965), 15/20~-8bb, and 15/20-17bd;
the State did not use its only well 15/20-17¢l; and the Indian
Agency used well 15/20-324d1 but not its standby well 15/20-32a42
(table 13 and pl. 1). The estimated pumpage by these agencies
and by private wells (rural use) is shown in table 7.

Much of the valley is served by private wells. The domestic
and stock-water use in the outlying areas is estimated to have
increased from about 150 acre-feet in 1955 for a rural population
of almost 1,500 to about 500 acre-feet in 1965 for a rural popu-
lation of nearly 5,000,
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. Table 7.--Estimated pumpage, in acre~feet, for public supply and
rural use

(Information from Carson Water Co,, Nevada Division of Bulldings
and Grounds, Nevada Indian Agency, and Carson City Chamber
of Commerce)

carson Nevada State
verr  uma  commmd/  aolSIM/ vevadal/ (rounded)
1962 400 300 100 20 800
1963 400 300 100 20 ' 800
1964 400 300 100 17 900
1965 500 350 100 0 950

- wr v — —

1. Total publie supply pumpage iz the sum of the pumpage by

Carson Water Company, Nevada Indian Agency, and State of

. Nevada.



Sewage Effluent

Sewage effluent from the Cargon City plant, in sec. 15,
T, 15 N., R. 20 E, (pl. 1), totaled about 750 acre-fecet in 1962,
860 in 1963, 900 in 1964, and about 1,300 acre-feet in 1965, The
effluent in 1964 was about 60 percent of the total volume enter-
ing the Carson Water Co. system. The effluent is discharged into
oxidation ponds east of the plant, and overflows into the stream
formed by Ash Canyon and Kings Canyon Creeks. Tt leaves the
area near the center of sec. 15. According to W, L. Dunn, Plant
Superintendent {oral communication, 1966}, the 50 percent increase
in effluent from 1964 to 1965 was due 1in large part to ground
water entering the sewer lines as a result of the unusually large
precipitation in late December 1964 and resulting high ground-
water levels in succeeding months.

At the Nevada Indian Agency, sewage 1is oxidized in two
lageons, then spills into Clear Creek, The discharge reportedly
averages nearly 50 gpm, or roughly 70 acre-feet per year. This is
about 70 percent of the estimated pumpage.

In rural areas, most home owners have septic tanks. As the
city expands, the rural areas in time probably will be included in
a valley-wide sewage disposal system. The disposal through septic
tanks and leaching lines and fields plus percolation from watering
lawns and shrubs is estimated to be at least half the rural pump-
age (table 7), or roughly 300 acre-feet in 1965; most of this
water returns to the ground-water system.

Evapotrangpiration

Evapotranspiration losses from areas of phreatophytes and
bare soil occur in and around Carson City and Stewart, asz shown on
figure 7. The principal phreatophytes are native pasture (largely
grasses), saltgrass, rabbitbrush, greasewood, wildrose, cotton-
wood, Lombardi poplar, weeping willow, and other ornamental trees.
Although houses, buildings, streets, and parking lots probably
cover a few hundred acres in the city, little reduction in evapo-
transpiration losses probably has occurred as a result, largely
because the same amount of water is forced to discharge in ox
near the same areas. Table 8 shows the estimated ground-water
discharge by evapotrangpiration in Eagle Vvalley. The rates used
are based on work done by Lee (1912}, White (1932}, and Robinson
{1962) ., ‘

26.



l

: X %%‘gﬁ?" 17

" iy

SRV ﬁk
Ly W

W\
e Lo NG %%%ﬁ\q\’}%

X

{t ek R "
e E
=1r"— -\.__._' it

iy
b LW 1 ) 113 NS

3

Phreatophyts areas
(Includes residential area)

]

Valley fill

g

Consolldaled rocks

—_r
Fault barrier
0 1 Mile
iy o ] !

-l B, NG : =% Kk I
A . i
X o T
P SRR v ' Lol
il AR | 4 T
ARG ) ‘!igi"‘v‘ss' i T W I W TP,
N ) b N
DRRGERNN- T
X ke 3. )
ST DR G, O S . i i
Y, T Y
& , e g
T \F‘ &

F ) _L“ i
i ) Q. by i%\-?*‘%“t# ) ’i\ P Bl
N RS NN
b Y N g1
;

Scale

Figura 7.—Approximate areas of Irrigation and evapotranapiration in 1964




Table 8.--Estimated annual ground-water discharge by evapotrans-

piration
Depth to  Annual Estimated.
Area water use Adischargel
Phreatophyte (acres) (feet) (feet) _ (acre-feet)
Meadowgrass and
agsociated grasses§/ 1,500 1-10 1.5 2,200
Subirrigated pastureé/ 600 1-10 1.0 600
Rabbitbrush and
greasewood; some
wildrose 3,000 530 0.3 1,000
Total (rounded) 5,100 4,000

1+ Includes evaporation from bare soil where water level generally

1g less than 10 fezet.

5. Includes trees in city and at ranches, which collectively would

cover roughly 100 acres and have a use of about 3 feet pex

year.

3. pasture primarily irrigated by diversions from Clear, Kings

Canyon, and Ash Canyon Creeks.
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Subsurface Outflow

Ground water moving generally ecastward across the valley, il
not otherwise discharged, leaves the area through the valley £ill
beneath Clear Creek, east of the sewage disposal plant, and the
moderately broad upland area east of New Empire (fig. 2). Water
leaving the wvalley by subsurface outflow moves into the alluvial
deposits adjacent to the Carson River.

The ground-water flow at these three lines of section can be
computed by means of a form of Darcy's law:

0 = 0,00112TIW

in which Q is the guantity of flow, .in acre-feet per year; T is
the ceoefficient of transmissibility, in gallons per day per foot;
I is the hydraulic gradient, in feet per mile; W is the width of
the flow seclion, in miles: and 0.00112 is a factor for converting
gallons per day to acre-feet pexr year. fTable 9 shows the esti-
mated outflow from Eagle Valley. Because the saturated thickness
and hydraulic gradients have not been changed appreciably by
pumping or stream diversions, the estimates are virtually the same

for native ¢onditions as for 1965.

Streamflow measurements at the gaging station Carson River
near Carsgon City (14/20-2b) and miscellansous measurements nNear
Brunswick (pl. 1) indicate a gain in streamflow of about 3 cubic
feet per second (about 2,000 acre-feet per year). Presumably, a
part of the gain is supplied by the outflow west of New Empire.
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Table 9.--Estimated annual subsurface outflow

Assumed Hydraulic Effective Eztimated
transmissibility gradient width outflow
{(gpd/ft) (£t/mi) (miles) (acre-feet)
Beneath Clear
creek, 1 mile
southeast of
Stewart ab 30,000 40 0.5 o00
Beneath creeck
0.5 mile east of
sewage disposal
plant a 50,000 25 . 0.05 100
Beneath upland, 1
mile east of
New Empire b 20,000 70 1.0 1,500
Total, roughly e 2,000

a. Younger alluvium (pl. 1).

b, ©Older alluvium (pl. 1).
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Springs .

Carson Hot Springs, 15/20-5ad, are the largest springs on the
valley floor, discharging about 60 gpm of 120°F water (table 13).
The water is used for mineral baths, but ultimately most of the
discharge is consumed by evapotranspiration in areas east of the
springs. Steinheimer Springs, 15/20-8db, are nearly as large and
are the only other major springs on the valley floor:; they dis-
charge about 50 gpm of 60°F water (table 13). Several minor
springs occur along the fault through Carson City and in the area
west of the city. Most of the discharge of all springs is con-
sumed by evapotranspiration. The total discharge of the springs,
excluding those in the Sierra Nevada, probably does not exceed

200 acre-feet per year. '

The principal springs along the west side of Eagle Valley in
the Sierra Nevada have been developed by the State and Carson
Water Co, for public supply and by the ranchers for irrigation.
The flow was not estimated during this study, but the diversions
are included in estimates given in the preceding sections of the
repaort.

Summary of Water Use by Carseon City

Montgomery Engineers (1965) have compiled the historic water ..
use by Carson City, which is summarized in table 10. Aas pravious-
ly described, the three sources of the water are: diversions
from streams and springs in Fagle valley, which supply the bhulk
of water needs (table &), pumpage from wells (table 7), and pur-
chase from the State of water from the Marlette Water System
{table 5).

The use shown in table 10 is the metered amount as delivered
to the consumer, not the amount at the points of diversion. For
many public-supply systems the liné losses batween points of diver-
sion and use commonly are 10 percent. Including line losses and
deep percolation from watering lawns and ghrubs, the amount of
water in 1965 that reached the ground-water system may have been
about 500 acre-feet,

Net Water Use for Public and Rural Supplies

The sources and dispeosition of the water for public supply
in Eagle valley, as described in the preceding sections, are some-
what complex. The net use, or amount actually consumed within the
valley for public and rural supply in 1965, is shown in table 1l0a.

The estimates indicate that of the total supply of 2,700 acre-
feet, less than 20 percent was consumed for home and city uszes.
Approximately 50 percent flowed out of the valley as sewage elflu-
ent. About 30 percent reached the ground-water system where it
subsequently has been, or will be, discharged from the valley-fill
reservoir by other processes, such as evapotransgpiration and sub-
surface outflow; or some may even be reused, if pumped from wells.
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Table 10,--Water use by Carson City

/ Records from Montgomery Engineers (1965)./

T

H Uze
Year (million gallons) (acre-feet)
1949 111 340
1950 123 377
51 128 392
52 125 385
53 137 420
54 165 RO6
1955 167 513
56 187 575
57 213 655
58 222 630
59 266 816
1960 281 863
Gl 281 g6l
62 391 1,201
63 378 1,161
64 472 1,451
1965 a 521 a 1,600

2.

From Carson Water Co.
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Table 10a.--Net water use for public and rural supplieg, 1965

{(Most values estimated,

as described in text)

Item

Amount
(acre-feet)

sSources of water:

Imported water (table 5) .

Spring and stream diversions for

public supply (table &)

- o - & - ° - L] - o

Pumpage for public and rural supply (table 7).

Total (rounded): (1)

Digposition of water:

Net use

Public supply:

percolation {p. 30} . .

Sewage effluent:

- o o L] L] - - - - -

conveyance losses and deep

e & 2w % & ®w s w & =

425

1,300

950

2,700

500

carson City and sStewart (p. 26)1,370

Percolation to ground water from rural use (p. 26) 300

Total (rounded): (2)

L] - - - m w - - - -

2,200

(amount consumed in Eagle valley): (1) -~ (2) a 500

2.

Largely, water evaporated and transpired in watering lawns,
and not accounted for in tabkle 8.

shrubs,

and trees,
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WATER BUDGETS FOR NATURAL AND 1965 CONDITIONS

Over the long term and for natural conditions inflow To. and
outflow from an area are equal. Accoerdingly, a water budget for
natural conditions.expresses the quantity of water flowing in a
hydrologic system under equilibrium conditions. A water budget
generally is designed to bring together and compare the several
estimates of inflow and outflow and to ascertain the magnitude
of error in the estimates., A budget that balances reasonably
well also lends confidence to the reliability of the individual
elementd of inflow and outflow; the gross gquantities in turn are
depended upon by those concerned with water development and
management,

For Eagle valley equilibrium conditions existed up to the
time that man began to develop the area for industries related to
mining at Virginia City and agriculture. sSurface-water diver-
sions from the principal streams probably began 100 years ago and
have continued to date. Diversions and importation of water for
public supply alse have modified the natural condition. Total
pumpage in 1965 was about 1,000 acre-feet, which was nearly equal
to the estimated percolation to ground water from pumpage, stream
diversions, and imported water. Therefore, the net result has
been virtually no change of stored water up to 1965. A minor
depletion probably has occurred in the rural areas but may have
been compensated for by a minor increase in storage within and
east of the city limits.

Table 11 summarizes the several estimates of inflow and ocut-
flow made in the preceding sections of the report for natural and
1965 conditions, shows the water balance achieved, and compares
the effect of water development on the natural flow system. The
water budgets for natural and 1965 conditions lack closure by 300
to 400 acre-feet, or errors of less than 5 percent. Such close
coincidence should not be taken to imply comparable accuracy of
the several itemz of the budget. There are undoubtedly compen-—
sating errors on both the inflow and outflow sides that result
from the assumptions and estimates made in deriving the estimates.
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Table ll--Water budgets for Eagle Valley under

natural and 1965 conditions

(Mogt values estimated, as described in text)

‘ 1965 Natural
Budget item conditions conditions
(acre~feot) {ac-ft/vE.}

ESTIMATED INFLOW:

surface water (table 4). . . . . . 13,000 13,000
Ground-water inflow across
bedrock-alluvial contact {p.16) 1,000 1,000
Precipitation:
valley floor (table 2). . . . . 400 400
Imported water (table 5} . + « « » 425 0
Total (rounded): (1). . . . ; . 14,800 . 14,400
ESTIMATED OUTFLOW:
. surface water (table 4). . . . . . 6,500 - a 8,800
Evapotranspiration (table 8} . . . 4,000 4,000

Subsurface outflow (table 9) . . . 2,000 2,000
Springs (P.30) . o ¢ & 4 « + s o = {b) (b)
Public and xural supply:
net uze (table 1l0a) . .+ . +« « = 500 0
Sewage effluent: Carson City and
St&wart (P‘ 26) L] Ll " - L] L] o o l, 370 0
Consumptive use: surface water
diverted for irrigation (p.24). 700 0
Total (rounded): {(2). . . . . 15,100 14,800
DIFFERENCE: (l) - (2) o = L - - « o - """300 _4‘00

a. Assumes that all surface-water diversions in Bagle Valley
(1,300 acre-feet for public supply, table 6, and 1,000 acre-
_ feet for irrigation, p. 24) would have heen surface-~-water
. outflow under natural conditions.

L. The estimated 200 acre-feet per year (p.30)included with
evapotranspiration,
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CHEMICAL QUALITY OF WATER

As part of the present study, 22 water samples were field
analyzed and 4 samples were analyzed in more detail to make a
general appraisal of the suitability of the water for domestic
and agricultural use and to help define potential water-quality
problems., Sampling sites were chosen to achieve a medest areal
representation of conditions throughout the valley. The field
and detailed analyses are shown in tables 12 and l2a, respectively.

The field analyses include the principal @nions and cations,
except zodium and potassium, which were determined by difference
(table 12). Boron, fluoride, iron, and nitrate were not deter-
mined. Locally, the shallow ground water reportedly contains iron
in excess of 0.3 ppm (parts per million), which may cause lauudry
staining {(U.S. Public Health Service, 1962). Most plants are
sensitive to boron in excess of about 1 or 2 ppm; for human con-
supption the U.S. Public Health Service (1962) suggests that
fluoride not be in excess of 1.7 ppm and nitrate not in excess of
45 ppm.

Except for the unknown content of minor consgtituents just
described, the surface and ground waters generally are satisfac-
tory for irvigation, domestic, and most common uses. Most of the
water is soft (less than 60 ppm hardness). Salinity hazard,
alkali hazard, RSC (residual sodium carbonate), and SAR (sodium
adsorption ratio), as shown in table 12, are guality factors re-
lated to the suitability of water for irrigation (U.S. Department
of Agriculture, 1954),., Because most of the water is suitable for
irrigation, further elaboration of these factors iz not warranted
in this reconnaissance.

The detailed analyses {table 12a} for public supply wells
15/19-12da, 15/20-8bbh, 15/20-17bd, and 15/20-32dd2 (Carson Water
Co, wells 1, 2, and 3, and Nevada Indian Agency well 2, respec-
tively) suggest that the water at depths below 200 to 300 feet
generally is of good chemical quality for municipal use,
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Table 12a,--Detailed chemical analyses of water from selected

public supply wells in Fagle Valley

[Analyses by the U. §. Geological survey

-

EL 1)

Well number : 15/1%~12da = 15/20-8bb 15/20-17hd 15/20-32d4d2
Date of collection ; 5-25-684 : B=25-66 : 5-25-66 ;. 5=25-66_
Constituents in parts per million
Silica (5102} 25 34 25 31
Iron (Fe) 0.00 0,00 0.00 0.01
Calcium (Ca) 21 20 24 25
Magnesium (Mg) 4 1.5 5.4 4.7
Sodium (Na) a.4 19 14 13
Potassium {K) 2.0 1.9 1.5 1.7
Bicarbohate (HCDE) 102 114 136 127
Carbonate (CO4) 0 0 ) 0
Sulfate (SD;?) 3.0 2.0 1.0 7.0
Chloride (CL) 0.6 1.2 1.2 2,0
Fluoride (F) 0.0 0.5 0.0 0.1
Nitrate (NOj3) 1.8 0.4 0.5 0.1
Boron (B) 0.0 0.0 0.0 0.0
Diz=olved solids
Calculated 116 136 140 148
Hardnezs as CaCOq
Total 532] 56 82 82
Noncarbonate 0 0 0 0
rercent sodium 21 42 27 25
Specific conductance
(mictremhos at 25°C) 170 189 214 210
pH 7.5 7.5 7.3 7.2
Temperature (°F) 50 67 56 55
Depth of well 470 431 535 508
53071 53074 53075 53076

Laboratory number

—
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SYSTEM YIELD

Bagic Concents

The yield of a discrete hydrolegic system is here defined as
the maximum amount of surface and ground water of usable chemical
guality that can be obtained econemically each year from gources
within the system for an indefinite peried of time. The system
yvield can not be more than the natural inflow to or ocutflow from
the system. Under practical conditions of development the yield
is limited to the maximum amount of surface-water, ground-water,
and water-vapor outflow that can be salvaged economically each
year for beneficial use.

System yield is similar to the more restricted term perennial
vield, which in common usage has been limited to the maximum
amount of natural discharge (outflow) that can be salvaged by
pumping from a ground-water resexvoir. The cencept of zystem
yvield in the development of a discrete hydrolegic unit under con-
ditions that generally prevail in the semiarid western States is
three-fold: (1) In a state of nature before development begins,
the hydrologic system is in an eguilibrium condition, which means
that over the long term inflow egquals natural outflow and no
change in stored water occurs either underground or on the sur-
face in lakes and ponds; (2) after development starts, the system
is in a noneguilibrium condition~-natural discharge plus diver-
sions (both surface and ground water) exceed recharge; the deficit
over the years is made up principally by a substantial depletion
of stored water; and (3) if the net diversions are finally held to
a rate about equal to the salvable natural cutflow, or system
yield, and if the peoints of diversion and amount diverted are
strategically situtated so as eventually to reduce the salvable
outflow to zero, then the system attains a .new egquilibrium. If
all natural outflow is salvable, inflow eguals net diversions,
natural outflow approaches zero, and over the long term no change
in stored water occurs.

The amount of time that it takes to make the full transition
from egquilibrium under natural conditions to the new equilibrium
under full development is largely a function of the annual diver-
sion rate and the amount of stored water that must be removed to
terminate the salvable natural outflow. For surface water the
effect can be accemplished as rapidly as diversion works or other
structures are built and placed into operation. On the other
hand, for ground water the time invelved commonly is measured in
decades, If the net pumping draft is maintained at a rate roughly
equal to the salvable cutflow from the ground-water reservoir
part of the system, a new eguilibrium eventually will be estab-
lished.

Diversions in 1965 in Eagle Vallev were largely from streams
and springs in the sierra Nevada and to a small extent by pumping
on the valley floor. Most of the available base flow of the
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streams and springs has been developed, whereas little of the
available ground-water supply has been tapped.

Eagle Valley

For Eagle valley, the estimated total outflow under natural
conditions averaged 15,000 acre-~feet per year (table 11). As
mentioned, the system yield is limited to the maximum amcunt of
natural outflow that can be economically salvaged. The table
shows that in 1965 the surface-water outflow was 2,300 acre-feet
lezss than for natural conditions, subject to the assumptions
given in the footnote to table 11, which indicates that develop-
ment thus far has salvaged about 15 percent of the total natural
annual outflow.

The maximum salvage over the long term is limited to the
additional diversions that can be made from surface-water and
ground-water sources. Without the construction of major surface
reservoirs, probably not more than 3,000 acre-feet per year of
surface-water inflow could be salvaged, which is only about 500
acre-feet per year more than in 1965. Moreover, except possibly
in clear Creek, the steep canyons of the Sierra Nevada would not
provide suitable reservoir sites.

The ground-water supply has been developed to a minor degree,
amounting to only about 1,000 acre-feet in 1965 (table 7). DMore-
over, the diversions of surface water, although decreasing the
downstream flow, are in the canyons and would not be affected by
substantial ground-water development downstream in the valley.
However, substantial ground-water development near streams would
salvage a significant part of the surface-water outflow from the
valley. The estimated maximum salvage of outflow by ground-water
development over the long term would include most of the evapo-
transpiration losses from ground water (table 8), possibly half
of the surface-water outflow at the 1965 rate, and part of the
subsur face outflow (table 9), Thus, the estimated yield from
ground-water sources alone probably is about 7,000 acre-feet per
year,

The foregoing estimates and assumptions provide a preliminary
value for the system yield of LCagle valley of about 10,000 acre-
feet per year, oxr about 70 percent of the natural supply. To
attain a yield of this magnitude, wells would have to be placed
in the areas of phreatophytes, near the principal streams, and
near the areas of major subsurface outflow (fig. 7). As water
levels are drawn down by pumping, much of the moderate to low
flows of the streams would sink into the channels before leaving
the valley, and evaporation and transpiration losses would de-
crease, or would stop entirely, if water levels were drawn down
50 feet or more below land surface. Moreover, the water stored in
that part of the valley-~fill reservoir which would be dewatered
in lowering.the water table 50 feet would provide an additional
supply during this development process.
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In terms of storage depletion, a water-level decline of this
magnitude might represent 25,000 to 50,000 acre-feet. This
depletion, sometimes referred to as the "permissive mining yield!,
would be necessary before a new eguilibrium could be reached
with a sustained draft on the system of 10,000 acre-feet per
year. Once equilibrium is reached, further storage depletion
over the long term would approach zero.
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TOMORROW 'S WATER

The preceding discussion dealt mainly with the hydrologic
environment, the distribution of water quantities in the hydro-
logic system, and present water use in Fagle Valley. How will
the future needs be met and what additional problems can be
expected to accompany the expanding water use? These matters are
discussed briefly in the following paragraphs.

Sources

Table 10 shows the rapid increase of water use by Carson
City. Montgomery fingineers (1965) project the water necds for
the entire valley as follows: 3,600 acre-feet in 1970, 10,000
acre-feet in 1980, 16,000 acre—feet by 1990, and 21,000 acre-
feet in 2000. These projections suggest that in 1980 the water
requirements of 10,000 acre-feet will bhe about equal to the pre-
liminary estimate of the system yield of Bagle valley, which was

- just described. Therefore, in time outaide sources must be

developed to augment the local supply. Moreover, economic or
other considerations may dictate that an outside source of supply
is more feasible than developing the total supply of Eagle Valley.

possible sources of supply outside Ragle Valley include
increased imports through the Marlette Water System, diversions
from the Carson River, pumping from wells along the Carson River,
and imports from Washoe valley. Montgomery Engineers (1565)
estimate that the potential yield of the Marlette Water System is
somewhat more than 5,000 acre-feet per year. Over the yeaxs this
water system has fallen into a state of disrepair, and Montgomery
Engineers estimate that the cost of rehabilitating the system
would be about $600,000.

The largest nearby source of water is the Carson River
{pl. 1), which is east of the area and which has an average
annual flow at the gaging station, Carson River near carson City,
of nearly 280,000 acre-feet per year (U.S5. Geol. Survey, 1965).
Most of this water is appropriated for agricultural use. Any
development for public supply would require appropriate action to
acquire existing rights or to establish new rights that might be
made available in the future. Regulation of the Caracn River by
construction of Watasheamu Dam, upstream about 25 miles, is
planned as part of the Washoe Project by the U.5. Bureau of
Reclamation, It could provide additional water for Eagle Vvalley.

The ground-water sources along the Carson River include:
east of Bagle Valley, the valley £ill in secs.22, 23, and 26,
T. 15 N., R. 20 E., which could be tested for yield, drawdown,

-and water quality; and south of Bagle Valley, near Stewart, the

valley. £ill in sec. 9, T. 14 N., R. 20 B,; within about half a
mile of the river, which could be tested for yield, drawdown,
and water quality. Any large-capacity wells in these areas ulti-
mately would derive most of their water from the river. New
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wellg at these locationsz alse should be considered with due
respect to water guality.

The estimated yield of Washoe Valley iz 15,000 to 25,000
acre-feet (F. E, Rush, U.S8. Geol. Survey, oral communication,
1966). If any of this water is consgidered eixcess to the needs
of Washoe Valley, the surplus could be exported to Eagle Valley.

pProblems
Water Quality

Potential water-gquality problems exist near and downstyeam
from the sewage disposal plants and in the rural areas where
cesspools and domestic wells are used. The sewage disposal
plant for Carson City is in sec. 15, T. 15 N., R. 20 E., adjacent
o the combined channel of Kings Canyon and Ash Canyon Creeks
(pl. 1). After treatment and aeration in ponds, the effluent
flows eastward in the creek to Mexican Ditch, and discharges into
the Carson River near the center of sec, 11. Similarly, for
Stewart, the effluent from the sewage-oxidation lagoons dis-
charges into Clear Creek, Effluent should be considered a pol-
lution hazard to wells located downstream., The extent of the
hazard would regquire gpecial study.

In the rural arcas where each home has its own well and
septic tank, potential, and possibly actual, water—-quality prob-
lems exist. Federal and State Public Health agencies can supply
information on minimum distances that wells should be placed from
any sewer line, septic tank, and leaching field. wWells usually
should be upslope from possible sources of contamination to
avoid having the ground-water flow move contaminants toward the
wells. Also, perforations in wells should be at a prescribead
distance below land surface, and obviously, no surface drain
water should be allowed to collect around or seep down around the
well casing. Where livestock, such as horses and cattle, are
kept on the premises, wells should be fenced in, maintaining the
minimum required distances from potential sources of contamina-
tion, These precautions will reduce to a minimum the possibility
of transmitting bacteriolegical pollutants from sources on or
near the land surface to the well water,

On the other hand, these precautions will not reduce the
threat posed by the transmission of most chemicals from a source
of contamination te the well. Chemicals can be carried miles in
the underground-water flow system. Examples: (1) nitrate (NDB)
reaching the well water from septic tanks, fertiligers, and
livestock in excess of 45 ppm can be injurious to babies, causing
"methemoglobinemia,” or "blue babies" disease; and (2) chemicals
in household detergents will travel great distances, and a con-
centration of more than 0.5 ppm not only causes the water to foam
when released from faucets but also causes disagreeable taste and
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may be injurious to health (U.S. Public Health Service, 1962).

As mentioned, information on these and other health hazards
can be obtained from the U.S. Public Health Service (1962) or.
the Nevada Department of Health and Welfare, Bureau of Environ-
mental Health, Reno. All persons living in rural areas who may
have questions or doubts about the sanitary condition ol theix
wells should contact one of these health agencies. Ultimately
the rural areas of Eagle Valley may be inciuded in valleyJﬂldg
water-supply and sewage systems, thereby relieving the potential
health hazard that now existsg.

Water Salvage and Waterlogging

Figure 7 shows the areas of ground-water loss by evapo-
transpiration, and figure 5 shows the depth to water. where the
water level is less than about 5 feet below land surface, water-
logging may occur. As the two figures show, most of Carson city
is in the areas of shallow water level and evapotranspiration
losses, Wells drilled for public supply and other usges in sacs.
4 to 10, 17 to 21, and 31 and 32, T. 15 N., R. 20 L., not only
would salvage much of the water now wasting by evapotranspiration
and surface-water outflow, but alse in time wonld relieve sub-
stantially the problem of waterlogged lands within and near the
city. Moreover, if properly distributed, the pumpage togetheyx
with surface-water diversicns would help resolve the problem of
additional water supply needed for the future growth of the area.

Large-Capacity Wells

Moderately large-capacity wells yielding 500 gpm with water-
level drawdowns of 50 feet or less, have been difficult to con-
struct in Eagle Valley. The principal problems basically are
that production is mainly from sand lenses in the valley-fill
reservoir and that penetration of 400 feat or more of the valley
£i111l is usually necessary to encounter enough sand lenses to
obtain the desired yield without excessive drawdown.

Large-capacity wells that derive their supply from sand beds
or lenses require scientific skill in design, construction, and
development. Wells of this type commeonly are gravel-packed;
have both screen and gravel-pack sizes carefully selected and
matched, based on mechanical analyses Of the sand samples; and
are carefully developed, sometimes using air-1ift techhigues in
addition to surge bhlocks to wash down the mud cake, flush out
the finesg, and build up the natural pack outside the artificial
pack. These and many other technigues are employed to engineer
a successful well in sand.

The previously described range in tranamissibility of 20,000
to 50,000 gpd per foot for the best producing wells in the valley
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strongly suggests that using proper techniques, yields of 500
gpm-with drawdowns of 50 feet or less should be obtainable in
Carson City and vicinity., Evaluation of existing well-log

data and a modest test-drilling pregram should indicate the
most suitable areas for drilling in and near the city--particu-
larly in and near the waterlogged areas (fig. 5).
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WELL RECORLDS

Selected Data

A reconnajssance field inspection suggests that at least
300 wells are in Eagle Valley. Table 13 includes information
on about 60 wells, which generally are representative of the

other wells in the valley. Well locations are shown on plate 1.

Drillers' logs for more than 100 wells are available. Table ]4
includes 10 of these well logs selected to provide data on
depth and areal coverage. Their locations also are shown on
plate 1,

Well-Numbering System

The numbering system for wells and springs in this repoxt is
based on the rectangular subdivision of public lands, referenced
to the Mount Diablo base line and meridian. The number consists
of three units: the first is the township north of the base
line; the second, separated from the first by a slant, is the
range east of the meridian; and the third, separated from the
second by a dash, designates the section number. The two letters
following the section’ number indicate the quarter-quarter section
(4d0-acres) s the letters a, b, ¢, and d designate the northeast,
northwest, southwest, and southeast guarters of each subdivision
of the section. A number following the final letter indicates
that more than one well was located in the guarter-guarter
section., For example, well 15/19-12da, assigned to a Carson
Water Co. well, designates that the well is the only well in the
NELSEL sec. 12, T. 15 N., R. 192 E., Mount Diablo base lins and
meridian.

Because of the limitation of space, wells and springs are
identified on piate 1 only by section number and guarter-guarter
section letters., Township and range numbers are shown along the
margins of the area on plate 1.
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Table 14.--Selected drillers' logs of wells in EBagle Valley

\. Thickness Depth
Material (feet) (feet)

15/19-1dc
Topgoil 2 2
gand boulders with clay streaks 178 180
Sand, fine: some water 2 182
Clay, yellow 68 250
Clay and boulders 60 310
Sand 40 350
15/19-12da
Topsoll 9 9
Clay, yellow 29 38
Granite, decomposed, loose 87 125
Granite, =zolid 11 136
Granite, decomposed 154 290
Granite, white, solid 30 320
Fissure 2 322
Granite, white, solid 59 381
Rock, broken 15 400
Granite, blue, =solid 27 427

- Fissure in rock 24 451

. Granite, bhlue, sclid 19 470
15/20~4ha
gand and clay 131 131
Rock is ‘ 150

15/20-5bal

Sand 2 2
Sand and c¢lay 17 19
Sand and rock 86 105
Rock and clay 37 142
Clay, hard, compact 2 144
Rock and hard clay 11 155
15/20-8bb
Tapsoil 3 3
Hardpah 3 &
Sand and clay 7 13
Clay : 2 15
sand and clay 20 35
Clay 15 50
. Sand 70 120
. sand, coarse ' 45 165
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Table 14,--gelected drillers!

logs——-continued

49.

Thickness Depth
Material (feet) (feet)
15/20-8bb-—continued
Shale 17 182
Band and gravel 16 198
Shale 12 210
Sand and gravel 18 228
Sand 42 270
Clay 37 307
Roclk, hard 1 308
Sand 24 332
Shale 23 355
Rock, hard 4 359
Clay 1z 371
Shale, hard 21 390
Shale, very hard 33 427
Granite, hard () 431
15/20-10ad
Soil and clay 2 B
Sand, fine 7 1%
Sand and small boulders 11 26
Clay, hard, and boulders 60 86
Gravel, cemented, and clay, _
sand streaks 86 172
Clay, small sand strealks 173 345
Conglomerate rock 15 360
15/20-15ac
Sand 3 3
Hardpan g 11
Sand and c¢lay, brown 14 Z5
Clay, blue, sandy 84 109
Sand, blue, and small gravel 7 116
15/20~16db
Clay, black, and topsoil 30 30
Sand, gray, and clay 10 40
Sand and gravel 10 50
Clay, blue, and sand 10 60
sand streaks of clay 30 90
Sand and gravel 10 100
Clay, blue, and sand 20 120
Sand streaks of blue clay 30 150
Clay, sandy 10 160
Sand streaks, blue clay 10 170
Clay, bklue, and sand 10 130
Sand streaks, blue clay 10 190



Table 1l4.--Selected drillers' logs--continued

Thickness Depth

Material _ {feat) (feet)
15/20-16db--continued
Clay, blue, and sand 20 210
Sand 10 220
Sand streaks, blue clay 10 230
Sand 10 240
Sand and blue clay 30 270
Sand 10 280
Sand and blue clay 4.0 290
Sand with rough streaks 20 310
Sand . 10 320
Sand gtreaks, blue c¢lay 10 330
Sand and zandy shale 10 340
Sand and clay with rough streaks 10 350
Shale, sandy, and sand 10 360
Shale, sandy 10 370
Clay, blue, and sand 10 380
Sand 10 390
Sand with blue clay 8 38
Clay, blue, hard 270 668
15/20-17c¢l
Soil & 6
Gravel 9 15
Clay, sandy 2 17
Gravel 5 22
Sand and gravel, coarse 9 31
Gravel and houlders 59 © 90
Clay and gravel, sandy 5 95
Clay, blue 5 100
Clay, s=sandy, soft 4 104
Clay and gravel, hard 10 114
Sand and gravel i1 125
Clay, sandy, some gravel 3] 19l
Ssand, fine, little gravel 3 199
clay and gravel, sandy 14 213
sand and gravel S 218
(lay and gravel, sandy 70 288
¢lay, blue 2 290
Clay, blue, szandy, some gravel 41 331
sand and gravel 4 335
Cclay, blue, and gravel 55 390
Clay, blue, sandy 46 436
sand gravel, c¢oarse 5 441
Clay and gravel, sandy 18 459
sand and gravel, coarse 18 477
Clay and gravel, sandy 18 495
Clay, sandy & 501



Table 14.--5elected drillers' logs--continued

‘ Thickness Depth
Material (feel) o {feet)
15/20-18ca_
Topsoil 3 3
Clay, yellow, sandy, hard 17 20
Gravel, ceoarse, some water 4 24
Gravel and sand mixed, some water g 32
Gravel, tight 3 35
Clay, brown, tight 4 39
Clay and gravel & 45
Clay, sandy, with larger gravel 36 81
sSand and gravel 11 92
sand _ 10 102
Gravel (conglomerate), water 13 115
Sand and clay 20 135
Clay, very hard 4 139
Clay, yellow mud, hard 10 : 149
- Clay, yellow, hard 11 160
Gravel, vexry hard packed 5 165
Clay, vyvellow, hard 15 ' 180
Clay, yellow, softer 8 188
Granite, hard, gravel 2 190
Clay, yellow, sandy, hard 4 194
Gravel, coarse 4 lag
Clay, yellow, haxrd 56 254
Sand, hard, and rock 5 259
Clay, yellow, hard 41 300
Clay, yellow, cemented and gravel 8 308
clay, yellow, hard ) 314
Sand, hard, and rock 2 316
Sand and rock 2 318
Clay, yellow, hard 6 324
Clay, yellow, hard, and sand 6 330
Clay, hard 10 340
Clay, sand pack (hard) 45 385
Gravel with clay 3 388
Sand 2 390
clay, vellow, hard 14 404
Clay, white, hard & 410
¢lay, white, sandy and hard 10 420
Clay, brown; coarse sand 3 423
Clay, brown, some water 15 438
Clay, gray 6 444
Clay, brown, gravelly 6 450
Ledge rock, brown 2 452
Clay, brown, sandy 6 458
Clay, gravelly 17 475
Rock, brown 15 490
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Table 14.--8elected drillers' logs--continued

Thickness Depth.
Material ' (feet) (feef) .

15/20-20cc
Topsoil, sandy 1 L
Clay, sandy 4 5
Hardpan 30 35
Sand 5 40
Clay, sandy 4 44
Clay 60 ig4
Clay, sandy 46 150
clay, blue 4 154
Clay, sandy 22 176
Granite, decomposed 21 1987
Granite, hard 37 234
Granite, blue 4 238
Clay and szand 10 248
Granite, blue 3 251
Clay, sandy 1 252
15/20-32dd2
Soil and sand 27 27
Sand and clay 12 g
5and, coarse 21 60
Sand and clay a0 150
Clay, sand, and boulders 105 345
gsand, heavy 99 444
Clay and sand 16 460
Sand, coarse 48 508
sand and hard boulders 3 511
Sand 7 518
Rock 7 525
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LIST OF PREVIOUSLY PUBLISHED REPORTS IN THIS SERIES

Report

Report
. No. Valley No. Valley
Newark (out of print) 25 Coyote Spring

1
2 Pine (out of print)

3 Long (out of print)

4 Pine Forest

5 Imlay area (out of print)
6. Diamond (out of print)

7 DResert

8  Independence

9 Gabbs '

10 Sarcobatus and Qazis

11 Hualapai Flat
12 Rkalston and Stonecahin

13 Cave

14 Amargosa

15 Long Surprise
Massacre Take Coleman
Mosguito Guano
Boulder

16 Dry Lake and Delamar
17 Duck Lakes
18 Garden and Coal
19 Middle Reese and. ahtaelope
20 PBlack Rock Desert
Granite HBasin
High Rock Lake
Sumnmit Lake
21 Pahranagat and Pahroc

22 Pueblo Continental Lake
vVirgin Gridley Lake
22 Dixie Stingaree
Fairview Pleasgant
Eastgate Jersey
. Cowkick
24 Lake

26
27

28
29
30
31
32
33

34

36

37

.38

Kane Spring

Muddy River Springs

Edwards Creek

Lower Meadow TPatterson

Spring(near Panaca) Panaca

Fagle Clover

Dxry

amith Creek and Icone

Grass (near Winnemucca)

Monitor, Antelope, and Kobeh

Upper Reese

Lovelock

gpring (near LEly) (out of
print)

Snake

Hamlin

antelope

Pleagant :

Ferguson Desert (out of print)

Huntington

Dixie Flat

Whitesage Flat (out of print}

Eldorado - Piute Valley

(Nevada and California)

Grass and Carico Lake

(Lander and Fureka Co.)

Hot Creek

. Little Smoky

1.ittle Fish Lake
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