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FORLWORD

The program of reconnaissance water-resources studies was authorized by
the 1960 Legislature to be carricd on hy the 1.5, Ceolegical Survey in Cooper-
ation with the Department of Conservation and Natural Resources, Division of
Water Resources.

This repert is the 59th report prepared by the staff of the Nevada District
Office of the U.S. Geological Survey. These 59 reports describe the hydrology
of 208 hydrographic areas.

The reconnaissance survevs make avallable pertinent information of great
and immediate value to many Stote and Federal agencies, the State cooperating
agency, and the public. As development takes place in any arca, demands for
more detailed information will arise, and studies to supply such information
will be wndertaken. In the meantime, thesce timely reconnaissance-type studles
meet the immediate needs for information of the water resources.

Roland D, Westerguard
State Tnginger

1576 ‘ Nivision of Water Resources
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CONVERSION FACTORS

For those readers who may prefer to use metric units rather than English units,
the conversion factors for terms in this report are listed below:

Maltiplication
Fnglish umit Metric unit factor to convert

from English to

metric quantity

Inches (in) - Millimetres (mm) 25.4
Feet (£t} Metres (m) | 0.305
Miles (mi) Kilometres (km) 1.61
Acres Square metres (m?) 4,050
Square miles (mi?) Square kilometres (km®) 2.59
Gallons (gal) Litres (1) 3.78
Acre-feet (acre-ft) Cubic metres (m?) 1,230
Cubic feet per second (ft®/s) Litres per second (1/s) 28.3
Do. Cubic metres per second (m?/s} 0.0283
Gallons per minute (gal/min) Litres per second (1/s) 0.0631
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WATER RESOURCES APPRAISAL OF TIE
CARSON RIVER BASIN, WESTERN NEVADA

By P. A. Glancy and T. 1. Katzer

- SUMMARY

The study arca lies at the western edge of the Great Basin, and encompasses
six major hydrographic areas and one hydrographic subarea, but excludes most
of the Carson River drainage in California.’ Five of the hydrographic areas are
part of the Carson River drainage basin; the sixth, White Plains, is the terminus
of the Humboldt River basin and connects that drainage to Carson Desert. Packard
Valley is tributary to Carson Desert, but not directly to Carson River. Altitudes
in the Carson River basin range from 11,005 feet in'the Sierra Nevada to about
3,800 feet in Carson Sink. Precipitation averages less than 6 inches per year
at low Carson Desert altitudes, and more than 30 inches at high Sierra. Nevada
altitudes. The study aréa is hydrologically: dominated by Carson River, Lahontan
Rescrvoir, and the lruckee Canal, which carries Truckee River water inte the
basin for irrigation use on the Newlands Irrigation Project. ‘

Table 1 summarizes selected quantitative hydrologic estimates of the study
area. Most of the data of table 1 are described and, more importantly, qualified
in the hody of the text. ' _ : .

Lithologic units delincated for their hydrologic characteristics include
consolidated rocks, and valley-fill deposits made vwp of younger and older alluvium,
The valley-£ill deposits constitute the principal aquifer system, and the
consolidated rocks form most of the hydrographic area boundaries.

‘ Estimates of average ammual water inflow to the study arvea during the 19159-69
reference period are as follows: (1) precipitation (about 1% million acre-feet
annually), (2) Carson River infllow (about 315,000 acre-feet anmually), (3)
Humboldt River tailwaste (about 6,000 acre-feet annually), (4) water imported

from adjacent hydrographic areas (about 180,000 acre-feet annually}, (5) natural
subsurface inflow from adjacent hydrographic areas (about 8,200 acre-feet annually).
Estimates of average armual water outflow from the study area during the reference
period are as follows: (1) an undetermined quantity of precipitation that
gvaporates before it bhecomes. salvable streamflow or ground-water recharge, (2)
evapotranspiration losses from shallow ground-water discharge and consumptive

crop use (about 300,000 acre-feet annually, or possibly more), (3) evaporation
from surface-water bodies (about 250,000 acre-feet annualiy), and (4) subsurface
outflow to adjacent arcas (probably less than 1,000 acre-feet anmially).

" In contrast to the above long-term outflow estimates, the 1971 combined
domestic, mmnicipal, industrial, and livestock use was estimated at about 8,000
acre-feet, some of which was further available for additional uses.

.“



INTRODUCTION

Purpose and Scope of the Study

Water-resource deyelopment in Nevada has increased substantially in recent
years. C(urrent increases relate strongly to urban -and suburban population .
growth. The growing interest in ground-water development has created a sub-
stantial demand for information on ground-water resources throughout the State.
Recognizing this need more than a decade ago, the State Legislature enacted
special legislation {Chapter 181, Statutes of 1960) authorizing a series of
recomnalssance studies of the ground-water resources of Nevada. As provided
in the. legislation, these studies are being made by the U.8. Geological Survey
in cooperation with the Nevada Department of Conservation and Natural Resources,
Division of Water Resources. This 1s the 59th Tcport prepared as part of the
reconnaissance series (fig. 1 and p. iii).

In the early studies, little information was presented on surface-water
resources. Later, the recommaissance series was broadencd to include prel]m--‘
Inary qudntltdt1ve evaluatlona of surface water in the areas studied.

The peneral ohjcctivcs of the reconmaissance Teports during recent studies
have been to (1) describe the hydrologic environment, {2) apprailse the source,
occurrence, movement, and chemical quality of water, (3) estimate- the amount
of average annual potential rechuarge to, discharge from, and yield of the
ground-water rescrvoirs, (4) quantify the surface-water resources, (5) provide
preliminary estimates ol the amount of stored groumndd water, and (6) estimate
the magnitude of the present water-rvesources development. This report
CHCOMPASSEeS Most of these objectives, and because of recent hydrologic devel-
opment in the Carson River basin, several additional ObJECthEb as described
below.

= The Carson River basin is presently undergoing extensive changes caused
by rapld population growth and accompanying development. ‘These changes are
reflected in the increasing utilization of water- resources, growing problems
of sewage disposal, increased citizen concern for maintenance of the desiruble
aspects of the natural environment, including river quality, and increasing
risks from geohydrologic hazards. Therefore, this study also evaluates (1)
present trends of water use, compared to traditional historical uses, (2)
inter- and Intra-basin sewage disposal problems, (3) problems related to water
quality, and (4) gechydrologic hazards. -

Most of the hydrologic field work for this report was done in 1970, 1971,
and the early part of 1972.

Although the river basin encompasses parts of two States, most quantitative
estimates of the water resources are limited to Nevada., California sepments
are -included where records of Carson River streamflow are provided by gages in
California, several miles upstream from the State boundary (pl. 1).



Available data suggest that aside from riverflow, the Carson Valley ground-
water reservoir is the best presently available source of large-quantity, hiph-
quality water. In contrast, (arson Desert has a vast quantity of ground water
in storage, but it is believed to be largely of unacceptable quality for most
uses. Intervening hydrographic areas generally have significantly large quantities
of stored ground water of intermediate quality. All hydrographic areas having
generally good-to-high quality ground water also have localized areas of poor-
quality - water. All the presently imported sewage waste water, of varying quality,
is being delivered to Carson Valley, the upstream hydrographic area of the river
basin; also, much of the study area's rapidly increasing locally-generated sewage
effluent is being injected into upper-basin hydrographic areds., Carson River
water tends: to detericrate in quality downstream because of hoth natural and
- man-~related effects. Reconnaissance data supgest abnormally high mercury
concentrations In river-bottom sediments of Dayton and Churchill Valleyq which
probably resulted from milling operations in the late 1800's. .

*.The available ground-water supply of Carson Desert is unique in the study
area and somewhat poorly understood. Fallon nunicipal and Naval Air Station
supplies are obhtained from a relatively deep basalt aquifer system, but the
quantity of stored water and the replenishment mechanism of the system are not
clknown. Most rural domestic supplies arce obtained from a shallow aguifer system
that may have originated mainly by infiltration of Newlands Reclamation Project
irrigation water, in part imported from the Truckee River; howevern, that aquifer
system i3 belng 1ncreas1ngly threatened by sewage effluent from Lﬂleldual

"residences., : .

The rapld urban growth presently occurring in the Carson River basin not
only stresses the natural hydroltogic system, but, in turn, the natural system
has great potential to stress the urbanizing env1ronment. Principal geohydrologic
hazards in the study area are seismic, flood, and mass earth-movement threats.
The potentials for seismic and flond hazards are great throughout most of the
area. Flood hazards consist of major river floods, generally restricted to the
Carson River flood plain, and flash floods, which individually affect small areas
but collectively are likely to occur over a large part of the arvea. Mass earth-
movement hazards probably are common in some localized parts of the area. -
Infortunately, all types of the above listed harzards might be expected to occur:
in varying combinations with cach other, therchy further magnifying danger to
lives and property through their cumulatlve and coincidental effects. :

The Carson River basin is presently undergoing dramatic changes that depend
on, and can be expected to influence, the hydrologic regime. Because of the
dominance of the Carson River, brrcaaos imposed on upper-basin hydrographic
areas arc very likely to be transmitted to lower-basin areas. Increased
hydrologic knowledge is therefore a primary requisite to develop a needed under-
standing ‘of the natural hydrologic system. = A satisfactory understanding should
be conducive to the efficient selection of plamning alternatives that would aid
in devvlnp1ng a compatible and heneficial aynh;ufiL TC]dT1ﬂth1p between man
and nature in the future, .




Location and General Geographic Features

The Carson River basin lies roughly between lat 38°32' and 40°16' N., and
Jong 119°50' and 118°00" W. The bhasin, which together with Packard Valley and
White Plains make up the study area, lies mostly in west-central Nevada, but
includes some area in California. The river system consists of the East and
West Forks and the mainstem of the Carson River. The basin comprises, in down-
stream order, five hydrographic areas in Nevada (Rush, 1968, p. 18-19): Carson
Valley, Fagle Valley, Dayton Valley, Churchill Valley, and Carson Desert (less
Packard Valley subarea, 177 mi?), which total about 3,365 square miles in Nevada
(fig, 1, pl. 1). White Plains hydrographic area, about 160 square miles. in the
lowest part of the Humboldt River basin, drains to the Carson Desert. The total
area encompasses slightly more than 3,830 square miles including about 112 square
miles in California.

Development has been intensive in recent years throughout the Carson River
basin, with the primary emphasis on urbanization and a secondary interest in
yvecreation, Principal towns within the area include Carson City, Gardnerville,
Minden, Dayton, Virginia City, and Fallon--all in Nevada.

Other Studies and Data

The Carson River basin was one of the first settled and developed areas
in Nevada. Continuous mining activity in the area, including the large-scale
operatians on the Comstock Lode, resulted in many geological studies during the
past 100 years. Published results of these studies are mumercus, but their
relation to hydrology is not sufficient to justify mention in this report.
However, several recently published geologic maps form the basis for the gener-
alized geology shown on plate 1 of this study and these reports are identified
in a later section,

U.5. Geological Survey hydrologic studies in the Carson River basin date
back to the 19th century, Systematic streamflow measurements of Nevada streams
began as early as 1889 when the U.S. Geological Survey began a streamflow
measurement program on the Carson and Truckee Rivers (Chandler, 1505, p. 35).
Results of most of these studies are referenced at appropriate places in this
report.

Hydrologic data are also currently being collected in the area by other
Federal and State agencies., Many hydrologic studies have also been made in
areas immediately adjacent to the Carson River basin, A list of selected
references is included following the main body of this report to provide a
basic, but not exhaustive, list of published documents on local and regional
hydrology that were not specifically cited in the text of this report.



EXPLANATION

Area described in provious report
af the Water Resources Reconnaigsance
Series, and nurnber of report

Area described in this report

0 25 50 75 100 Miles
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Figure 1.—Areas described in pravious reporta of this series, and the area described. in this report

-5




. _ Acknowledgments

Many individuals throughout the report area provided helpful informaticn
during this study. Critically important data were furnished by: Christopher
Altemueller, Gardnerville-Minden Sewage Plant; Julio Alvas, Douglas County
Water Reclamation Project; Leonard Anker, Buhel Heckathorn, Arlan Neal, William
Dunning, and Duane Collins, U.S. Soil Conservation Service; J. Archambault,

Lake Tahoe Area Council Lab.; Bill Berning and Walt Mandeville, Nevada State
Prison; Roger Bialle, of Walters, Ball, Hibdon § Shaw, (onsulting Engineers;

Rob Roy Bittman, Twelfth Naval District, San Bruno, Calif,; Joseph D. Cushing
and R, W. Rose, Naval Air Station, Falleon; James Dunn, Carson City Sewage Plant;
J. D. Frank, Kennametals, Inc.; Clifford Girvan, Jr., Incline Village Improvement
District; Dean S. Kingman, Kingman Engineers, Palo Alto, Calif.; Milton T.
Lakey, Assistant City Engineer, Fallon; Pete Marshall, State Agricultural
Extension Agent for Carson City and Storey Counties; Roger L. Mertens, U.S,
Bureau of Land Management, Winnemucca; Richard Messier and Peter Stein, Lahontan
National Fish Hatchery; William Mueller, City of Minden; Norman Murray, Mark
Lawrence, and Kenneth Harrison, U.S. Bureau of Land Management; Mrs. Alton Park,
Gardnerville Water Company; James Rankin, Carson City Engineer; John Schilling
and lLarry Garside, Nevada Bureau of Mines and Geology; James A, Smiley, U.S.
Bureau of Indian Affairs; Thomas Sullivan, Edward King, and Robert Schriver,
Carson Water Co.; L. A. Wolf, Lyon County Health Dept.; James Williams and

. Jack Sheehan, Nevada Division of Health; Hodges Transportation Corp.; employees
' . of Nevada Division of Buildings and Grounds; J. Lyle Wightman and George Luke,

. Fallon area residents; and numerous other residents of the area. The help ot
. : all these people is greatly appreciated and enthusiastically acknowledged.

i é The authors sincerely apologize to anyone who provided assistance, but whose
¢ mname was inadvertently omitted [rom the foregoing list.



GENERAL HYDROLOGIC ENVIRONMENT

Physiographic Features

The Carson River basin is characterized by contrasting physiographic
features; for cxample, rugged peaks and steep slopes of the Sierra Nevada
contrast with the vast, flat playa surface of the Carson Sink; lush vegetated
highlands of the Sierra Nevada comtrast with the barren rocky peaks of the
southern Stillwater Range; and the green, vegetated floor of Carson Valley
contrasts with the barren, salt-encrusted valley floors of Eightmile and
lourmile Flats in Carson Desert. '

'he Carson River drainage begins in the high alpine zone of the Sierra
Nevada in California. Many small perennial streams, most of which are outside
the study area, flow. into the Rast and West Forks of the Carson River,

Iiphemeral stream channels are numerows throughout the entire basin, and commonly
transmit thundershower and snowmelt runoff. ‘The two main Carson River forks in
the upstream part of the basin flow generally northward and join in the northern
part of Carson Valley. There, the river progressively changes to a more north-
easterly course as it flows through downstream hydrographic areas to terminate
in the Carson Sink,

The four hydrographic areas through which the Carson River flows are
mainly bounded by mountain masses, as shown on plate 1. The major mountain
ranges trend generally northward. However, some ranges also trend northeastward.

The Sicrra Nevada is the dominant mountain range at the western margin of
the basin, and it provides the bulk of the streamflow for the Carson River

system. Other mountain ranges within the basin are the Pine Nut Moumtains,

Virginia Range, Desert Moumtains, Hot Springs Mountains, Stillwater Range, and
the West Humboldt Range (pl. 1}. ‘

The surface configurations of valley floors in the headward areas of the
basin (Carson Valley and Bagle Valley) are affected greatly by streamflow
processes. HMowever, effects of ancient lake Lahontan as a land-surface shaping
ugent become increasingly dominant on valley floors east of Dayton, particularly
in the Carson Desert.

Tn the Carson Desert (including Packard Valley), alluvial fans, flood
plains, and playas compose about 80 percent of the hydrographic arcas. They
are much less widespread in the upstream hydrographic arcas of the river basin,
as the following areal percentages indicate: Carson Valley, 25 percent; Lagle
Valley, 30 percent; Dayton Valley, 25 percent; and Churchill Valley, 30 percent.
These features also cover ahout a“third of the White Plains hydrographic area.
Additional quantitative characteristics of the physiography are summarized in
table 2. Figure 2, a sketch map of the area, shows some of the main physiographic
features.
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Table 2.--Selected guantitative physiographic data

1 | . - : )
Alluvial Consolidated Total ™ Percent  Approximate Maximum

‘ | area rock arca area of total altitude relief
Hydrographic (thousands (thousands {square study (feet)  (feet,
area of acres) of acres) miles) area highest Towest rounded)
Carson Valley 88 182 422 11 11,005 4,620 6,400
{Nev..] ‘ ‘ , :
. Tagle Valley a 13 32 71 2 9,214 4,600 4,600
Dayton Valley 55 178 364 10 7,856 4,215 3,650
Churchill valley 92 222 441 13 8,763 4,080 4,700
Carson Desert 1/~ 1,010 280 2,016 55 8,700 3,800. 5,000
Packard Valley 63 50 177 5 8,210 3,950 4,250
White Plains 52 49 158 4 5,520 3,870 1,650
Entire study

ares (rouded) 1,370 990 3,700 300 11,005 3,800 7,200

a. From Worts and Malmﬁerg, 1966, p. 11.

1. Does not include Packard Valley.

Hydrogeologic Units

A groat variety of rock types occur in the report area; however, for this
recornaissance study the rocks were grouped into three units on the basis of
their general geohydrologic character. The three gemeralized units include
yvounger and older alluvium (the valley-fill deposits), and consolidated rocks.

" The surficial distribution of the lithologic units is shown on plate 1, and

their general character, extent, and water-beaving properties are summarized

in tsble 3. The distribution of lithologic units as shown on plate 1 was
derived mainly through synthesis and minor mpdification of existing geologic
maps of the arca as indicated on the plate. ‘the Tertiary sedimentary-rock unit
of Moore [1960) in Carson, Dayton, and Churchill Valleys is included in most
pluces with the older alluvium for purposes of this report. The authors

recognize that Moore's unit includes substantial areas of consolidated rocks,

hut the scope of this reconnaissance précludes further differentiation.

Plate 1 does not show geologic structural features (mainly faults) that
are illustrated in the existing peologic maps. These features were omitted
because many of the faults cutting consolidated rocks may not influence hydro-
logic interpretations in this area, and the authors believe that the structural
deformation of valley fill has not been adequately investigated at present.
Ground-water hydrology and the development of ground-water resources are
strongly dependent on geologic structure in the valley fill, and therefore,
additional investigation is needed to develop the necessayy data.
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Valley-Fill Reservoirs
Extent and Boundariés

Younger and older alluvium (pl. 1) form the valley-fill reservoirs, which
are the principal known sources of ground water in the area. The best known
evidence of valley-f£ill thickness is contained in lithelogic logs of wells
drilled in the several valleys (table 40). The available evidence and resul-
tant conclusions are as follows,

The deepest well in Carson Valley (1,268 ft) is at 13/19-2Zabb (see section
describing mmbering system for hydrologic sites) near Walley's Hot Springs
(tables 39 and 40}, It apparently did not fully penetrate alluvium, even though
it was drilled less than one-tenth of a mile from the fault contact between
alluvium and consolidated rock. Jowever, the driller's lithologic log lacks
detail (table 40}, Numerous other wells, ranging from 300 to 800 feet deep,
drilled a substantial distance from the valley-fill-consolidated-rock boundary,
also bottom in valley-[ill deposits. Therefore, the valley fill may be at
least a thousand and perhaps several thousand feet thick in places.

Worts and Malmberyg (1966, p. 9) concluded that valley-fill thickness in
Eagle Valley is generally not more than 500 feet, although in some places 1t may
exceed 600 feet. Recent data (1969) disclose an alluvial thickness’ greater than
800 feet at well 15/20-17dd (tables 39 and 40).

Dayton Valley includes several independent or semi-independent valley-fill
reservolir systems (pl. 1). These systems, which are areally separated from each
other by consolidated-rock divides, are as follows: (1) alluvium along the
Carson River between the Carson River gage near Carson City (14/20-2bc) and the
consolidated-rock river canyon just downstream from Empire; (2) alluvium in the
Mound House area generally east of the Carson City-Lyon County border and west
of Dayton; (3) alluvium generally north and south of the Carson River from just
west of Dayton eastward to the bedrock divide bordering Stagecoach Valley sub-
area on the east; and (4) alluvium mainly north of the Carson River from the
western bedrock boundary of Stagecoach Valley to the hydrographic area boundary
of Churchill Valley on the east,

The two deepest wells in Dayton Valley. (17/23-18dd, 822 feet, and
17/22-33cche, 633 feet) did not encounter bedrock; however, wells 16/23-3bd
and 17/23-10bbb did at 178 feet and 234 feet, respectively. Valley-fill thick-
ness may be us much as a thousand feet in some places but probably is thinner
than 500 feet in most areas,

The principal areas of valley fill in Churchill Valley have not been deeply
drilled, the greatest known well depth being 300 feet (18/24-27db) with no
bedrock encountered. The thickness probably is at least several hundred feet
throughout most of the area.

_13_
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Carson Desert has the thickest known valley-f£ill deposits in the study
area,  Lithologic logs of several oil tests (17/29-18bd, 18/28-13ddc, 18/31-20c,
and 22/30-14bbd) clearly show that alluvium is at least several thousand feet
thick. One oil test (18/28-13aad) reportedly penetrated 8,001 feet with no
evidence of bedrock (although the lithologic log lacks detail). Several other
deep holes in the area (table 39) alsc apparently failed to reach bedrock. A
test hole (16/32-19d) drilled for the U.S. Atomic Energy Commission near the
playa at Tourmile Flat penetrated 780 feet of -alluvium without encountering
bedrock (table 40). Results of geological and geophysical studies suggest that
the valley-fill deposits of Fourmile and Eightmile Flats are at least 1,950 feet
thick in some parts of the valley (Nevada Bureau of Mines and others, 1962,

p. 52). Therefore, valley-fill thickuness over much of the Carson Desert probably
is at least several thousand feet, and locally may exceed 8,000 feet.

No data are available to estimate valley¥f111 thickness in Packard Valley
and White Plains. .

External hydraulic boundaries of the valley-fill reservoirs are formed by
the consolidated rocks (pl. 1) which underlie and surround the reservoirs. These
boundaries are leaky to varying degrees. The principal internal hydraulic
boundaries are stratigraphic changes and faults that may cut the valley fill.
Because of a lack of adequate geologic and hydrologic data, the extent to which
these lithologic and structural barriers impede ground-water flow is uncertain *

in most places.

¥

Occurrence and Movement of Ground Water

~ Ground water, like surface water, moves from areas of higher head (water-
level altitude) to areas of lower head. Unlike surface water, however, 1t moves
‘very slowly, commonly at rates ranging from a fraction of a foot to several
hundred feet per year, depending on the permeability of the deposits and the
hydraulic gradient. :

In the Carson River basin, ground water moves from recharge areas in the
mountaing or on the adjacent alluvial slopes to the lowlands, where the water
is ‘either consumed by evapotranspiration and man's activities, or leaves the
valley as stream and ground-water outflow, Carson Desert, which is a "'sink"
area, receives ground-water flow from upstream and from Packard Valley and
‘White Plains. Any ground water reaching the sink is discharged by evapotran-
spiration. : ,

Downgradient movement of ground water from one valley to the next occurs
through alluvium and possibly consolidated rocks. There is no firm evidence
that sizeable quantities of ground water move bétween valleys of the study area
through consolidated rocks. However, downgradient intervalley movement by way
of-alluvium involves every valley of the study area. Estimates of these quantities
are made in the repert sections dealing with intervalley subsurface flow.

Availability of ground water in the several valleys is indicated in general
by well drillers' reports of the depth at which water was first encountered
during drilling, by reported well yields, and by the water levels in the completed
wells (table 39)}.

-14-



. . The ground-water systems of the larger valleys in the report area are ,
complex in that several aquifers may exist at varying depths and within local-
jzed peographic areas. These various aquifers, although collectively part of
the valley-fill reservoirs, may act semi-independently of each other with
regard to their individual hydraulic characteristics. For example, Walters,
Ball, Hibdon, & Shaw (1870, p. 16 and 23) recognized two distinct zones, or
aquifers, in Carson Valley alluvium, which they refer to as a shallow zome and
a deep zone, They note a lack of any continuous confining strata between the
two zones as indicated by well-drillers' logs, but recognize that partial con-
finement of the deep zone by an apparent overlapping of various clay lenses
causes static water levels of the shallow and deep zones to differ. There are
several flowing artesian wells in Carson Valley.

The ground-water reservoir of Carson Valley is believed to be the most
important in the study area because it contains large quantities of good-
quality water.

Occurrence and movement of ground water in Eagle Valley are discussed by
Worts and Malmberg (1966).

The several valley-fill reservoirs unique to Dayton Valley have already
‘been briefly described in the report section dealing with extent and boundaries
of the valley-fill reservoir. Hydraulic heads in these valley-fill reservoirs
generally range from a few feet above to several tens of feet below the land
surface (table 39). Ground-water movement is generally toward the river in the

. three upstream systems. Movement of water through the valley-fill deposits
that include the Stagecoach Valley subarea is less certain, because available
data are inconclusive regarding hydraulic continuity between Stagecoach Valley
alluvium and Carson River alluvium to the south. Natural phreatophyte discharge
of ground water and existence of an alkali-flat playa in Stagecoach Valley, plus
the presence of a gently sloping divide of subdued relief and possibly thin
alluvial cover between that valley and the Carson River flood plain, suggest
Stagecoach Valley may be hydraulically isolated from the Carson River. However,
water-table altitudes beneath the playa and at the river are similar, suggesting
a good possibility of hydraulic continuity between Stagecoach Valley and the
Carson River. Resolution of this uncertainty is beyond the scope of this
investipation. :

No long-term records of static water levels are available for Churchill
Valley; however, it is assumed that the filling of Lahontan Reservoir has caused
a general rise in ground-water levels throughout much of the valley since 1915,
when the dam was constructed., Ground-water levels measured in June 1970 in the
vicinity of the reservoir were all within a few feet of the reservoir surface.

The regional ground-water flow system in the Carson River basin -above
Lahontan Dam is generally downstream toward the reserveir and is mainly controlled
by the surface-water altitude. Katzer (1972) stated that some water probably is

seeping from the reservoir through volcanic rocks and associated alluvial deposits
that are present in the eastern subsurface of the reservoir in the vicinity of
the dam. The magnitude of any subsurface leakage is unknown but probably is

‘ . minor compared to surface-flow releases. -
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Static water levels of the shallow aquifer system in the Carson Desert .
indicate that ground-water flow is generally toward the major natural discharge
areas, namely, Carson Sink, Carson Lake, and Fourmile and Eightmile Flats. The
available static water levels (table 39) suggest that ground water in the Four- S
mile Flat area moves under gentle gradients from the peripheral mountain bound-
aries into the playa area (land-surface altitude about 3,890 feet, or lower)
and is subsequently discharged naturally by evapotran5p1rat10n. Some ground
water also may flow to Fourmile Flat from the northwest by way of the Turtpah
and Eightmile Flat areas, but water levels and flow data are presently too scanty
to allow a confident estimate of water volumes 1anlvad

Morrison (1964, p. 117) discussed ground water in the Carson Déﬁeft‘and
related ground-water occurrence and yield to his detailed knowledge of Quaternary
stratigraphy of the Carson Desert area.

About 150 shallow wells were drilled, dug, and driven by the U.5. Geological

Survey in the Carson Desert in 1904 (before Newlands Reclamation Project irri-

gation began) to investigate natural water quality in the shallow. aquifer system
(Stabler, 1904, p. 33). Water levels in these and other wells suggest that

ground water moved generally in the same directions as surface flow (Stabler,

1904, map no, 6046), and followed the natural distributary system of the Carson

River. DRush (1972) stated that in 1906, when extensive irrigation began in the

area, the levels of Big and Little Soda Lakes began to rise, continuing until -
about 1930. -The total rise in stage for the period was about 60 feet. The

principal cause of the rise was attributed to seepage losses from canals, which
carried water from the Carson River to fields in the Fallon area as part of the .
-Newlands Project of the U,S, Bureau of Reclamation [Lee and Clark, 1916,

p- 672-675). :

Basalt in the Fallon Area

Wells that supply the City of Fallon and the U.5. Naval Air Station extract
water from a basalt agquifer that is apparently interbedded with the valley-£ill
deposits about 500 feet below land surface (wells 19/29-30cba, 30cdbl and 2,
33cbbl, 2, and 3; tables 24, 39, and 40)}. These wells reportedly yield 1 DOO
to 2,000 gal/min. The nonpumping artesian water levels of these wells range
from about 25 to 35 feet below land surface. The dissolved-solids concentration
of the water from the basalt is greater than that of Carson River water but is
generally much less than that of many nearby wells in valley-fill deposits,

The extent of the basalt aquifer, its source of recharge, and its dependable
supply are not known.
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INFLOW TO THE HYDROGRAPHIC AREAS

Precipitation

The Sierra Nevada exerts the dominant control over precipitation within
the Carson River basin., As storms move upslope from west to east across the
Sierra Nevada, much of their moisture is depleted on west-facing slopes. This,
in turn, causes lower precipitation on the east-facing slopes. Because the
Sierra Nevada forms the western boundary of the Carson River basin, the study
area lies mainly in a zone of diminished precipitation (a "rain shadow') with
respect to east-moving storms. Table 4 summarizes the average annual precip-
itation at selected Weather Bureau stations in and near the report area.

Figure 2 shows the location of precipitation measuring sites in and near the

study area,

Snow accounts for the greatest percentage of precipitation within the basin
over the long term; however, the amount of water that results from winter rains
can be significant, especially in the eastern and lower parts of the basin where
snowfall is usually light. Also, intense, generally unpredictable winter rains
on snowpacks commonly cause severe flooding. 'The resulting early depletion of
the snowpack occasionally results in a water shortage during the late summer
growing season. Summer thunderstorms usually affect small areas, often less
than a square mile, but commonly deliver large volumes of water relative to the
size of drainage area in a very short time. They are a relatively unimportant
water source in augmenting the available supply, but they commonly cause severe
local floods, and are one of the main natural landforming agents.

Surface Water

The surface-water resources of the Carson River are well documented at a
few key stations, Streamflow recotrds at these sites are available for many
years--some records date from as early as the 1890's. Definition of streamflow
characteristics is possible even though the basin has undergone extensive
agricultural development and small reservoirs are operated in the headwater area,

No surface water is exported from the Carson River basin, but a substantial
amount is imported. Carson Valley receives treated sewage effluent from the
Lake Tahoe Basin, Eagle and Dayton Valleys receive public water-supply.-imports
from the Lake Tahoe Basin and Washoe Valley, and Churchill Valley receives a
large amount of Truckee River water for irrigation use in Carson Desert.
Churchill Valley also occasionally receives a minor amount of natural surface
flow from the Walker River basin through Adrian Valley, and the (arson Desert
receives overflow from the Humboldt River through White Plains,
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Table 4,--aAverage annual precipitation at weather stations

Average annual

precipitation
Period (in inches) i
of ror Adjusted )
I record - . period - to period
Approximate  Altitude (complete -of record = 1930-68
‘Station location {feet) years) ‘used 1/ {rounded)
Marlette Lake 2/  15/18-12 8,000 © 1930-44, - 28.5.. - .29
| : . 1948-52 SR .
Spooner's - 14/18-1 . 7,100 . 1840-42, 27 . 26
Station 2/ ‘ - - 1954-67 . -
Glenbrook 2/ 14/18-15a 6,400 1945-69 19.1 019
Virginia City 17/21-28. 6,002 . 1953-60, - 7.2 9.0
T T 1966 .
Woodfords y 11719-35 5,625 - 1938-69 2003 - 020
Markleeville 3/  10/20-21 . 5,546 1931-36, . 17.8 20
‘ - 1944, . S
1947-48,
. | 1953-60 . D - i
Smith 2/ 11/23-26 4,750 1930-43, R S
- o c 1945:65 . o .
Minden 13/20-32b 4,700 1930-38, 8.7 8.6
S 1940-69
Carson ity - 15/20-17 4,651 1930-69 11.2 a 11,2
Reno 2/ 19/20-184 4,404  1931-69 7 7.6
Yerington 2/ 13/25-15d 4,375 1930-67, - 5.5 - 5.5
- | 1969 . o
Lahontan Dam 19/26-33d 4,158 1930-34, 4.4 4.4
1936-50, :
. 1952-69 | L
Fernley 2/ 20/24-11d 4,160°  .1955-69 So6ll 6.6
Lovelock 2/ 27/31-2bc 3,977 . 1930-35, 5.7 5.7
. . 1937-66, S
\ , o 1968-69 |
Fallon Experiment 18/29-6b 3,965 1930-69. - 5.2 - a 5,2
Station
Nixon 2/ 22/23-1 3,900 1930-47, 7.3 6.9
1949,1952,
1963-69
1. From published records of the U.S. Weather Bureau.
2. Qutside of report area. .
3. Record for 1961-68 estimated, '

a. Index station used for estimating long-term data at other stations.
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Records Available

Four long-term gaging stations on the Carson River system have recorded
river flow since about the turn of the century. In addition, several stations
with short-term records have been, or currently are being, operated on the
mainstem, tributary streams, and diversions. Table 5 summarizes available
streamflow records for the basin, and plate 1 shows the locations of the gaging
stations, The annual flows of the Carson River at specific sites are presented
in table 6, and maximum and minimim recorded discharges at the principal Carson
River gaging stations are given in table 7. Table 8 gives the average anmual
flows at the six main Carson River stations for several different base periods.
Table 9 presents the annual flow records for nonmainstem gaging stations upstream
from Carson Desert, Table 10 lists the maximum discharge at partial-record
stations and shows flow variability. Table 11 presents data for surface-water
reservoirs, including information for headwater reservoirs in California, outside
the report area. Additional surface-water data are available in various U.S.
Geological Survey publications and files, and some are also available in reports '
and files of the U.S. Bureau of Reclamation, Federal Court Watermaster, Nevada
State Engineer, Carson Water Subconservancy District, and the Truckee-Carson
Irrigation District,

The variation of averages at a given streamflow measuring site for different
base periods of record, shown in table 8, suggests that averages for different
measurenent sites are generally not comparable unless the same base periods: are
used. Therefore, this present study utilizes the base period 1919-6¢ of Van
Denburgh and others (1973, p. 19}, so that the hydrologic data, estimates, and
budgets derived for the Carson River basin will be compatible with those of the
adjacent Truckee River basin., No attempt has been made to adjust the flows to
natural conditions because accurate adjustments are beyond the scope of this
recomaissance investigation. Natural flow conditions are discussed by Matthai
(1975), Compatibility of the quantitative data derived for hoth river -basins
i5 desirable because the direct hydrologic interplay between the two river
systems makes them dependent on each other.

Techniques of Runoff Determination

Measured runoff,--The average annual river inflow to the hydrographic
areas was determined using the available streamflow records for a specific site
and then adjusting the averages to the 1919-69 base period. The adjusted annual
averages were determined by synthesizing missing record periods through graphic
and statistical regression correlation methods. The resultant streamflow
averages are shown in table 12,
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Table 5,--selected surface-water records

tributary near Silver
Springs

_ZD-.-

Approximate ‘Perioq{bf . .
Location = drainage record Refer to:
Station Station name {shown on area {calendar -
mmber 1/  (in downstream order) pl. 1) 2/ (mi?) years) 3/ Table Figure
10308200 Tast Fork Carson River 10/20-1l5ac 276 1960-68+ 6,8
below Markleeville
Creek, near
Markleeville, Calif,
10308800 Bryant Creek near 11/21-30ba 31,5  1961-69++ 9
Gardnerville
10309000  East Fork Carson River 11/20-2ac 341 1890-93 6,7,8, 3a,4
near Gardnerville ~1900-19%06 12,16
a 1904-5
S 1808-10
a 1417
1525-28
a 1929
1935-37
_ 1939-60+ :
10309005 Bodie Flat tributary 11/21-9ab 0.46 1966-69+0 10
near Gardnerville
10310000  West Fork Carson River 11/19-34db 65.6 1891, = 18972 6,7,8, 3a,4
' at Woodfords, Calif. 1901-20 12,16
1939-69+
10310400 Daggett Creek near 13/19-28ac 4.07 b 1964 9
Genoa ' ¢ 1965
1065-69+
10310500  (Clear (reek near 14/19-1ba 15,5 1948-62++ 9,10,
Carson City 12
10311600  Carson River near 14/20-2bc 876 d-1939-68+ &,7,8, 3a
Carson City 12,16
10311450  Brunswick Canyon near 15/20-13ab 12.7 1966-69+¢ 10
' New Impire
10311900  Buckland Ditch near 17/24-32db (e) 1%62-69+ 9,172
Fort Churchill 4/ .
10312000  Carson River near 17/24-32dc 1,450 f 1912-69+ 6,7,8, 3b
Fort Churchill 12,16
10312012  Adrian Valley tributary 16/25-31lda 5.75 1967-69+0 10
near Wabuska
10312015  Adrian Valley tributary 16/25-30bb 0.12 1967-65+2 10
near Weeks
10312050  Lahontan Reservoir 18/24-32cd 4,39 1962-69+0 10



Table 5.--Selected surface-water records--Continued

Approximate Period of

==

, : Location drainage record Refer to:
: Station Station name {shown on area (calendar
mmber 1/  (in downstream order) pl. 1) 2/ (mi®) years) 3/ Table Figure
10351400 Truckee Canal near 19/26-4ca (e) 1963-69+ 9,12
' Hazen
10313100 Lahontan Reservoir 19/26-33dc -- g 1917-69+ 5,6
near Fallon
10312150  Carson River below 19/26-34dd h 1,950 1917-69+ 6,8, 6
Lahontan Reservoilr 12,15
10312210  Stillwater Diversion 19/30~-34aa (e) 1966-60+ 15
Canal near Fallen
10312220  Stillwater Slough 20/31-32cd (e) 1966-69+ 15
cutoff drain near
Stillwater
10312240 Paiute Iiiversion Drain  20/30-36be (e} 1966-69+ 15
near Stillwater
10312260 Indian Lakes Canal 20/29-26ab (&) 1966-69+ 15
) near Fallon
‘ 10312280  Carson River below 21/30-19cd (1) 1966-69+ 6,15
. Fallon

(]

1. Gaging stations at which streamflow records have been collected are listed and

mmbered in a downstream direction along the mainstem of the river, with all stations
on a tributary entering above a mainstem station listed before that station.

2. Seec explanation in section entitled "Numbering system for hydrologic sites."

3. Sources of non-Geological Survey data are listed by footnote.

Records are not

complete for all listed calendar years, and in some instances only monthly discharges
are available,. Symbol "+'" indicates stations still in operation following water year
1969, and symbol "++" indicates conversion from a continucus recording station to a

Symbol "@" indicates a partial Tecord

partial record station (peak discharge only).
station for the indicated period of record.
4, Station discontinued Sept. 30, 1971,

Gage heights only, some months,
b. Periodic measurements only in 1964.

Low-flow partial-record site in 1965.

e

No drainage area listed for irrigation ditches.

Records for 1911-31 furnished by U.S. Bureau of Reclamation and those for 1931-50

®

h. Truckee River drainage not included.

urnished by Truckee-Carson Irrigation District,

Records furnished by Truckee-Carson Irrigation District.

a.
C.
d. For discontinued gage data see U.S. Geological Survey 1960, p. 355.
.
£

i. No drainage figure due to diversions betwsen the gage and the Carson River below

lahontan Dam.
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Table 6.--Annual flows of Carson River, water years 1891-1969,
in thousands of acre-feet

[Measured flows are rounded to three significant figures above

100,000 acre-feet and to two significant figures below]

— .
11
v 3 8 lx S0|lxd B = FirgTy %pH% & E% EEE
Water 8 2.9 18 4388 .38 d&8 | 3843 £ [ e =
year 1/ “*’a@tﬁa “*HEJ: HEEG | "Hes | PG| "3 8s | e
- QD — 03 + @ D o =R U o (=T [ TR o | s::gm
AFESs |88y | 88sSy |85 L 488|878 (830
T S R ﬁ e |27 TR g | =20 E %ri = Lo
i.'iﬁ L o — ) L = |- o w— AN
= o] P =
1801 445 95
1892 400
1893 654
1894-1900 No record
1901- 379 104
1902 242 99
1903 324 a5
1904 a 396 129
1905 a 254 79
1906 a b09 164
1907 a 651 210
1908 a 200 72
1909 383 141
1910 308 103
1011 a 467 144
1012 al7g 73 174
1813 a 183 74 161
1914 a 450 108 617
1915 a 312 87 297
1916 a 367 a 114 550
1917 a 333 95 a 493 467
1918 a 242 56 a 243 223 316
1919 a 262 73 a 273 256 306
1920 a 217 53 a 164 145 293
1921 a 290 a 81 a 314 288 328
1922 a 343 a 103 a 475 460 508
1923 a 276 a 80 a 348 329 431
1924 a 118 a 29 a 115 al 286
1925 a 277 09 a 285 267 307
1926 143 a 53 a 131 114 284
1927 320 a 94 a 360 341 a 360
- 1928 187 79 a 190 170 a %60
1929 a 149 0 a 112 .92 a 260
1930 192 a 52 a 168 310

. 149




Table 6,--Annual fleows of Carson River, water years 1891-1969--Continued

. ' ‘ )
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1931 a 121 a 31 a 86 162
1932 a 292 a 82 a 326 284
1933 a 163 a 43 a 142 287
1934 a 128 a 39 a 98 140
1935 a 254 a 69 a 230 241
19346 252 a 82 a 296 274
1937 228 a 74 a 281 321
1938 a 460 a 127 g 592 541
1939 a2 163 30 a 163 311
1940 273 76 2BS 331
1941 250 78 263 330
1942 355 106 428 456
1943 33] a0 425 474
1944 177 47 177 265
1945 307 76 332 299
1946 255 76 ZB7 415
1947 181 48 - 180 348
1948 180 56 170 273
1649 194 5l 187 354
1950 254 77 263 333
1951 349 09 434 555
1952 459 127 576 534
1953 256 78 286 511
1854 200 53 197 488
1955 160 49 134 380
1956 436 124 550 573
1957 228 69 243 557
1958 340 oR 376 583
1859 147 42 128 453
1960 128 38 00 268
1961 115 120 31 75 160
1962 234 253 63 239 252
1963 297 320 o2 I69 442
1964 168 171 50 158 422
1965 360 372 120 434 505
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Table 6.--annual flows of Carson Rivér;'waterlyeérs'1891?1969?-Cdntinued

1 - il
Tom Fae . - i} . ~ i~ Lol
¢ 1w 27|28 Bl 2oleealle 55|:E5
i — A r— ~f 3 )
weter |5 5 8 1H S4|EE 318 531 EEON|E,5% | 8Ys
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[£5] e B Ti 1 el = - | = Bt |2 g0+ | = — | = oo
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=y ] B o
1966 183 192 ot 188 171 571
1967 417 408 99 482 449 470 81
15638 181 186 60 183 lez 354 - 8.4
1969 452 489 124 588 561 526 130
Average for ‘
available 267 284 81 . 276 264 377 -
period of \ : L
record
Adjusted
average :
for base 241 251 71 272 252 b 380 .-
period of
this study,
1919-69

1. A water year is from October 1 through September 30, Thus, December 1968
is in the 1969 water year.
Flow figures prior to 1967 furnished by U.S. Bureau of Reclamation.
a. Record synthesized by U.S. Bureau of Reclamation, Lahontan Basin Office,
Carson City, Nev. (Nathan Geering, oral commm., 1971). Correlations

are based on nearby streamflow records and snow-survey data; 1n some
vears monthly-flow data were available from records of the Nevada State

Engineer,
b. Rounded.

ra
]
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Table 7.--Maximum and minimum recorded discharge at the principal
Carson River measurement sites through 1963 walter year

Maximm discharge 1/ Minimm discharge 1/

: Cubic Cubic
Hydrologic feet feat
site per | per

- mumber Station name Date second Date second
11/20-2ac  East Fork Carson Dec. 23, 1955 17,600 Dec. 4-10, &

River near , 19-23, 1904

Gardnerville :
11/19-34db West Fork Carson  Feb. 1, 1963 4,890 Dec. 23, 1961 5

River at '

Wood€ords,

Calif.

14/20-2bc  Carsen River near Dec. 24, 1655 a 30,000 Aug. 7, 1961 3
Carson City

17/24-32dc Carson River near Feb. 2, 1963 15,300 (b) " 0
Fort Churchill

I

1. Instantaneous.

a. Probably exceeded during the flood of March 18, 1907, which washed out the .
gage (see flood section). '

b. No flow during some periods in nearly every year since 1923; flow affected
by Buckland Ditch, which diverts 400 feet upstream.

-25-



Table 8.--average annual streamflow at Carson River gaging
Statlﬂn&, in thousands of acre-feet (rounded),
for different reference pariods

Average Average
Period annual Period annual
(water years) streamflow (water years} streamflcw

10/20- 153c Fast Fork Carson River near Markleeville, Calmf

a 1961-69 - 267 S be . 1919-69 241
~ 11/20-2ac__East Fork Carson River near Gardnerville
a 1891-93, 1901-3, ¢ :15919-69 251
1909-10, 1926-28, | d 1917-50 236
1830, 1936-37, 282 - e 1931-60 251
1940-69 £ 1918-67 247
b 1891-93, 1901-69 284 g 1919-69 245
11/19-34db West Fork Carson River at Woodfords, Calif. |
a 1891, 1501-15, ~ o d 1917-50 67
- 1617-20, 1925 84 e 1931-60 : 72
1928-29, 1939-69 f-1918-67 ' 68 .
b 18591, 1901-69 81 g 1919-69 70 §
c 1919-69 71 :
. 14/20-2bc__ Carson River near Carson City .
a 1940-69 279 c-1919-69 ‘ 272
b 1917-69 _ 276 d 1917 50 253
17/24-32dc Carson River near Fort ChUlChlll
a 1912-6% 264 e 1913-60 - 255
¢ 1919-69 252 £ 1918-67 246
d 1517-50 236
19/26-34dd Carson River below Lahontan Reservoir, near Fallon
a 1918-26, 380 ¢ 1915-69 378
1930-69 d 1917-50 343
b 1918-69 377
a. Actual period of record.
b, Period of record including synthesized data.
C. Reference period used in this report.
d. U.S5. Bureau of Reclamation, 1954, p. 38 of "Substuntiating materials."
e, Pacific Southwest Inter-Agency Committee, 1972, p, 111, Flows modified
for 1965 conditions.
f. Pyramid Lake Task Force, 1969, appended summary, p. 6.
g. Flows have been adjusted for conditions at the State line as follows; «

Bast Fork Carson River near Gardnerville: 250,000 acre-feet minus
estimated 5,000 acre-feet inflow from Bryant Creek in California.

West Fork Carson River at Woodfords: 71,000 acre-feet plus estimated

5,000 acre-feet inflow between gage and State line, and minus estimated."
7,000 acre-feet consumptive use by vegetation between gage and State

line (net State line total rounded).
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Table 9.--annual flow at nonmainstem gaging stations,
in thousands of acre-feet

[Flows rounded to three significant figures]

Truckee Canal
Water Bryant Creek Daggett Creek C(lear Creek Buckland Ditch  near Hazen
year (11/21-30ba) (13/19-28ac)  (14/19-1ba)}  (17/24-32db) (19/26-4ca)

1949 2.89
50 - 3.93
1951 5,02
52 | 8,14
53 5.42
54 3,45
55 2,81
1956 5.63
57 o 3.5%
58 4.85
59 | 2.98
60 2.23
1961 1.87
62 4.25 2.27
63 ©6.02 5 16.1
64 2.67 14.8 a 262
65 5.00 : - 16.5 a 250
1966 3,40 0.875 | 17,0 a 237
67 9.22 1.55 1 16.4 : 216
68 3,56 1.08 14.9 122
69 14.5 b 2.58 1 . 19.5 114
Average 6.08 - ' 3.03 16.5 200

a. Van Denburgh and others, 1973, p. 24.
b. Includes 400 acre-feet of imported sewage in 1968, See table 20.
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Table 10,--Maximum discharge at partial-record stations 1/ .

Maximm annual ¥
discharge 2/

Drainage _ '
5 N area  Water ~ Cubic feet
Station name Location 3/  (mi%) year Month  per second
Bodie Flat tributary 11/21-9ab 0.46 1967 March 3
near Gardnerville 1968 March a 0.1
1969 April 20,3
Clear Creek near Carson 14/19-1ba 15.5 1963 January 170
City 1964  -- 35
1965 -- - 58
1966 April 9
1967 March 110
1968 February 130
1969 April 87
Brunswick Canyon near 15/20-13ab 12,7 1966 Aupgust ad
New Empire 1967 March 63
1968 May a 0.1
1969 January 60
Adrian Valley tributary 16/25-31da 5.75 1968 Aupgust a 0.7
near Wabuska 1969 January  a 0.2
- Adrian Valley tributary  16/25-30bb 12 1968 August al
near Weeks ' 1969  July al
Lahontan Reservoir trib- 18/24-32cd 4,39 1962 --  No flow
utary near Silver 1963  -- .No flow
Springs , 1964 July a 0.2
1965 - No flow
1866 -- No flow
1967 - No flow
1968 -- No flow
1969 -- No flow

1. A partial-record station is operated to collect limited streamflow data
on a systematic basis during high- and low-flow periods.

2. Discharge determined by indirect methods unless otherwise noted.

3. See report section describing hydrologic site mumbering system.

a. Estimated. ‘

-28-



Table 1l.--pata for reservolrs and lakes in the Ca:sdn'River basin

Spillway or

MAX LIMm

water-surface
elevation Maxcimim
above mean operating

‘ Spillway sea level (to capacity 2/ -
- Name " location 1/ nearest foot) (acre-feef) Tributary to

'EAST FORK CARSON RIVER

Upper Kinney Lakel/ 8/20-7¢b 8,536 328  Silver Creek
Lower Kinney Lake3/ 8/20-7bd 8,442 920  Silver Creek
Kinney Reservoir3/ 8/20-8¢cb 8,333 900  Silver Creek
Wet Meadows3/ ~  9/19-27ad 8,030 450 Pleasant Valley
- Creek
Sumnit Lake3/ 9/19-27db 8,022 31 Pleasant Valley
- Creek .
Raymond Lake3/ 9/19-25aa a 8,980 50 Pleasant Valley
Creek
Tamarack LakeZ3/ 9/19-21cc 7,890 404  Pleasant Valley
- - S Creek" :
Upper Sunsetl/ 9/19-27ba 7,858 68 Pleasant Valley
: - Creek
Lower Sunset3/ 9/19-22dc 7,823 860 . Pleasant Valley
- Creek
Heenan Lake3/ 9/21-3ch 7,084 2,948 Heenan lLake Creek
Indian Creek 10/20-4¢ 5,604 3,100 Indian Creek, a
Reservoird/ : tributary to
S East Fork Carson
‘ River
Allerman no, 1 5/ 13/20-26ca 4,856 ‘437  Allerman Canal
; 13/20-35ba ' ‘
Allerman no. 2 13/20-26ch 4,838 248 Allerman Canal
Allerman no. 4 13/20-14ba 4,836 867 Allerman Canal
WEST FORK CARSDN RIVER
Upper or East a9/18-12aa 8,598 92  Headwater of West
Lost Lake 3/ Fork
Lower or West 9/18-1dc 8,546 127 Headwater of West
Lost Lake 3/ Fork
Crater Lake 3/ 10/18-11ca 8,522 320 Crater Lake Creek
Scotts Lake 3/ 10/18-2aa 8,001 736  Scott Creek
Red Lake 3/ 10/18-23ac 7,867 1,103 Red Lake Creek
Mud Lake 11/20-4ad 5,100 4,700 West Fork Carson
Reservolr River
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Table 1l.--Data for reservoirs and lakes in the Carson River basin--Continued

Spillway or
maxintim
water-surface
. elevation Maximum
S above mean operating
: Spillway sea level (to capacity 2/ .
Name - location 1/ nearest foot) (acre-feet) - Tributary to

\ . MAIN STEM CARSON RIVER
- Ambrosetti Pond 14/20-30cc a 4,660 ' 200  Carson River

Unnamed pond in 16/20-25bb. - -- - No surface
gypsim quarry o B - -~ outflow
Lahontan 19/26-33dd 4,164 . b 322,000 Carson River
Reservoir (1917 datum)} '
Soda Lake 6/ 19/28-7,8 3,988 35,000 No surface
- | : gutlet
Sheckler ‘ 18/27-13ab = 3,990 11,000 . AA Canal
Reservoir 2/ ‘ :
S Line Reservoir2/ 19/29-28ca a 3,950 : 1,495 S Canal
Harmon ReservoirZ/ 19/30-32aa 3,526 1,700 §-2 Canal
Ole's Pond 2/ =~ -19/29-14bd 3,939 2,000 Ole's Pond
- (1917 datum) outlet
Stillwater FPoint 19/31-16ba 3,900 7,000 Canal
Reservoir 2/ '

0ld River ~ = 19/29-7hd 3,958 1,100 Canal -
Reserveir 2/ . -

See report section describing hydrologic site numbering system.

Outside of study area, not shown on plate 1.

Reservoir contents dnmlnated by 1mp0rted sewage from Tahoe Basin.
. Dual outlets.

From Rush (1972),

Estimated,

From Katzer (197Z).

lwall Ve T T SN PV S S

-
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Table 12.--Estimates of average annial streamflow at
hydrographic area houndaries, 1919-69 water years

Acre-feet
PeET year
inflow
Inflow to From Name of stream or canal Location  (rounded)
" Carson Carson East Pork Carson River at 11/20-25bc a 245,000
Valley - Valley Stateline
(Nevada) (Calif.) '
West Fork Carsen River at 11/20-8bc a 70,000
.Stateline :
Carson Eagle Clear Creek near Carson 14/19-1ba . _ 3,000
Valley Valley City ‘
__________________ Carson Valley total _ _ _ - 318,000
Dayton Carson Carson River near Carson 14/20-2bc 272,000
Valley Valley City ~
Dayton Eaple Kings and Ash Canyon - b 4,000
Valley Valley Creeks plus Carson City
sewage effluent
Dayton Valley total 276,000
_ Churchill  Dayton Carson River near Fort 17/24-32de 252,000
Valley Valley Churchill
& . Buckland Ditch near Fort 17/24-32db 16,000
. : Churchill
Churchill Walker Adrian Valley 16/24-35hc 1,000
Valley River
basin . ‘
Churchill  Truckee Truckee Canal near Hazen 19/26-4ca 170,000
Valley River _ ‘ ‘
Churchill Valley total 439,000
Carson Churchill Carson River below 19/26-34dd 380,000
Desert Valley Lahontan Reservoir near
Fallon
Carson Truckee Truckee Canal at diver- 20/26-22, 10,000
Desert River sions to Hazen and 19/26-4,
Swingle Bench areas for and
irrigation 19/26-22
Carson White Lower Hunboldt Drain 23/28-24¢ c 1,000
Desert Plains ' ‘ ,
Carson Desert total 391,000

1. Outside study area,

a. Flows were determined for nearest gaging stations near Gardnerville,
Markleeville, and Woodfords (table 8), and were then adjusted for
conditions at the State line,

b. Sewage effluent estimated to average 500 acre-feet per vear for
period 1919-69,

¢. Istimated by chamnel-geometry methods developed by Moore (1968).
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‘Estimated runoff,--Where stream-gaging records were not available|, the ‘
ungaged runoil from tributary streams was estimated using the indirect methods '
developed by Moore (1968). The relaticnship between altitude, precipitation,
and average annual runoff was defined for each hydrographic area at the
mountain front., The resultant runoff estimate was refined using the channel-
-geometry technique (Moore, 1968). The accuracy of the runoff was checked by
comparison with runoff estimates derived using actual streamflow measurements
which were correlated for long-term average when such data were available.
Data used in the checking process are shown in table 13. Table 14 summarizes
the estimated runoff from tributary streams for the four mainstem hydrographic
areas. .

Local runoff into Carson Valley was estimated by Piper (1969, p. ¥7), who
employed a statistical technique based on the relation between runoff and land-
surface altitude, combined with coefficients for horizontal variations. For
Carson Valley as a whole, the results of Piper's method and the methods used
in this report to estimate runoff are compatible., However, there are miror
disagreements in some of the subareas of Carson Valley, as might be expected
when indirect techniques are used. Piper's water budget for Carson Valley is
discussed in the Water Budget section of this report.

Streamflow Characteristics

The dominant hydrologic feature within the Carson River basin study area
is the river, It generally flows peremnially throughout most of its reaches. ..
Many perennial tributaries in the river headwater areas drain the east slope ._
of the Sierra Nevada, and although some other tributaries do not flow perennially .
in their lower reaches near confluence with the river, they do play a vital
role in ground-water recharge. The number of peremnial tributaries decreases
in a downriver direction. Downstream from the head of Dayton Valley, all trib-
utaries are ephemeral near their confluence with the river. - Therefore, stream-
flow through these tributaries usually reaches the river as surface flow only
during times of substantial runoff caused by large rainfall or snowmelt. The
major source of water for the Carson River is the winter snowpack in the Sierra
Nevada, but minor amounts of water are contributed locally by rainstorms.
Streamtlow characteristics for the various hydrographic areas are described
below.

Carson Valley.--The time distribution of runoff within a given year at the
stream-gaging stations above Lahontan Reservoir is, in general, believed to be
very similar to that of the East Fork Carson River near Gardnerville (11/20-2ac,
pl. 1). The streamflow records for this site are believed generally to typify
natural runoff distribution from the headwaters of the river basin, because the
East Fork Carson River is the largest tributary of the headwater drainage, and
stream{low at this site is virtually unaffected by manmade diversions and
impoundments.
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Table 13.--Instantaneous measured flow of several
Carsen River basin tributaries

Stream Location Date %%i%?g;ge Tributary to
Thompson Canyon near 12/22-31ch Apr. ¢, 1969 2.24 Pine Nut Creek
Gardnerville o
Pine Nut Creek near 12/22-31cb Apr. 9, 1969 5.85 Carson Valley
Gardnerville 1/ 12/21-25ak Apr. 9, 1969 9.35
12/21-10ch Apr. 9, 1968 5.39
Sept. 8, 1969 .30
12/21-5bc  Apr. 9, 1969 10.9
12/21-6bc  Apr., 9, 1969 10.0
Apr. 14, 1569 14,8
12/20-2ad  Apr., 9, 1969 8.12
Apr. 14, 1969 14.0
Buckeye Creek near - 13/21-24ba Apr. 14, 1969 7.60 Carscn Valley
Gardnerville 1/ 13/21-19ac  Apr. 14, 1969 7.94
- 13/20-24cc  Apr. 14, 19695 4,99
- Mott Creek near 12/19-4cc  Sept, 11, 1969 3.48 West Fork Carson
Genoa ‘ Oct. 2, 1970 2.26  River
Nov. 9, 1970 2.75
Dec. 9, 1970 2.84
Feb., 9, 1971 3.25
Mar. 5, 1871 3.26
Mar. 10, 1571 3.13
Mar, 24, 1971 3.89
Genoa Canyon ear 13/19-9cd  Sept. 11, 1969 .94 Carson River
Genca .
Sierra Canyon near. 13/19-4db  Sept. 11, 1965 = 2.06 Carson River
Genoa Aug. 5, 1971 .a 340

Unnamed tributary 18/25~13ba July 19, 1971 a 460 Lahontan Reservoir
to Lahontan
Reservoir

Unnamed tyibutary 17/24-10ab July 20, 1971 a 1,700 Lahontan Reservoir
to Lahontan ‘
Reservolr

a. Peak discharge determined by indirect measurement methods, and rounded to
two sipnificant figures.
1. Listed in downstream order.
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Table 14.--Estimated average annual runoff at the mountain front
from ungaged trikbutary streams in Nevada

. ,, Percentage
Runotf of total river Percentage
Hydrographic area - basin Acre-feet-- - of total
area (acres) runoff area of rungff ~ Tunoff
Carson Valley (Nev. 61,000 13 - a 15,000 75
part only) '
Dayton Valley 130,000 28 1,400 7
Churchill Valley a8 ,200 22 © 500 4
Carson Desert 173,000 37 b 3,000 15
Total (rounded) 462,000 100 20,000 100

a. Estimated Carson Valley runoff from combined Nevada and California
segments, downstream from the Markleeville and Woodfords river
gages, is 34,000 acre-feet per yedr,

" b. Includes 600 acre-feet from Packard Valley and 100 acre-feet ‘from
White Plains.

Base flow is reached in late summer, and flow then increases slightly
through the fall and winter months until the snowmelt season starts in early -
‘spring. Maximum anmual flows can normally be expected in May and June. .
Surface-water runoff from April through July generally accounts for about 40 to -
60 percent of the total annual flow, Figure 3a shows the monthly flow distribu- |

tion for the Fast and West Forks of the Carson River, which together equal the
total river inflow to Carson Valley. Also shown are similar data for the Carson
River near Carson City (14/20-2bc), which document total river outflow from
Carson Valley. The average annual flow of the East Fork Carson River near
‘Gardnerville for the 1919-69 base period is 251,000 acre-feet, that of the West
Fork Carson River at Woodfords (11/19-34db),.71,000 acre-feet, and Carson River
nedar Carson City, 272,000 acre-feet. Outflow from Carson Valley generally
exceeds inflow from November through March, mainly because of the combined
effects of ground-water inflow, local runoff to the river, and reduced evapo-
transpiration losses. Usually, the irrigation season ends during late September
or October; the weather at that time is considerably cooler, and evapotranspira-
tion therefore decreases markedly. With the first warm weather of spring,
generally in March, irrigation begins again, and river inflow to Carson Valley
begins to exceed rviver outflow to Dayton Valley. This net reduction of stream-
flow is due mainly to the increase in evapotranspiration and ground-water
recharge. ‘

Carson Valley receives a small amount of surface flow from Eaple Valley
via a diversion from Clear Creek at 14/19-4cab (site not shown on pl. 1), That
diversion is estimated to average about 100 acre-feet annually and is used to .
irrigate pasture on the Schneider Ranch in northern Jack's Valley (Harry
Scimelder, ordl commui., 1972}.
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Flow-duration curves for the East and West Forks are shown in figure 4.
These curves show the amount of time a given flow was equaled or exceeded; for
example, a flow of 100 £t?/s on the West Fork has been equaled or exceeded 26
percent of the time during water years 1939-69. This does not mean that in
any given year this flow will be reached 26 percent of the time; but over the
years, this flow will average about this value if conditions are approximately
equivalent to the 1939-69 period.

Fagle Valley.--Eagle Valley is not traversed by the Carson River, but is
tributary to the river. According to Werts and Malmbery (1966, p. 19) the
surface-flow quantities entering the Carson River are about 3,000 acre-feet
per year fram Clear (reek (enters the river upstream from the Carson City gage),
and about 3,500 acre-feet per year from the remainder of Eagle Valley. In
addition, for the period 1919-69, an estimated average of about 500 acre-feet
per year of Carson City sewage effluent flowed to the river.

Dayton Valley.--The Carson River gage near Carson City (14/20-Zbc) Tecords
river flow from Carson Valley to Dayton Valley. 'lhis flow averages about
272,000 acre-feet annually. The river furnishes the major part of streamflow
entering Dayton Valley. Runoff from Eagle Valley, excluding Clear Creek, enters
Carson River below the Carson City gage, as discussed in the previous report
section. This inflow, principally from Kings and Ash Canyon Creeks and Carson
City sewage effluent, is estimated to have averaged about 4,000 acre-feet per
year. Therefore, the combined streamflow entering Dayton Valley from Carson and
Tagle Valleys is about 276,000 acre-feet annually (table 12).

Churchill Valley,--The combined flow of Carson River (252,000 acre-feet
anmually) past the gage near Port Churchill (17/24-32dc) plus Buckland Ditch
(16,000 acre-feet annually, 17/24-32dh) represent total surface-water outflow
from Dayton Valley and are the major inflow components to Churchill Valley.
Often during summer months, river reaches between the Carson City gage and the
Fort Churchill gage are dry. River flow at the Fort Churchill gage also commonly
ceases in late swmer, as shown in figure 3b. The lack of flow at the Fort
Churchill gage, however, is because the Buckland Ditch, which diverts just
upstream from the Fort Churchill gage, often carries the entire river flow
during late summer. ‘he combined average annual flow of the river and ditch
represents the cumulative flow at this hydrographic boundary; it averaged about
268,000 acre-feet anpually for the 1919-69 base perilod.

Huxel (1969, p. 22) estimated an average annual flow of about 1,000 acre-
feet per year from the Walker River in Mason Valley through Adrian Valley to
the Carson River in Churchill Valley, downstream from the Fort Churchill gage.
However, this quantity represents an estimated long-term average; flow occurs
only during extremely wet years.
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Lahontan Reservoir is the largest surface-storage facility on the Carson
River, and has a flashboard capacity of 322,000 acre-feet. Figure 5 shows the g
annual maximum and minimum stages of the reservoir for the period 1917-72 .
calendar years. Most of the Truckee Canal water diverted from the Truckee
River at Derby Dam enters Lahontan Reservoir near Lahontan Dam. The amount of
water reaching the study area was estimated by Van Denburgh and others (1973,

p. 48, 57) to be 180,000 acre-fect per year for the base period 1919-69. Of
this total, ahout 10,000 acre-feet was diverted to thc Hazen-Swingle Bench area
(in the Carson Desert hydrographic area), and the estimated amount entering
Churchill Valley through the lruckee Canal (19/26-33dc) enroute to Lahontan
Reservoir was 170,000 acre-feet per year.

Carson Desert.--The Carson River gage below Lahontan Dam (19/26-34dd) _
measures surtace-water flow from Churchill Valley to (arson Desert. Streamflow
at this site is controlled by reservoir releases, and averaged about 380 ,000
acre-feet anmually for the base period. Figure 6 shows reservoir releases
during the 1917-72 calendar years. This water is used primarily for irrigation
in the Fallon area (pl. 1), but some also provides habitat for wildfowl in the
Stillwater Wildlife Management area and adjoining areas. These uses are more
fully discussed in later sections of this report.

As previously mentioned, during the 1919-69 base period, about 10,000
acre-feet per year was diverted from the Truckee Canal for irrigation in the
Hazen-Swingle Bench area (pl. 1).

The surface-water outflow from the Newlands Irrigation Project is not
completely accounted for by direct flow measurement. Since 1967, the Geologlcal
Survey has recorded Carson River flow just upstream from .the (drqon Sink ,
(21/30-19cd), and also has recorded the flow of four canals tributary to the
Stillwater Wildlife area (sites 195/30-34aa, 20/31-32cd, 20/30-36bc, and '
20/29-26ab). Table 15 summarized available flow data for these five sites.
Additional flow data for Carson Desert are available from the Truckee-Carson
Irrigation District in Fallon and the U.S. Bureau of Reclamation in Carson City.

Packard Valley and White Plains,--Some streamflow reaches the Carson -Sink
of Carson Desert from Packard Valley and White Plains. The flow from Packard _
Valley prohably is less than 100 acre-feet per year and generally occurs as the
result of thunderstorms. The flow into White Plains, which represents terminal
discharge of the Hunboldt River, is estimated to average about 6,000 acre-feet
per year, The flow from White Plains into (arson Sink is estimated to average
about 1,000 acre-feet per year. The inflow-outflow quantitles were estimated
by a channel geometry technique developed by Moore (1968, p. 36-68) and natural
discharge evidence,
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Tabhle 15.--Measured Carson Desert streamflow, return flow from irrigated lands,
and flow from reservelir spills (thousands of acra-feet) 1/

[Flows rounded to three significant figures] ‘
Flow Hydrologic ‘ Water year
measurement site -
site number 1967 15968 1969 1970 1971 1972 1973
Carson River below 19/26-34dd 470 354 5206 471 374 363 328
Lahontan Reservoir 2/
Carson River helow 21/30-19cd 81.1 .41 130 68.3  74.9 6.03 6.66
Fallon 3/

Stillwater Diversion 19/30-34uaa 35.7 29.0 35.9 62.6 44.3 32.7 26.8
Canal near Fallon 3/

Stillwater Slough 20/31-32cd 23.8  26.0 28,9 31.1 Z1.D - 22.8  21.3
Cutoff Drain 3/

Paiute Diversion Drain 20/30-36bc 7.45 5,25 7.22 9.59 6.45 6.35 6.44
near Stillwater 3/ :

Indian lakes Canal 20/29-26ah 18.2 10.4 16.7 16.2 18.5 15.7 8.90
near Fallon 3/

1. Records for other years and other stations are available from Truckee-Carson

Jrrigation District, Fallon and 15,5, Bureau of Reclamation, Carson City. =
2. Measures outflow from Lahontan Reservoir. n
3. Measures flow to Carson Sink and Stillwater Wildlife Management area. .L
Floods

Carson River floods.--Many floods have occurred on the (Carson River since
settlément of the area began in the middle of the 19th century. Table 16 lists
quantitative data for a select group of recorded floods. ‘'The floods listed in
table 16 generally represent the major floods recorded at the various streamflow
measurement sites in the river basin. The U.S5. Department of Agrluulture (1973)
presents a more complete listing of specific floods and also describes interesting
historical details of cach individual flood. The data of table 16 and those of
U.S. Department of Agriculture (1973) show that floods camnot be accurately
predicted on the basis of a cyclic pattern of recurrence; tor example, since
1860, the longest fleod-free period (about 14 years) dpdeLntly occurred bhetween
January 1914 and March 1928, whereas more than one flood occurred during several
individual years of record. The last major recorded flood occurred in 1964,
therefore, the historical record suggests that statistical odds favor recurrent
flooding in the not too distant future.

Nearly all known floods on the Carson River were caused by heavy rains
falling on a substantially heavy snowpack, and the flooding resulted fram the
combined effects of rainfall, runoff, and snowmelt.
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Table 16.--Summazy of guantitative streamflow data for
selected historic floods of the Carson River

Peak flows, in cubic feet pef second 1/

East Fork West Lork  Mainstem Mzinstem
Date of near at near near Fort
peak flow Gardnerville Woodfords Carson City Churchill Remarks
1850
May 28 a 4,260 No record No record Snowmelt
' maximum : ‘
ohserved
June 9 b 1,280 Snowmelt
wez -~ oo ToTmeTmTmTmomoomeeT ST EmTmTT T
- Dec. 25 a 5,540 Ne record No record No record Rain on snow
AN I
observed
607 oo T TTTT TToTosTmE s T
Mar. 18 No record d 4,000 No record Rain on snow
M X Imum
daily 2/
May 17 c 1,450 -
maximum
daily
151
Jan. 23 No record e 5,160 Rain on snow
26 : e 6,150
maximum
daily
May 2 e 1,050
/2
Dec. 11 £ 10,300 g 3,500 No record Rain on snow
14 | £ 5,500
ma i
mean daily
s~ o T e .
Jan. 21 g 5,420 Rain on snow
22 g 8,500
24 g 6,300
Apr. 28 g 1,200
ivggp- -~~~ oo T ‘H__l ___________________
Nov. 20 h 4,730 "~ Rain on snow
21 h 12,100 _
22 h 15,500
23 . h 7,850
max:imtm
daily
Dec, 3 h 4,640 h 1,880
mean daily  mean daily _ '
4 _ h 7,280
' mean daily
5 h 7,100

mean daily

—_—— e — — — e T B o — — — o — — — W TR m— ERE . —— —— —— —— —— —— TP TR o E o Em AL U e e



Table 16.--Summary of gquantitative streamflow data for
selected historic floods of the Carson River--Continued

Peak flows, in cubic feet per second 17

Fast Lork  West Fork  Mainstem Mainstem
Date of near at near  near Fort
peak flow Gardnerville Woodfords Carson City  Churchill Remarks
1955
Dec. 23 i 17,600 i 4,810 : Rain on snow
24 i 30,000 - ‘
26 B i 9,080
‘ H=E Wi
daily
1T 5
Feb. 1 j 13,360 Jj 4,890 j 21,500 Rain on snow,
2 ' j 15,300 pground frozen
gea =~ oo T o T T e e e
Dec, 23 j 8,230 J 3,100 : Rain on snow
25 ‘ - J 8,740
26 i 7,220
1. Momentary maximum discharge, except as noted.
2. Guge washed out after daily reading was taken.
. From Newell, 1894, p. 116,
b. From Newell, 1891, p. 351.
c. From U.5. Geological Survey, 1913, p. 165.
d. From .5, Geological Survey, 1910, p. 126.
e. From U.5. Geological Survey, 1917, p. 218 and 219.
f. FProm U,S. Geological Survey, 1939, p. 78 and 79.
g. Yrom U,5. Geological Survey, 1945, p. 142, 155-157.
h. From U.S. Geological Survey, 1953, p. 186, 188, 150, 191.

From 11.5. Geological Survey, 1958, p. 170, 171, 174, 175,
From U.5. Geological Survey, 1970, p. 714, 717, 722, 727.

1

Records are sketchy regarding floods prior to 1890 and quantitative flow
data are unavailabile. However, several gualitative summarles of early floods
have been published. Thompsen and West {1958, p. 34) provide a brief account
of a very early flood: ' '

"On the twenty-fourth of December 1852, it commenced to snow
in Carson Valley; in two days three feet of it was lying over the
whole face of the country, and six days later the ground was barve.
-The sudden melting of the vast field of snow caused a greater flood
in the Carson River to usher in the year 1853 thar has since occurred
" [through about 1880]."

The fleood of 1862 was apparcntly extreme, with disastrous comseqguences.
Rain or snowfall occurred for 54 consecutive days after December 24, 1861.
This caused intermittent flooading during the period, but the peak flow occurred
between January 9 and 12, 186Z, as a result ot general rainfall. The towns of
Bmpire (now an abandoned townsite northwest of the river just upstream from
Brunswick Canyon) and layton were particularly hard hit. Several persons were
reportedly drowned at Dayton, and a mumber of buildings were washed away. Parts
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of the Empire area were immdated by 6 to 8 feet of water during the flood peak
(McGlashen and Briggs, 1939, p. 476). Bridges and other property belonging to
settlers in Carson Valley were also seriously damaged (Grace Dangberg, oral
commun, , 1972). It was probably the greatest known flood up to that time in the
area of Dayton and downstream. It may well have been greater than the floods of
1852 and 1955, but quantitative data are umavailable.

Thompson and West (1958, p. 364) also discussed the 1862 flood, but their
description is limited to its effects in Carson Desert as fo;lows:

"The Carson River overflows annually. The most noted occur-
rence of the kind took place in January 1862. Before then, the
waters of the Carson emptied directly into the Upper Sink, and
passed thence through Carson Slough and Stillwater Slough, into
Lower Sink. The dry river bed could be plainly seen in 1861,
through which 0ld River now flows, carrying with it direct into
the Lower Sink a great part of the waters of the Carson, instead -
of by the Upper Sink, and thence by the sloughs. The same flood
cut a chammel where New River now runs, and also changed the out-
let of the Upper $ink into an inlet, taking some of the water from
New River and emptying it into the Upper Sink. - The remainder flows
by Stillwater Slough into the Lower Sink thus flowing past the
west side of the town of 5tillwater."

The major channel changes apparently caused by this flood, as recounted
above, reinforce the conclusion that the 1862 flood was indeed a major flood.,

River flooding again damaged the towns of Dayton and Empire in 1867. Peak
flow occurred on December 26, but the river remained at flood stage for several
days. Peak flood stage at Empire was 2 feet lower than the 1862 peak (McGlashen
and Briggs, 1939, p. 477),

U.S. Department of Agriculture (1973, p. 7-10) described interesting details
of floods during 1874, 1875, and 1886.

Extensive flooding also occurred in January 1890, Again, flooding was
caused by heavy rains on a thick snowpack. Although runoff was general through-
out the upper Carson River basin because of the combined rain and snowmelt
rumoff, the flooding was locally intensified by ice-jam damming. Flooding
recurred in early February after warm weather caused release of the ice jams
and increased snowmelt runoff., Parts of Fmpire were flooded on February 6 and
the gold mills along the river were put out of operation by the high water.

More flooding occurred again during early May 1890, when the unusually heavy
snowpack melted quickly in upper basin areas (Mc(ilashen and Briggs, 1939,
p. 477 and 478).

The flood of 1907 also resulted from rain on snowpack. Grace Dangberg
{oral commun., 1972) witnessed the flooding in Carson Valley. GShe recalls
that some of the local flooding in the Minden-Gardnerville area originated
from the rains rapidly melting snowpack in the Pine Nut Mountains., Data of
table 16 show only a 4,000 ft*/s discharge at the gage near Carson City (gage
was located about 8 miles downstream from present location). However, the
gage washed cut after the daily reading was taken, and therefore the peak flow
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was apparently not recorded. "The magnitude of this flood may rank with the
1862 and 1955 floods. The greatest flood of record occurred in late December N
1955; again heavy rains on a thick snowpack caused the flood, : .

Upper Carson River basin areas, particularly Carson, Dayton, and Eagle
Valleys, are at a critical stage in planning history with regard to decisions
involving Carson River flood hazards. If construction in such areas continues,
flood-protection measures may be required.

The Carson River basin is now -somewhat unusual, compared to many river
basins of similar size, in that it has nc major upstream flood-storage reservoirs
above Lahontan Reservoir. In addition, much of the flood-plain area is not yet
extensively developed. However, upstream storage facilities might be subject
to earthquake hazards, a possibility that has yet to he adequately investigated.

Rﬁgardless'of future changes in river-management policy, the historical
record demonstrates that major river floods must be expected, but that their
timing and wmagnitude cannot be predicted.

Tlocal flash floods.--Flash flooding, although probably the most common
geohydrologic hazard in.the Carson River basin, is also probably the hazard
least recognized by the general populace. Most flash floods in populated areas
achieve a degree of short-term notoriety, but are guickly forgotten. Urban and
other land-use planning, to date {1975), seems to have penerally not addressed
the problem of flash flooding in western Nevada. .

Flash €loods can result from winter rains and summer thundershowers. The _
winter floods frequently cover extensive areas, affect numercus small streams | .
simultaneously, and usually contribute to major river floods. They generally N
result from moderate to heavy rains on a heavy snowpack or on frozen ground,
and the rains commonly continue for a period of many hours or even days. In
contrast, the flash floods associated with sumner thundershowers, commonly
referred to as ''dry mantle floods' by the U,S. Department of Agriculture,
usually result from extremely intense rainfall on a much smaller geographical
area and for a much shorter timec duration, often less than am hour. The resulting
flood 18 frequently more intense and usually of a much shorter duration. It
quickly mobilizes quantities of sediment and debris that combine with the water
to form a mixture that moves as a potentially destructive flood wuve. The crest
of this flood wave frequently exceeds normal winter peak flood-flow quantities,
and it therefore inundates areas not usually considered part of the stream's
normal flood plain. Occasionally the water-sediment mixture completely abandons
the normal stream chamnel and seeks a new route downhill. This redirected flow
occurs bhecause the moving debris commonly clogs normal chamnels and conveyance
structures. lherefore, definition of flood plains and restrictive zoning of
hazardous areas with regard to summer flash floods is normally much more difficult
than that for winter {loods. Risk to lives and property from the summer floods
is just as real as that from winter floods--and possibly even greater, because
victims are usually subjected to additional hazards from the debris, and because
warning of an impending summer flood is usually much shorter than that of a
winter flood,
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Qualitative and quantitative data have been collected for several flash
floods in the Carson River basin duving recent vears by the 1.5, Geological
Survey. These data and accompanying interpretations are planned for future
publication in a special report on flash flooding in Nevada.

Ground-Water Recharge

Most techarge is provided by precipitation on mountainous areas, with the
water veaching the valley-fill reservoirs by secpage loss from streams on the
altuvial slopes and by underflow from the consolidated rocks. Even in the
mountains and on alluvial slopes, however, most of the precipitation evaporates
before infiltration, whereas some of the remainder adds to soil moisture, and
some reaches already-saturated lowland areas. Thus, only a small percentage
actually finds its way to the ground-water reservoir. On most valley floors
in the study area, precipitation quantities are small, and infiltration to the
ground-water reservolr is generally minimal.

Potential recharge is estimated in this report using the general method
described by Eakin and others (1951, p. 79-81). The method assumes that for
any given altitude zone, a particular percentage of total precipitation poten-
tially recharges the the ground-water reservoir, with that percentage depending
on the average amount of precipitation within the zone. The term 'potential
recharge" is used because not all of the computed recharge (table 17) actually
reaches the ground-water reservoirs in the hydrographic areas. Along the western
side of Carson Valley, runoff from the Sisrra Nevada, a part of which represents
potential ground-water recharge, reaches the river, marshes, and bog areas before
it can infiltrate to the ground-water reservoir. Similarly, in the upstream part
of Dayton Valley, some potential groumd-water recharge water {runoff from Eagle
-Valley and Brunswick Canyon) enters the Carson River before it can infiltrate:
’into consolidated rocks or reach any valley-fill deposits. Likewise, a minor
amount of peripheral streamflow enters Lahontan Reservoir in Churchill Valley
before it can enter the ground-water system and therefore becomes a part of the
surface-water system.

Tahle 17 lists the estimated potential recharge in the Carson River basin.
The table shows an estimated 16,000 acre-feet of potential ground-water recharge
in the Carson Valley part of California below the Markleeville and Woodfords
river gages. An unknown part of this quantity probably is rejected as recharge
because of the limited extent of valley-fill deposits in this area (pl. 1), or
because the water is intercepted by the river before it reaches the valley fill,

Total precipitation and potential recharge for the entire Carson River
basin in Nevada (not including White Plains) are about 1,300,000 and 36,000
acre-feet per year, respectively. Therefore, only ahout 3 percent of the over-
all precipitation is estimated to make up potential recharge. For the Nevada
parts of the individual hydrographic areas, potential recharge estimates range
from 0.2 to 9 percent of the total precipitation. The lowest percentages are
for valleys in the eastern part of the area, where precipitation is small and
catchment areas with potential recharge capability are limited in extent.
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Tabla 17.--FEstiwarad potential geound=water Techarye

. tatimoted preclplfarion Eavimared parantial vecharge
Frecipitaticn Parcantagn )
zana Area Range Averspe of total . Avre=fast
(twaat) {Actres) [inchea} Faar Acre—feet pracipitation par_year

E.A_ESON VALLEY - CALIFGENIA
West Favk Carson Elver

15,000-10,873 370 wED 3.3 b, 2060 300
B, 00010, 00 3,460 30-40 3.0 9,700 2,300
#,000-53, 000 4,260 27-30 2.4 10,000 15 2,300
7,000—4, D) 4,180 25-17 2.2 9,200 2,300 .
&,000-7,000 3,880 20-3% 1.9 7,400 1, B}k -
5,000-6,00K 9,920 14-20 1.3 13,000 i 2,308
4 HED-5, N0 2,320 A= 12 .38 1,400 a 37
Subtotal _ —_— _ —
{roundad) 28,0900 — - . 52,000 20 10,600
Eanr Fork Carson River
9,000-1, 50 it | =14 2 TED 25 40
3,000-9, 02 4,180 2004 1.8 7,500 0 1,500
7,000-8, (U 11,620 1520 1.5 17,000 15 2,800
B, N0=-7,000 11,004 12-15 1.1 11,000 7 Bao
5,15D-6,000 13‘ LU0 B-12 N} 14,000 3 420
BubkLiral = . e
(rounded) 43,900 - - 51,000 Ll 5,400
Toesl,
Calif. 71,900 - - 10,000 16 16,000
(¥ounded)

CARSNN VALLEY - NEV&IA

. Pang of Carson River "
9,000, 4 50 791 w2k 2.0 1,600 24 40D
&, 000-9,000 £, 440 Ma24 1.4 12,000 20 4,400
7, 000-4, DUl 22,600 15=20 1.5 34,000 i5 5,100
6, D00=7 03N 53,000 12=l5 1.1 58,000 7 4,100
5 DO, D06 74, 60N Beid N 66,000 3 1,800
&,620-5,000 41,400 =8 ] 21,500 ! mi!:ﬂ minor
Subtotal 159, 000 - - LRI 7 14,000
{ counded} .
Wear af Cavesn River
9, 0005, 591 4A1 x30 2.6 1,300 kPl
B, D01 D00 4,720 27-30 2.4 R A00 75 1,200 _
7,000-5,000 5,580  25-27 1.2 12,000 1,000 :
b, 000-7,000 6,50 20-25 1.9 12,000 3,000
5,000-5,000 14, 400 12-20 1.3 1%,000. 10 1,900
4,620-5,000 40,300 H-17 .8 32,00Q 3 Dhi)
Subtotal Lo — _— - =
¢ ronndad) 7,000 -- - B3, 000 11 11,000
TaLsl, .
Nevada 270, 000 - - an, aon g 25,000
{rounded] .
Geand eoral, .
Carann Yallay, 342,000 - - 370,000 1 41, D0
Calff, and Nev, .
DAYTON VALLEY
A, Dt YEY 6493 =30 1.5 1,300 i) 260
7,000--8,000 10,600 15-20 1.5 16,000 15 S 2,400
&,000-7,000 43,800 12-15 1.1 48,000 7 3,400
5,00D0-6, MK} 74,900 &-12 B 60,000 i 1,400
4, 81 5=5, 000 103,000 4] -5 5,000 " minar minar
Total (reended) 233,000 - - 180,000 & 7,900
CIIURCHILL VALLEY
8,000-8,763 775 . nl§ L4 1,Z00 15 180
7,000-#, (160 4,530 12-1% 1.1 5,000 7 350
6, X1=7 000 32.000 812 .8 26,000 3 . 7B
4,070-6,000 277,000 =B .5 138,000 minor mlnor
Total (rounded) 114,000 — — 170,000 0.8 1,300
CARSON DESERTL/
40004, 790 450 L 1.5 .1: 1) 15 . 100
7,000-4,000 6, 9480 12-15 1.1 . TJT00 7 . 3D
6, 000-7,4000 26,800 Lo ) .8 21,000 3 630
3,845-6,000 1, 260,000 =8 W5 630, 000 minor minor
tatal (rounded) 1,790,000 — — §60, 000 0.2 1,180
WAITE FLAINS
5, 56H1=6, 110 125 =R N} 100 1 100 -
3,B75-5,500 101,000 B .5 51, OO minoe *
Total {rounded)  L01,000 - — 53,000 minoT =100
PACYARD VALLEY
7, 500-3,206 930 =15 1.5 1,400 15 nn
&, 500=7, 500 3,560 12-15 1.1 3,900 7 270
5,500-6,500 8,760 faj2 ] 7.400 3 20
3,950-5,500 44, 800 ] -] 43,000 ninor minoy
Tatul (Faundad) 113,000 _ — 62,000 1 710

1. Excluding Packard Valiey,



A comparison of estimated mountain-front runoff with estiiated potentlal
recharge for other hydrographic areas in Nevada discloses that runoff averages
ahbout twice the potential recharge. Considerable variation occurs in individual
hydrographic areas throughout the State, with presently available ratios of
runoff to recharge ranging from about 0.04 to about B, Ratios computed for the
Carson River basin are as follows: Carson Valley (Calif. and Nev. parts com-
bined), 0.8; Eagle Valley, 1.5; Dayton Valley, 0.2; Churchill Valley, 0.7; and
{Carson Desext (EXCludlng Packard Valley), 2.7. The Dverall ratio for the river

«system is 0.9, which is considerably below the statewide average. The overall

Tatio reflects the dominance of the wetter upstream hydrographic areas of the
Carson River basin. The generally low runoff-recharge ratios of the upper
Carson River basin are similar to those for most of the upstream hydrographic
areas of the Walker and Truckee River dralnageq LGlanLy, 1971, and Van Denburgh
and others, 1973).

The trend of lower-than-average runoff-recharge ratios generally common to
contiguous hydrographic areas along the front of the Sierra Nevada has several
possible explanations: (1) the estimates of recharge, runoff, or both may be
in error because of inaccuracies inherent in the presently used estimating
techniques, (2) the lack of high-altitude precipitation data may have caused
overestimates of precipitation, and hence excessive recharge estimates, in areas
immediately adjacent to the Sierra moumtain front, or (3) the geologic character
of the consolidated-rock uplands may induce above-average recharge in the
consolidated rocks, accompanied by reduced runoff quantities at the mountain
fronts, thereby reducing the runoff-recharge ratio. Thus, users of these
estimates should be aware of their limitations.

Natural Subsurface Inflow

Natural subsurface inflow to the valley-fill reservoirs can be of three
general types: (1) inflow from the surrounding consolidated rocks within a
valley watershed, which originates as infiltrated precipitation and runoff;
{2) underflow from an adjacent watershed mainly through surficially exposed
consolidated rocks, with subsequent subsurtace leakage into the valley-fill
reservoir; and (3) inflow from an adjacent upgradient valley through valley-
fill deposits (alluvium) and (or) through consolidated rocks buried by the
valley fill.

The first type of inflow is included in the estimates of recharge in
table 17; the propoltionate amount recharged in this manner is unknown. The
second type of inflow may occur more fxcqucntly than originally assumed in the
Great Rasin Region. However, the evidence is generally indirect; for example,
a notable imbalance in the hydrologic hudget of an adjaCCnt'vallcy, and {or)
favorable flow gradients between the valley-fill reservoirs of adjacent valleys.
Favorable gradients in themselves are only suggestive; however, combined with
ohvious hydrologic budget imbalances, they become stronger evidence.for leakage.
Atthough no inflow of this type to the Carson River basin is known or suspected
on the basis of available LVidanc some outflow may occur in Rawhide Flats

(p. 55)..
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The third type of ground water inflow, through alluvium Cvalley £ill), can
be computed using a form of qur,y 5 law: . S _ .

Q= 0.00112 TIW

in which Q is the quantity of flow, in acre-feet per year; T is'the'tfdnamissivity,
in gallons per day per foot, I'is the hydraulic gradient, in feet per mile, W is
the width of the flow scction in miles; and the factor 0.00112 converts’ hallons
per day to acre-feet per year. Table 18 sumarizes this type of ground-water
inflow to valleys of the study area.

Imported Water

The Carson River basin receives water imports for irrigation and municipal
supply. It also receives sewage offluent from the Lake [ahoe basin.

Itrigation water enters the basin from the Truckee River by way of the

Truckee Canal. ‘lhis import is one of the main lTT1giT10ﬂ supplies to the Newlands
Trrigation Pxo)ect lands of the Fallon arca. Average annual import by way of the
ganal has been an estimated 180,000 acrc-feet for the period 1919-69 (Van Denburgh
arnd others, 1973, p. 48, 57}. About 10,000 acre-feet is diverted from the Truckee
Canal to irrigate about 1,400 acres of Carson Desert land in the Hazen and Swingle
Bench area. ‘Therefore, about 170,000 acre-feet per year reaches Lahontan Reservoir
in Churchill Va]ley

Imports for municipal use ‘come to Lagle Valley and @irginia City areas by
way of the Marlette-Hobart component of the State-owned Marlette Water System.
Presently {1971), -the imports are mainly from the Hobart Reservoir watershed
which is tributary to Washoe Valley, but during the past century significant ._
amounts were iﬂpDTth to the Virginia City area from Marlette Lake (not shown on
pl. 1), which is part of the Lake Tahoe drainage basin. Table 19 lists quantities
of water imported from the Marlette Watér System during recent years. Several
‘estimates of the averagé anmual yield of the system are as follows (rounded to
the nedrest humdred acre-feet):

(1) 5,200 acre-feet (Montgomery EnLlneera ol Nevada, 1965, p. V-3
and appendix T11),

(2} . 8,100 acre-Teet (Nevada Tegislative (_DI]]IHJ.H"-:J.OTL 1969, p. 24),

{(3) 7,100 to 7,400 acre-feet (Creegan and D'Angelo, Lonqultlng
hnglﬂ@@ls, and Christoph J. Altemueller, Consulting Lngineer,
in Nevada Legislative Commission, 1971, p. TV-3),

The average imports from thdt system to the CarsonsRiver basin (Fagle Valley
und’ Virginia ity areas combined) during recent years (tahle 19) range from
about 440 to 760 acre- tcct, anmually. Therefore, based on the above estimates,
the Marlette Water System is currently (1971) utilizing only about one-tenth
of the estimated average annual water supply.

‘Sewage water has been exported to Carson Valley from the lake Tahoe bhasin
for several years. A planned program of total sewage export from the Tahoe
Basin to protect its wnique envivonment is well underway; as a result, Carson
Valley since 1968 has hecome the recipient of effluent from three major sewage
treatment plants located around the east and south shores of the lake., The
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Table 19.--water imported from the Marlette Water System 1/

Imports to Carson River basin (acre-feet)

State Purchased by

Water distribution Purchased by Purchased by Lakeview

year system Carson Water Co.  Virginia City development Total

1966 253 331 - 166 ' . 750

1967 182 124 136 , 442

1968 278 400 160 : 838

1969 256 340 1o4 760

1970 255 212 191 -3 ‘ 661
5 - 646

1971 253 168 220

1. Data from recards of Nevada Division of Buildings and Grounds. The
data update table 5 of Worts and Malmberg (1966).

South Tahoe Public Utility District began exporting its treated effluent by
pipeline to' Indian Creék Reservoir (table 11) in 1968. The Douglas County
Water Reclamation Project began to export treated effluent from its Round Hill
treatment plant to Carson Valley by way of. Daggett Creek in 1969. In January
1972, the Douglas County facility discontinued use of Daggett Creek and began
exporting its treated effluent directly to the Carson River through a new pipe-
line system (Julio Alvas, Plant Manager, oral commun., 1972}. According to
Mr. Alvas, some future diversion of the treated effluent from the pipeline for
irrigation in Carson Valley is probable. The Incline Village General Improve-
ment District plant began export of its treated -effluent to Carson Valley in .
1971. The bistrict had, as of December 1971, delivered at least 98 percent of
its effluent to the 1.5, Bureau of Land Management and the Harry Schneider
Ranch in Jacks Valley for stockwatering and irrigation. . However, a pipeline
allows effluent to be discharged directly to the river.

The combined import of sewage effiuent from all three sources in 1971 was
about 3,700 acre-feet (table 20). The maximumm capacity of the present Incline
system 1s 3.5 million gallons daily, or about 3,500 acre-feet per year (Cliff
tiirbon, Jr., oral commun., 1972}. That of the Douglas County Water Reclamation
Project is 6 million gallons daily, or about 6,700 acre-feet per year (Julio
Alvas, oral commmn., 1972). The South Tahoe Public Utility District may be
exporting nearly 14,000 acre-feet annually by the year 2006 (Lake Tahoc Area
Council, 1970, p. 5). This means that within just a few decades Carson Valley
could be TCLClVlng about 25,000 acre- féet of imported sewage effluent annually
from ‘the Lake Tahoe basin,
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. Table 20.--Estimated imports of waste water
--. ' to Carson River basin

Inflow per water year (acre-feet)

: ' Import system —
1968 1969 1970 1971

South Tahoe Public Utility District
via Luther Pass to Indian Creek al,Z80 2,470 2,640 2,930
reservoir 1/

Douglas County Water Reclamation
Project via Daggett Creek to 0 a 400+ 550 520
Carson River 2/

Incline Village General Improvement -
District via Spooner's Summit to 0 0 0 a 290
Carson River basin 3/

Total (rounded) 1,300 2,900+ 3,200 3,740

e

1. Data from Lake Tahoe Area Council (1970, p. 23) and Jack Archambault of
" Lake Tahoe Area Council Laboratory (oral commun,., 1971},

., 2. Data from Julio Alvas, plant manager, Douglas County Water Reclamation
Project (oral commun., 1971).

- . . 3. Data from Cliff Girbon, Jr., plant manager, Incline General Improvement
; District Treatment Plant (oral commun., 1971).

a. First year of system operation; therefore, inports took place only part
of the year.
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OUIFLOW FROM THE HYDROGRAPHTC AREAS

§yrface and Subsurface Outflow

All surface-water flow between hydrographic areas within the Carson River
basin is listed in table 12. No surface water flows from the Carson River.
basin to adjacent areas, as all water not percolated or discharged by evapo-
transpiration flows to the %tlllwater Wildlife thd;cmcnt area or to the sink
areas.

Subsurface flow between areas is discussed mainly in the section titled
"Subsurface inflow'' (see table 18). Possible subsurface leakage from the
Carson Lake area of Carson Desert to Rawhide Flats in the Walker River drainage
(not shown on pl. 1) was postulated by FEverett and Rush (1967, p. 17}, because .
the estimated annual discharge from Rawhide Flats was about five times greater
than the estimated recharge. This imbalance resulted in an apparent water
deficiency in Rawhide Flat of about 650 acre-feet per year. Two shallow wells
were drilled in 1971 in the Bass [Flats area, near Carson Lake in Carson Desert;
this area is separated from Rawhide Flats by the Blow Sand Mountains. The
static water-table surface inferred from water levels in these and nearby wells
in Carson Desert suggests- that ground-water movement in the shallow aquifer
system is toward Carson Lake rather than toward Rawhide Flats. However, the
water table in Rawhide Flats is ahout 20 feet Jower than that. in southern Carson
Desert. ‘Therefore, although available evidence. refutes interbasin ground-water
movement from Carson Desert to Rawhide Flats through shallow aquifers, the
possibility of leakage through deeper aquifers still exists. The leakage
requirement to satisfy estimated budget deficiencies in Rawhide Flats, only
about 650 acre-feet per year, is completely masked by the great natural
discharge in the Carson DEHL?t

Public, Domestic, and Tndustrial Supplies

Most of the residents in the study area, as well as industrial and |
cormercial enterprises in the cities and most communities, are served by public
water supplies. Tahle 21 gives estimates of public, domestic, and industrial
water use during the 1971 water year in the Carson River basin., Where possible,
annual estimates were made on the basis of records of water diverted or
delivered to consumers. These records were not adjusted to reflect true con-
sumptive use. When no records were available, consumptive use was cstimated
through population estimates and application of an average use rate of 110
gallons per day per person in most instances. For Minden and Gardnerville, a
higher use rate of 120 gallons per day per person was applied to compensate for
increased water consumption by a tourist population assumed greater than that
of other unmetered rural communities.

Tahle 22 gives a sumnary of estimated ground-water pumpage. for public supply,
domestic, and industrial purposes during 1971, Tables 23 and 24 document. the
municipal water-supply histories of Carson City and Fallon, respectlvely, during
recent vears. _
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Table 21.--Frrimates of publlc, domestic, and industrial water uwse Jurdng 1871 water year

Popilation group or
Facility scrved

Lstimated
L LET71 use

Source of supply farre-foot)

Fasls of estimate

Gardnerville Ranches 1/

Gardnerville
Minden
Genoa

Carson Valley (1ural)
Nevada Medium Hewority Prison 1/
Sublotal (rowled)

Slowart

Carson Valley

2 wells 160
4 wells ' 110
2 wells : 70
Fiow of Gonoa Canyon 1/, springs 20

in Schoolhouse Canyon 1/, some
piped water from Sicrra Canyon 1/,
and Individual wells.

Iidividual wells ) 180 °
2 wells at Modiun Security Prison 84
’ L&0
Fogle Valley
L avctive well 100
Viversions from Clear Cresk to 50

water lawns and grounds

Lstimated population of 1,000,
(inlf course of about 20 acres
at use rate of 2 fuot aamally,

Fetimated populaticn of §20.

Fatimated population of 300,

Fstimated 1?rriju1ai!iurz of 135
plus unknown mmber of Live-
stock.

Latimated population of 1,500.
Latimated popmilation of 380,

Fstimated population 1,000, about
% of which reside only 3/4 of
cach vear, '

Woerts and Malmherg, 1‘366, p. 23,

Carsom Water (lo. Swells in dagle valley, 2 wells a 2,920 Revords of Carson Water Uo, and
in Jack's Vallay; bagle Valley Nevada Livision of Buildings
spring and streamflow; and Grounds (sce table 23%).
Imported water from Marlette
water system
Rural Individual wells 400 Estimated popmlation of 3,000+,
State systen Yagle Valley spring and stroam- a 160 Records ol State Division of
[low ‘ Buildings and Grounds (table
CImported water from Marlette a 253 A9, and Worts, and Malnberg
water system (190G, -tahle 6],
Subtotal (rounded) 3,870
Neyton Villey
Virginia City {includes Gold Toports from Washoe Valley and a 220 Records of Stite Division of
Hill amdd Silver City) Tahwe basin via Marlotto wator Ruildings and Grownds (table
: sy L. ' 19).
Residences in Mound House arca " Gprings in the Virginia Rungo 12 Fstimated population of 100,
Area near junction of U5, Inddividual wells 5 Fstimated population of 25-50.
flighway 50 aiw) Nevada .
Highway L7
Uayton Individual wells 30 Bstimated pomlation of 250 and
several comercial establishments
Rural Ldividual wells 30 Lstimated population of I50.
Subtotal (reunded) 300
C Clurchill Valle
Silver Springs I commmity wells : 30 Estimated population of 225 and
8 comnercial establishments.
Tarral " Tndividual wells * 25 Estimated population of 200.
Subtotal (rounded) 55 -
Larson Desert
Hazen Diversions from lruckeoe Canal 10 Estimatod population of 50-100,
Falion 2 wells a 1,030 City pumpage records.
1.5, Naval Air 3ration 3 wells a 438 Navy pumpage records.
Rizral Individual wells 1,000 Estimated population of 8,000+,
* Kenmametal , Inc. 1/ 1 woll 80 Tnloymation from..D. Frank,
Muanager .
Hubtotal (rounded) 2,530
Total {Tounded) 7,300

1. Location not shown on plate 1.

a. Estimate of water delivered to consuners, hut net adjusted to reflect true conswiptive use.
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Table 22.--Summary of .eéstimated ground-water
pumpage for public supply, domestia, and
industrial purposes, 1971 water year

- Pumpage estimates

Hydrogréphic‘area. (acre-feet)

Carson Valley ‘ 580
Eagle Valley 1,360
Dayton Valley 65
Churchill Valley : 55
Carson Desert - 2,500
Packard Valley ‘ © ' minor
White Plains ce none
Total (rounded) 4,600

Table 23.--Water input to the Carson Water Company distribution
gystem during the 1870 and 1971 calendar years

. INPUT
L1970 1971
Percentage Percentage
S - of annuat ‘ of annual
Source A;re—feet- subtotal ‘Acre—feet“ subtotal

Pumpage from Eagle ' .
Valley wells 1/ 1,264 45 1,357 47
Stream and springflow ‘ ‘
from Eagle Valley

drainages 1/ ‘ 1,340 48 1,363 47
Imports from the State | L SR
distribution system 2/ 22 . 7 | 174 R ]
Eagle Valley aystem ' : :
subtotal 2,816 - 100 2,894 . 100
Jack's Valley system'l/ 23 -~ -

Water Company combined :
system total (rounded). 2,840 | -- S 2,920 0 --

1. Data from Carson Water Co. records.
2. Data from Nevada D1v1q10n of Buildings and Grounds .
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Table 24.--pumpage of Fallon city wells and Fallon
Naval Air Station wells during
the 1966~71 water years

Pumpage (acre-feet per year)

Water
year l'allon wells 1/ Navy wells 2/ Total
1967 ‘ 784 457 - 1,241
1968 853 ' 486 o 1,339
1968 911 438 : 1,349
1970 874 438 1,312
1971 1,029 438 o 1,467

1. Data furﬁished.by Milton TLakey, Assistant City Engineer
of Fallon.

2., Data furnished by Lt. P, A. laletti, Public Works
Officer, U.5, Naval Air Station, Fallon.

A few small industrial concerns in the larger municipalities generally
satisfied their limited water needs as of 1971 from the mmicipal-supply systems.
Kenmametal, Inc., operates a plant about 10 miles north of Fallon. They obtain
part of their water supply from a well at the plant site which produced about
50 acre-feet of water in 1971. They supplemented this water with about 6 acre-
feet purchased [rom the city of Fallon (J. D. Frank, Mgr., oral commm., 1972)..

- Water is used for power generation at Lahontan Dam by Sierra Pacific Power
Co,, and at a small powerplant on the V-canal by the Truckee-Carson Irrigation
District. However, since 1967, no water has been used for power generation
alone, hecause the plants use water only when it is being released for irrigatien
purposes. ' ' '

Irrigation PUH@HgC‘

Cropland within the report area is irrigated primarily with surface water.

Most ground-water pumpage Lor irrigation in areas upstream from Lahontan Reservoir,

particularly in Carson and Dayton Valleys, is supplemental to surface-water
irrigation. In other words, most irrigators supply their crops with ground water:
only when surface-water supplies are inadequate. As-a result, pumpage is largest
during years of deficlent surface-water supply, and smallest during years of |
abundant runoff. Table 25 shows the estimated maximum, minimm, and average
irrigation pumpage under current (1971) conditions of agricultural developnent.

Pumpage estimates for Carson Valley were made during a recent ground-water
investigation (Walters, Ball, Mibdon, § Shaw, 1970, p. 42). The estimate for
1968 was 10,000 acre-feet, when the combined river flow was about 70 percent of
the 1905-69 average., The estimate for 1969 was 3,000 acre-feet, when combined
river flow was about 176 percent of the 64-year averdge. This suggests that the
average anmual pumpage rate during years of normal river flow is about 5,000
acre-feet.

Irrigation pumpage in Fagle Valley is estimated at less than 100 acre-feet
per year, because the only known pumpage not accounted for as domestic and
municipal use is that for the local golf course and cemetery.
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Table 25.--Estimated annual irrigation pumpage

Pumpage estimates (acre-feet)

Small : Average ‘ Large

Hydrographic area - runoff’ : runoff runoft
: years - years years
Carson Valley 1/ 10,000 5,000 3,000

Eagle Valley less than 100 = 1less than 100 less than 100

Dayton Valley 2/ 7,000 3,500 1,200
Churchill Valley 3/ 50 50 50
Carson Desert 4/ minor - " minor minor
Packard Valley 3/ none none none
White Plains 3/ ‘ none none none

Total (rounded) about 17,000 about 9,000 about 4,000

1. Modified from data of Walters, Ball, Hibdon, § Shaw, 1970, p. 42.

2. Based on field data collected during this study and water-rights data
of Nevada Statc Engineer's office.

3. Bascd on field data collected during this study,
Oral comunication with Truckee-Carson Irrigation District staff, 1971.

N

Irrigation pumpage in Dayton Valley is also mainly supplemental to surface-
water irrigation. The exceptions are in the Stagecoach area (17/23-10)} and the

. area southeast of the Carson River a few miles downstream from Dayton (16/22-4
‘and '9), where farmers cumulatively irrigated about 400 acres exclusively by

ground-water pumpage in 1971-72.

The only known irripation pumpage in Churchill Valley during 1971-72 was
for an alfalfa field of about 15 acres at the west edge of Silver Springs. The
annual pumpage is estimated at about 50 acre-feet, and is supplied by well
18/24-25bda (pl. 1 and tdble 39). :

The Carson Desert probably has only a minor amount of irrigation pumpage
because the Truckee-Carson Irrigation District does not permit ground-water
irrigation of areas greater than one acre by any individual farm. Therefore,
each farm does not irrigate more than a small garden or lawn with ground water,
and the total cumulative pumpage for this purpose prohdb]y is accounted for in
estimates of rural domestic water use (table 21).

A comparison of tables Z1 and 25 shows: (1)} irrigation pumpage 1s somewhat
more than all other pumpage in Carson and Dayton Valleys, (2) irrigation pumpage
is about equul to other pumpage in Churchill Valiey, (3) public, domestic, and
industrial pumpage is much greater than irrigation pumpage in Eagle Valley and

(arson Desert, and (4} combined pumpage for all purposes in Packard Valley and
White Plains is negligible.
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Surface-Water Diversions

Irrigation by surface-water diversions was not determined directly. because..*
this recomnaissance did not include detailed mapping of irrigated lands -
according to crop type; in fact, irrigated lands and phreatophyte areas.have

been field-mapped as a single unit (pl. 1). Estimates of irrigated acreages A
for the various hydrographic areas shown in table 28 were generally obtained '
from other sources, as credited in the table. Total evapotranspiration of

crops and phreatophytes is approximated by difference in the water budget

(table 30). : :

Livestock Use

Water for livestock comes from wells, springs, streams, and irrigation
ditches. The amounts consumed are small compared to other types of water use.
Table 26 lists the estimated average annual consumption by livestock from all
water sources as of 1971. Total use of water by livestock throughout the study
area in 1971 was about 700 acre-feet,

Table 26.--pstimated annual consumption of water
by livestock, 1971 calendar year’

Population estimates 1/ conégégiion
Hydrographic area  "Range Milk (acre-feet,
‘ cattle cows Hogs Sheep Horses rounded)

Carson Valley 23,000 1,500 - 500 7,000 1,000 220 .r
Fagle Valley 1,160 100 minor 1,300 700 . 20
Dayton and Churchill 2,000 minor minor 1,000 200 18

Valleys :
Carson Desert 50,000 3,200 1,000 15,000 3,500 480
White Plains 2/ minor none none minor  Minor miner
Packard Valley 2/ 200 hone none minor minor 2
Total (rounded) 76,000 4,800 1,500 24,000 5,400 - 700

1. Population estimates based on U,$, Dept. of Commerce (1971) and
modified with assistanceé of County Extension Agent's staffs, except
as noted. Animal per-capita use rates as follows (Nevada State
Engineer, 1971, p. 16):

Range cattle - 6 gal/d (gallons per day)

Milk cows - 20 gal/d
Hogs - 2 gal/d
Sheep - 2 gal/d
Horses - 10 gal/d

7. Population estimates by P. A. Glancy.
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Recreation Use

Recreation is one of the fastest growing water uses In the Carson River
basin. . This reconnaissance does not allow an analysis of the present use or
future potential of the river system for recreation purposes, because the use
is generally nonconsumptive. Two principal areas of recreation use are
Lahontan Reservoir, for hoating and fishing, and Stillwater Wildlife Management
Area, for wildfowl.

§Eying5

Numerous small springs occur in the consolidated rocks of the mountains.
Some springs also discharge from the valley £ill (pl. 1). Although these springs
furnish water for stock and wildlife, the cumulative water quantities involved
are minimal conpared to pumpage and streamflow in the area. The springflow
typically supports growth of meadowgrass, saltgrass, rabbithrush, greasewood,
willow, and aspen over very limited areas. Some of the flow probably seeps
back into the ground. Doud Spring (11/21-20cd) and Saratoga Spring (14/20-21cdd)
in Carson Valley have much higher discharges than most springs visited during
this investigation {table 27). The table indicates that several of the springs
are thermal., Worts and Malmberg (1966, p. 30) discussed springs in Eagle Valley,
and Morrison (1964, p. 117) discussed springs in the Carson Desert.

Table 27.--Spring data

Approximate
land-
surface Estimated

altitude flow Temperature

Location Name {feet) Date {gal/min) °F °C
11/21-20cd Doud Spring 5,750 5~ 7-70 180 70 21.0
-26ba  Double Spring . 5,930 5- 6-70 <10 52 11.0
13/19-22abc Walleys Hot Spring 4,670 11-10-59 10-15 146 63.0
14/19-23dd  tlobe Hot Spring 4,760 5- 3-60 10-15 114 45,5
14/20-21cdd  Saratoga Hot Springs 4,700 5-14-70 350 122 50,0
16/21-2Zdaa Sutro Tummel: 4,480 6- 1-70 25-50 83 28.5
-22ch  Dove Spring 4,620 6- 1-70 5 59 - 15.0
16/24-15bcd -- 4,275 6- 8-70 3 61 16.0
16/29-34bc Lee Hot Springs 4,020 8-18-70 10 boiling boiling
17/22-8cad  Sutro Springs 5,500 7-23-72 10 69 20.5
17/31-31lab  Rock Spring 3,915 8-19-70 1 68 20.0
-31ba -- 3,920 8-19-70 1 66 19.0
18/22-25da  (woney Spring 5,330 6- 3-70 <1 09 20.5
18/23-33cch  (orral Spring 4,395 12- 7-71 1 58 . 14.5
28/34-31db -- 5,035 10- 8-70 5 62 16.5
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Natural Evapotranspiration

In areas of shallow ground water, natural discharge occurs by evaporation .\
from surface-water bodies amnd bare-soil areas, and by transpiration from :
naturally growing plants called phreatophytes, whose roots tap the groumd-water
reservoir., Large amounts of water are naturally discharged to the atmosphere by
these evapotranspiration processes in the Carson River hasin. However, as
mentioned in the section on "Irrigation pumpage,'' no estimates of crop or natural
losses are made in this report. They are shown by difference in table 30. Evapo-
transpiration areas are listed in table 28 and are shown in combination with
irrigated areas on plate 1.

ILstimates of average net evaporation from surface-water bodies in individual
hydrographic areas of the Carson River basin are shown in table 25, Acreage
estimates were based on the following assumptions and criteria: Carson Valley
acreage includes ponds, lakes, and major stream channels; Dayton Valley acreage
is almost all river-surface area; Churchill Valley acreage is largely Lahontan
Reservoir and a small amount of river surface; Carson Desert acreage includes a
reasonably firm estimate of about 35,000 acres of lakes, ponds, and reservoirs;

a somewhat less confident estimate of about 10,000 acres in Carson Lake; and a
very crude estimate of about 20,000 acres of, I]ooded playa in the Carson $Sink and
Fourmile Flat areas.

Evaporative discharge from bare soil (table 28) involves water losses from
the ground-water rescrvoir, but not losses associated with playa-surface flooding,
which are accounted for in estimates of evaporation from surface-water bodies.
Significant areas of bare-soil ground-water discharge exist only in Carson Desert
and White Plains. The probability of ground-water discharge from the playa areas. .
of Turupah Flat, southecast of the Fallon Naval Air Station, and Bass Flats, at the =
southern edge of Carson Lake, is very uncertain. Recently drilled shallow wells
in these playas suggest static water levels in Turupah Flat and Bass Flats are
‘about 11 feet and 14 to 25 feet below land surface, respectively (table 39); the
amount of ground-water discharge under these conditions is considered minor.

Water losses from large areas in the Carson Lake and Stillwater Wildlife
Management segment of Carson Desert are dominated from time to time by either
water-surface evaporation, bare-soil ground-water discharge, phreatophyte
discharge, or various combinations of these three types of discharge, depending
on prevailing water supplies and water-management practices. These areas of
variable discharge, therefore, are listed in several special discharge categories
in tahle 28, '

Packard Valley has practically no water-surface evaporation. Transpiration
from about 1,700 acres of phreatophytes is estimated to be about 340 acre-feet
per yedr.
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Table 29,--Estimated gverage annual evaporation from surface-water
odies for mainstem hydrographic areas, 1919-69

Net
Estimated evaporation Average annual
average rate 1/ discharge -
' area - (feet per (acre-feet

Hydrographic area (acres) year) . per year)
Carson Valley 1,100 25 2,800
Dayton Valley _ 300 -3 500
Churchill Valley 7,000 =3k 30,000
- - a 45,000 4 180,000
Carson Desert b 20,000 a2 40,000 220,000

1. Average annual lake evaporation (Kohler and others, 1959, pl. Z) minus
average annual precipitation (table 4),

a. Peremnial lakes and ponds as determined by 1971 field studies. During
periods of deficient water supply, such as 1920-35 and 1958-61, many of
these arcas reportedly decrease markedly (Harold Soule, Truckee-Carson
Irrigation District, and George Luke, Stillwater resident, oral commun.,
1974).

h. Mainly playa areas that are partly flooded on a very irregular basis.
Therefore evaporation rate assumes water coverage only half of each year on
the average. '

Part of White Plains is flooded about twice per decade, on the average, during.
years of large runoff in the Humboldt River basin. The ponded flood water :
generally evaporates and (or) drains to Carson Desert, and the flooded areas
hecome dry within a few months. Water-surface evaporation probably averages less
than 500 acre-feet per year. Phreatophytes (mainly greasewood) occupy about
13,000 acres in a generally sparse pattern, and consume an, estimated 1,300 acre-
feet per year. Cround-water discharge from bare soil is an estimated 1,200 acre-
feet per year from sbout 12,000 acres of playa surface. ‘lotal evapotranspirationm,
then, may he about 3,000 acre-fect per year for White Plains.
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WATER BUDGETS

Water budgeta for the mainstem hydrographic areas arc dominated by the Carson
River, because river-flow quantities generally are much larger than other budget
clements Water budgets for hydrographic areas are shown 1n table 30. The
various budget elements are determined for the 5Sl-year basec period 1919-69, and
therefore, the recent sharp increases in water imports as well as domestic dnd
mmicipal use have little effect on the long-term budget averages,

Mainstem Areas

Carson Valley (Nevada)

Tn Carson Valley, most mountain-front runoff (table 14) and most of the
ground water recharged through consolidated rocks reach the river or the valley-
[ill ground-water reservoir. The net average quantity annually entering the
system by these two processes 1s assumed to be about 30,000 acre-feet (table 30),

The annual net depletion, or consumptive use, within the valley is computed
by difference to be about 80,000 acre-feet. This estimate compares favorably
with the 77,000 acrc-feet ol Piper (1969, p. 17}, although Piper relied on a
different period of record (1909-60) and also included the area in Calitfornia
below the Woodfords gage.

Dayton Valley

Most of the mountain-front runoff in Dayton Valley (averaging 1,400 acre-feet
annually, table 14) is assumed to be either dissipated by evapotranspiration or
infiltrated to the ground-water reservoir hefore reaching the river. As a result,
' potential ground-water recharge (7,900 acre-feet anmually, table 17) is considered
" the local input to the Dayton Valley hydrographic areas.

Churchill Valley

The hydrologic budget of Churchill Valley is dominated not only by natural
river flow, as are upstream valleys, but also by inflow of the Truckee Canal,
evaporation from Lahontan Reservoir, and man-controlled releases from Lahontan
Reservoir. ‘lherefore, man-controlled activities dominate the outflow elements
and also strongly influence inflow totals. Naturdal local input (mountain-front
runoff, 400 acre-feet, plus potential ground-water recharge, 1,300 acre-feet)
is insignificant when compared to most other budget elements. The budget of
table 30 shows 30,000 acre-feet per year of "other outflow quantities' (by
difference}, which includes crop, phreatophyte, municipal, and domestic consump-
tive use. Howgver, the total seems to be about 10,000 acre-feet more than the
apparent water requirements indicated according to crop and phreatophyte acreages.
Therefore, the apparent excess of 10,000 acre-lfeet presumably is either the
product of errors in the estimation of inflow and outflow elements, or it represents
4 quantity of water escaping the valley via some undefined route.
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Table 3N,—Reconnaissance Water budmees, in acre-feat per year,

tor mainsten hydropraphic siréas, 1918-69

Caraon

Valley 3ayton Chuechfll Cerson Total N
(New., ) alley Valley Desert (rounded) .
INFLOW '
Maingtem fnflow: .
Streaml Low (takle 12) 315,000 2?2,000. g 268,000 b 380,000 315,000 ‘ *
Ground watyer {(tahle 18) 7,200 L5 70 unlknown 7,200
Tmported water (tables 19 ¢ minor d 150 e 170,0000 e 10,000 fHU,OOU
and 20
Infloew from nenmalnstem
(adjacent) hydrvapraphic
aroast ]
gtraamflow £ 3,100 g 3,500 ho 1,000 1 1,400 8,500
Ground water (table 17) v 60N 2 1,000 h 150 1,200 ~ 3,600

Loput Lo fystem from within ’
mainstem hydveographic area k30,000 £ 7,900 £1,300 £71,300 40,000

TOTAL TKFLOW (roundod) 335,000 285,000 440,000 .390,(700 550,000
OUTFLOW

Matnatem outl Low:

streanflow (table L2) 2FRL000 a 268,000 b MB0,00C 0 f
Grourd water {tahla L&, niner n minor 1,000 1,000
and p- 3

Evaporation from surface-—
water bodivs (rable 29) 2,800 anf 30,000 270,000 250,000

Orhier outflow qunnv1t1EEL/ m 80,000 n 16,000 n 30,000 p 170,000 300,000

TOLAL OMITFLOW (rounded) 355,000 285,000 440,000 390,000 330,000

L. Gemputed by differeance: total inflow minus all othec putflow elemeuts. Tneludes
watir cansumptively used Cor mundieipal, imdustrial, demestic, ond apricultural
purposyy, plus evapotranspiration from phredtophyres and playas.

a, Carson Rilvar, 252,000 secre-feet (table 12) plus Buckland bitch, 16,000 acre-feat.
b. U.5. FBureau of Heclamatlon vecords.

. Average import [rom Take Taheoe basin winer for perlod 191%-69.,

d, For Virginia {ily area; estimalwd long=term sverage on basis of dava In ctabla 197,
¢, Truckee Canal (guantity for Cacson Desert is nel Impart},

£, Clear Cresk (wnrts‘and Malmbirg, 1966, p. 19, plus 100 acre-fect diversion from
Glear Creek to Jacks Vallay).

g. From Eagle valley (Worts and Malmbery, 1966, p. 1% and 2920,
h. Inflow from Adrvian Valley (Huxel, 1969, p. 22).

i. Inflew From White Flains (1,000 acre~ft per yr) and Packard Valley (400 acre-ft
per yrl,

J. Inflow from white Plains (20 gere-Ft per vear), lackard Valley (400 aure-ft per
yr), and Fernley arca (A00 acre-ft per yr, Van Denburgh and others, 1973,
p. 4T

k. HKet anmual gverage input of 30,000 acre—feor agﬁnmed.on_the basis of 15,000
avre-reat eatimated mountain-front cunnff {table 14) anil 25,000 acre-fect
estimated potential ground-water recharge (Luble 17).

£, Amsumed equal e estimated potential ground-waler vrecharge (table 173

m. Agrees roasvnably well with 77,000 acre-feet of Fiper (1969, p. 7). Tneludes
water consumod by about 54,000 acres of crops and phreatophytes.

n. Tocludes miner pwmpage for stock and domestie use, plus water for 13,000 acres
ol crops and phreatophytes,

w.  Includes pumpage for stovk und domestic and water for about 20,000 acres of
crops and phreatopbytes; may include subatantisl grouvnd-water outflow to
Carson Deserct (saee text).

p. Includes water consumesd by 56,000 acres of oropa and up to about 620,000 acres
of phreatopbyltes and discharging plavas.

b
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Carson Deszert

Carson Desert hydrology is dominated by man-controlled releases from Lahontan
Reservoir. 'The "other outflow quantities’ determined by difference suggest that
only 170,000 acre-feet of water is consumed annually by domestic, municipal, and
agricultural consumptive use and patural evapotranspiration. The crops,.phreato-
phytes, and naturally discharging bare playas (table 28) alone probably would
consime or discharge considerably more than 170,000 acre-feet anmually. Therefore,
the outflow of water from (arson Desert seems greater than is accountable through
the combined inflow elements. Reconciliation of this critical problem, unfortunately,
was beyond the scope of this reconnaissance. '

Another budget element not considered in this reconnaissance is the amount of
irrigation water that went inte ground-water storage from canals, distribution
ditches, and fields following the start of the Newlands Project in about 1905,
Water levels locally rose as much as 50 to 60 feet during the period 1905-30
{Rush, 1972%. This additional water loss, if known, would increase the losses
under the "outflow' section of the budgct (table 30)

Nommainstem Areas

Eagle Valley

The water budget of Eagle Valley used in this study is that of Worts and
Malmberg for conditions as of 1865 (1966, p. 33 and table 11). Their budget
indicates a near balance between inflow and outflow of about 15,000 acre-feet
annually; of that quantity, about 8,800 acre-feet ultimately reaches the mainstem
Carson River (table 30), and the residual, 6,200 acre-feet is assumed dissipated
within Tagle Valley.

Packard Valley

Packard Valley is tributary to Carson Desert (though it is not tributary to
the Carson River). Subsurface leakage to Carson Desert from Packard Valley is
consideved as the arithmetic difference between estimates of recharge and natural
discharge in Packard Valley. Estimated recharge (table 17) 1is 710 acre-feet and
natural discharge from about 1,700 acres of phreatophytes (table 28) is estimated
at whout 340 acre-feet. Subsurface leakage is therefore assumed to be about 400
acre-feet. Average annual surface-water runoff to Carson Dewert from Packard
Valley plohably is less than 100 acre-feet per year.

WhltE Plalns

Avc1dge amual outflow lrom the Wh1tc Plalnq hydrographic area is estlmated
at about 6,000 acre-feet, and consists of about 1,000 acre-feet of surface-water
flow (p. ?h), an Lat1m1te of 20 acre-feet of glound water wmderflow to Carson
Desert (table 18); about 2,600 acre-Ffeet of natural discharge by 13,000 acres of
phreatophytes (table 2873 1,200 acre-feet of bare-soll evaporation from 12,000
acres (table 28); and roughly 1,000 acre-fcet of estimated water-surface .
evaporation from about 500 acvres (table 28). ‘
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Average anmual inflow estimates are as follows: a minor amount of ground-
water recharge within the hydrographic area (table 17); and ground-water inflow
from the Humboldt Sink of about 60 acre-feet (table 18). Surface inflow from the .1
Humboldt Sink is assumed to equal the difference betwéen the other elements of
inflow and outflow, or about 6,000 acre-feet per year, on the average (p. 38).

Entire Carson River Basin

For the entire report area, including mainstem and nonmainstem hydrographic
areas, the estimated total water supply has averaged about 560,000 acre-feet per
year during the base period 1919-69, The total includes 550,000 acre-feet in
mainstem areas (table 30), 6,200 acre-feet dissipated in Eagle Valley {p. 67),
710 acre-feet in Packard Valley (p. 67), and 6,000 acre-feet in White Plains
(p. 67). Of this approximate 560,000 acre-feet total supply, 322,000 acre-feet
enter the report area from the Carson River drainage in California (table 30),
180,000 acre-fect are imported from the Truckee River via the Truckee Canal
(table 30), 6,000 acre-feet are supplied from the Humboldt River drainage via
White Plains (p. 67), and 1,000 acre-feet enter from the Walker River basin via
Adrian Gap (table 30), Thus, the combined total inflow from outside the report
area is roughly 510,000 acre-feet. Therefore, only about 50,000 acre-feet, or
s1ightly less than 10 percent, of the total area supply is generated within the
study area which was confined to Nevada.

The estimated total outflow also has averaged about 560,000 acre-feet per
year, including 250,000 acre-feet of evaporation from surface-water bodies
(table 29) and 310,000 acre-feet (calculated by difference) of evapotranspiration
from phreatophytes, bare playas, and agricultural lands plus water consumed for
‘municipal, industrial, and domestic purposes. ' .
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WATER QUALITY

The water quality of the Carson River basin is best in the headwater areas
and tends to deteriorate in a downstream direction as a result of both natural
processes and man-caused effects. The quality involves, and is determined by,

a complex interrelationship of at least four general components: (1) physical
characteristics of the water, such as temperature and rate and path of movement,
(2) dissolved chemical constituents in the water, (3) particulate matter carried
by, or in contact with, the water, and (4) the biologic community of plants and
animals, including man, that live partly or wholly in this hydrologic environment.
The complex interrelationship of the above components requires detailed knowledge
of Carson River basin hydrology both to understand present water-quality character-
istics and 'to predict successfully specific future changes in water quality. This
required. knowledge is presently inadequate, mainly because of a shortage of hydro-
logic data. Therefore, this study is concerned mainly with a summary presentation
of some of the available data and preliminary interpretations of these data, where
feasible.

General Chemical Character

Table 31 shows chemical analyses of representative water samples collected
within the report area, Although the interpretations of chemical quality in the
study area rely largely on the data of table 31, they are also hased in part on
data of Miller and others (1953), University of Nevada (1944), Walters, Ball, Hibdon,
& Shaw (1970), Guyton § Associates (1967), and Worts and Malmberg (1966). Data
from these reports generally are not repeated in table 31. Many unpublished
analyses from the files of the Nevada Division of Health were also utilized in -
the interpretations. Some of these data are included in table 31. '

The specific conductances in table 31 can be used as a preliminary indication
of general chemical character, because the concentration of dissolved solids in a
water, expressed in milligrams per litre (mg/l), is generally 55 to 70 percent of
the specific conductance, in micromhos per centimetre at 25°C (hereafter abbre-
viated "micromhos'). Milligrams per litre arc equivalent to parts per million in
most waters; see footnote 1, table 31.

Criteria for Suitability

Suitabllity for Domestic Use and Public Supply

The U.S, Public Health Service (1962, p. 7-8) has formulated standards
that are generally accepted as a guideline for drinking-water supplies; these
standards have been adopted by the Nevada Bureau of Fnvirommental Health for
public supplies in the State. The standards, as they apply to data listed in
table 31, are as follows:
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Table 3l.-~Chemicul analyses nf well, spring, stroum, and lake watecy

Part A.--Rourine analvtivul -1pf'¢~r1ntnnr!;g1£

Milligiame per

millicauivalencs per Litew {

[RESN

fupper nurber) and
tovier number ).l

fpacliic

Facters affecling
CRutrabilicy

Fud Tum e .conduat- e drs et it/
. (Na) Ange pH Ya-
Source (wlth Tem- Map~ plus fue- Hard- {micro- Clan. liu- o=
wul] depth . AnAs pav= laral Cal- mne- pobuks Bicar- bon- Sul- Chio- MI-;  ‘lHMa- nengs  mhos por deter- ity U1tim
where Date Lyst ature  Lren eles atum sium bonate ate fare ride trace Aelved a3 omoat wina- haz- haz—
Loegation  aporoprlate) ARMp Lo z/ FOfn {Fe) fua)  (Med K)Y/ (Ugng) (eeg) (Eplh (0L (303 mlmai;«:.-.cus TR rion) ard SAR srd BRSO
! CARSON VAJLEY
i 19=ltad Fredrichsburg  12-10-%0 0 R - - - Loy fa) 34 [ R A p— 51 T 0 ALy L H
C Canyan Creek (a) 0.0 0Ll fy5h  d.n0 0,04 0,01 .
Li/31=200d  Doud Spring L - = - KK 16 18 W63 0 19 e -= LLles 330 B.:L L. &
oo 1.r0 1,3 0.1 .77 0.nd 0, 8L 0,11 .
-26ba  Double Spring  5- =70 G 32 0.0 -~ 52 .20 33 14, R U DR S . -- 212 E4D a.f L0l 8
.50 1.6% L.ab. 3018 0000 2,33 0017 .
-3dha  Bryanc treck g-27-60 & - - - 6 ] 1y o 0199 4 - -- 1n LED 6.3 1 h L 5
2030 L.12 D.83 0,00 noan 414 0.4
13/ 19=-lea Mott Canvun 12=11-56 ® -—  —= == ¥R 1.3 {a) ha 0 1.3 0.7 — . Bl in Az 4.1 1 & L &
Craak (&) 0. 44 0,14 0.4 0.0 9B.04 0.02 s .
-l4ch  sheridan 13- 7-RG - B == == .« 12 11 (@) 3 o 41 0.4 - 3l 21 7 68 B0 L .4 L&
Creek {aY 0.16_ 0.0% - oak 0.0 0,09 0,01
-26dad  Luther Crewk 12= =5k R _— == e 4 0.5 (a) 3l 0 o a7 -— - 3R 12 5T 4.4 L 4 L 5
(a) 0,20 0.04 0.51 A0 4,00-0.02
t2/20-4baad  Well (343 fr) 5-11-70 N L -= (.00 58 16 1 266 9. 17 n Tz P 208 —- 7.6 L .6 L kS
(a) A.89 1 32 0.9]) 4, 36 9.0 ooy 9023 0,12
—4bbad  Wall (=) - luad N - -- .02 40 1L n 176 1] ke 5 10 L?4 144 - 7.2 1 7L 5
.00 0.%0 0.87 .54 D0 D56 0.14 D,1A
~lDdech Mell (445 fr)  6229-70 K — -- 0,02 22 501 D TURE S S S 11 [ 8 L .8 oL 4
(a} X ©obaan 0.4 0,63 1.80 0,00 £,23 0,14 0,01 .
-Vhadidn Wall {497 £r}  1- 0-65 R 54 12D D03 uE 14 {a} 253 0 k10 1% 307e Znh 444 7.3 L U 3
(=} 2,89 1.18 415 0,00 0.44 0.28 0,31
" -lhaaba Well (850 Ie) 4-78=70 N -—- == {.00 24 4 13 - 105 a 1L I - 146 16 - 7.8 L BT 3
(u) 1.20 9,33 Q.56 1,77 na0 0.23 0,14 0.01 Lo
12/71=24b0  Fine Hut Creek 12-22-56 R == -~ - 50 %5 (a) 194 11 5 3.9 - 234 ihh 395 86 L .7 L %
(a) 2.50 0.8 3.8 0,37 0,57 4,1t
13f19-3ea  StarTa Usnyon 12-13-536 R -= == «- 20 2.7 (a} 92 04 0T - 1n Rl 160 g4 L. 7L 5
Creek {a}) .00 0.22 1.51 .00 (0% 0.02
=Gdh Lenoa Canyen  12-1%-56 R - = e L6 2.9 (a) 75 2 6.7 0 - L10 52 146 8.7 T A L 5
Cgeek {a) ' 0,80 .24 L2504 0,14 0.00
-1labe Walley's Tlot  11-10-539° 6 146 63.5 0.01 9.6 0.5 (a) 17 260 46 0.3 491 26 730 .1 L.p2? M8
. Spring (o) . 0,48 O.04 0. 20 0.80 4,16 1L.30 o,nD
-27bbe  Dupgetr Crank 12-12-56 R - - - 1l b (a) 68 -0 1.0 0.4 - a7 kL 121 8.2 L 50! 5
{a} 0,55 0,21 1.12  B.og 0.0z p.on1
13/20-2%cded Well {383 fc}  2- 3-69 W — A= 1.4 2 1.9 12 a3 ] 14 5 2.2 123 72 - Hol L 6 L H]
() Lol 0,32 0,52 1,52 .00 0,05 0.24 0,04
-iZbabke Well {201 ft)  2- 3-p0 W ws W= 0.70° 2L A% 13 a0 n 15 ho 1.3 in8 ) P 8.3 L .7 1, 4
(u) L.A% 0,37 DUNY L.48 006G N3 0.1 0,05
Lif2l-28oeh  Well (95 ft) 5-14-70 R % LALS ~- 9 9 35 i i £ S - -- ing 364 W& L 1.5 1 3
Loa% 073 1,53 2.3 0.00 1,15 4,23
L/ 21-29aa fuckeye Creawek  L?-7IwbE R - - — 27 1,5 {a} L42 1] 43 3.9 - 743 H 330 8.3 1 .05 H
) (a) 1.35% 0.78 2,32 0,00 nLEY oLl
L4/19-233d  Hoha Har 3= 360 6 Lla A5on 001 6 7 {a) 51 17 oy o} hrde LB 662 L T W) i} a
Spring (a} 0,30 0,04 1. R4 0.%7 2,27 2.09 0,90
14/20-2ledd  Raratoga Hat 5-14-70 @ 17y Wl -— 172 o 160 4 7ORTE 39 - -— 429 1,500 4.0 U 34 L 5
Spring R.58 0.00 6.894  0.07 ¢.23 14,12 .10
EAGLE VATLEY
13/ 1913 Aah tanyon 1i- 7-70 N -~ == 0.07 In 1 17 i R T 2 ML 67 78 - 7.9 0T 1A 5
Srueh (a) . LR TH P 1 S B 4 L.24 {1.00 0.06 n.0n
=13 Kings Canyon 1= =70 iy —_ - 0.05 1L | 5 56 0 i I L kY an - R, 1 6L S'ﬂ‘
fraak (a) 0.%% (.08 (.35 8,92 0.0 0,03 5,06 0.0 -
15/20-7ddh  Me11 (515 ft) 3-i3-72 ¥ v == D.52 26 4 9 15 0 3 2 1.8 122 Rl -— 7.9 L a1 3
{ul .30 ULt 4.9 1.3 0,00 0,06 .86 N0
—Bucbal Well (A% f1) G-1R-n2 N - -— At nh kit 494 117 n 312 172 nooE,Hn 216 - 1.9 [FR R T u
2,70 1,84 21,48 T1.%% 0 0,00 G50 7,47 0,00
-178d  Well (604 fe) 11- 2-78 N -- - 0.40 24 1 7 11 9 5 4.1 150 f -- 79 L 14 oL s
(a) PLan 0,08 10% 0 1.B4 0.00 0,32 0.14 .o
-ixesbk Well (373 re) 1Z-14-71 N -— == 0,37 2i 7 £ Las a ) -3 4] 129 1] - 1.3 L 34 E]
ta) 1,05 0,38 0.3A  l.77  0.00 (.08 0.08 0.00




Part & (continued) Table 31.—Chemical analysem of well, mpring, giveam, asd 1ake watrya——Continued

MiLligraws ar 1L£7e (upper numher] and . Factora affecting
miliiequivaleotn per litoe (lower numbar)l/ CSpacifie suleabillity
Sodfuim - j conduat— for ir:igatinn?."__
. ) {Ha} Ance pH A=
- . 8purce (with Tem— Mag~ plia Car- fard- {mlcra- {lab. lin- So-
well depth Afig-  per- Total Cal- ne- potas— Bisar- ban~  Sul- Chio- Mi- nia- ness whos yer deter— ity 2ium
wvhere Date .‘I.gnt atura iron cfum Afym  gfum  bonate ate fate rlde trate aolved an &moat mina- haz- haz-
Locagion  appvépriate)  wampled 23/ 'F "C (Pe) (Ca) (Hg) (K47 (MCO) (moy) (A0 (Q1) C(NDR) molfde’/ Cally  25°C) tion} ard SAR ard RSC

TAYTON VATLFY

b '15/20-lan Well {256 £t} 5-28-70 G —_ - - FR] 3 15 3] [+] 7 R 16 - 81 240 7.1 . 8.7 L q
1,15 0.7 0.66 1.02 p.o0 0,77 G.23 D26
16/20-14,23, Bprings wupply-12- 7-71 G —_ = - 97 7 17 L& 1] 200 2 - - 2 LR8 .8 L AL 5
24;and ing 4 E R Game 4,84 D.55 0.73 1,90 D000 4.16 0.0
15/21=18 Rapch {combined '
£low) .
16/ i5bh  Popd In Gypsum 5-25-70 60 15,5 -— #51 98 4 al a 1,810 55 - - 2,030 1,400 8.0 vH 0 L g
Quarry 32,48 R.08 Q.00 1,33 D00 37,68 1,35
i16/21-2das  Suero Tunnal hulf-59 & 81 27.0 3.3 267 531 {a) 31z 4] 732 A.2 1] 1,120 BBy L, 650 7.6 H 1.8 L 3
fa) 13,3 434 514 B, 15,24 (P23 0.0
-12and Wall (Z&3 fr) T=11=%2 & ys 5.0 —— 120 a 170 4% 0 570 n - - a0 1,280 7.8 H 4.3 L ]
5.9¢ Q.00 7.52 0.80  O.nd 1t 87 D.&&
-13bbb Well (264 ft) 7-11-72 & .67 19.5 — 72 19 41 181 bl 140 A R— —u 2RO 637 TWHOM 11 L ]
158 1.0 1,79 2.64 D.00 3,75 D.5%
~22ch  spring i~ I-70 © 59 15,41 w= 110 7 35 5% 4 206 B - - 3g8 250 8.2 H 8 L H
5.4% 2.26 1.50 £.25 0.0 4.2 0,71
-13acd Well (250 ft2) 3-13-69 N - — 0,13 &7 17 B4 183 i} 170 19 a2 435 24t — A MO L8 L 3
{s) 3.3% l.44 2,78 3.16 0.00 3.54 D0.%4
-24bd Well {133 f&) 2-15-72 N - -— 0.1 a7 1z 14 173 a 5h B 44 %75 140 — 7.5 L 1.2 L 8
4] 1.85 0.99 1.48 t.84 4.0 1,17 0.23 Q.07
-70ab  Well (135 ft) 12- 6-71 G e & 2z 44 250 ol 286 1} = - 420 911 B.2 H 9 L 5
6.59 1.30 1.91 4,10 0.00 5,83 0.37 .
-ecd  Well (7% ft) 7-10-5% N —-—  — 0.0é 423 16 52 154 0 1,040 ‘16 1.7 1,810 1,140 am 7.4 H . A g
(a) - 20,61 2,14 .26 2.52 g.00 22,07 0.45 0,03
) 294k Well (85 ft) 5-28-70 G -- —— — 4B 39 5 208 0 995 35 41 - 1,280 2,200 .8 H AL g
228 .21 0.1 1.4 9,90 20,72 .99 0,64 .
16/22-7edb  wWall (100 fc) 10~ E~&7 X B0 26.% 0.131 1p2 1 4z 149 u] 192 21 a 582 260 — 7.7 L 1.1 L 8
5.09 0.08 1.83 .44 0,00 4.00 0.59 0.00
N -9ab Well {145 fr) & 572 H -- — 0,03 35 13 49 16R i} & L& 1.2 k1] 140 == AL 2.2 0L -1
() 1,75 1.7 2,13 2,72 0,00 1.67 0.43 0,08
-9 Wall {H0C £t} 6 1-70 G 66 12,0 — 82 14 27 &4 y] ) 12 - - 145 44101 8,2 A 9 L H
2.59 1.13 1.1% 2.68  0.00 1.87 .34
- -1Bcec  Well {a} 310-72 R -—- — 0,01 12 L& LY 190 0 187 L5 22 421 Q48 e 7.8 H 1.4 L 5
° 3.59 1.32 2.91 3.2 0.00 3.89 D.4Z 0,36
-31¢e  Fldérads Cenyon 2-19-71 & 2 1.0 -~ &0 11 45 214 2 52 19 - - iny £67 8.4 W L6 L 3
trazk 2.ph 1,02 1.98  3.37 0,07 1,08 0.28
17/22-2Rdba wWall (122 fg) L= 7=72 M - == (),00 9 13 7 154 u} 17 8 B.1 238 144  -- 7.4 L .2 L k3
(n) 1.45 1.48 0.30 2.52 0.0 0 8% 0,23 010 .
-28dbd  Well (123 fr) 1I-7-72 &%  — - a.10 b1 21 1 151 o 16, 4 B.2 228 156  -- 7.6 L .0 L 5
fud 1,30 1,73 004 .48 0,00 4.33 0.23 0.10
-30ddb  Well {177 £t} - 3-70 G -— == = 139 . 16 27 16l | 3RY 16 == e 494 1,000 B OOM .5 T s
6,94 2.93 1.1R 2,64 0,00 7.68 0.73
—3ed  S1lwslla Ceayon  S-10=6% G 36 135 = 130 33 47 112 1] 459 m - —_ 48% 1,000 5.2 M 9L -
Creek 6.49 3,16 2,00 i1.B8% o,an 4.56 4.28
=%33cebe wall (631 £} -13-72 & 68 X3 == 48 1% 42 134 0 160 - —_— 200 566 7.9 M 1.3 L E)
2,40 L.&60 l.EL .23 Dboon 2.343 0.2%
-34bea  wWell (500 fr] 7-m0-72 © &7 19.% -~ 52 74 kL) 115 b} 1310 7 - - 230 587 5.1 M 1.0 L 8
Z,5% 2.01 1.586 3.20 0.0D .71 0.25
-35hc Well 7-21-72 G &4 '18.0 -- j2 12 30 174 0 ] & - - 130 kLK) 8.1 W 1.1 L 5
1,60 1.00 1.1 2.8% n.00 0,83 0.22
17/23-1bd wall (251 fr) A-16-72 H -- -— N0z 45 14 LE 173 ) 63 n 12 41 168 - 8.1 L 1.4 L 5
{a} 2,25 1,15 L.B) 2. 84 n.pn 1,31 0.4% 0,19
-Zbc Well (305 fx) - 272 H -— - 0.4 & 4] &2 14 4 49 13 2,8 152 16 == 9.0 L A7 L s
(a} 0.3 0.00 1.8 0.39 0.27 1.02 0.37 0.04
=Ihd Wall (300 [e) 316-72 N -— - 0.0l 50 10 25 146 ] %3 i4 . 14 299 164 - B.3 L B L 5
{a) 2,50 DL 1.mw IoA9 0,20 1,10 0,40 0,22
-3bbb  Well (120 ft) @-12-7L B - - 0.0 az 15 5h 156 L} B3 o 1.l ExL] 140 - 8.2 1L . L a
{r) L0 L.21 114 1.686 B 1,70 6.8%Y 002
-10bas Well (300 ft) 8-17-71 H - — am kY 13 eli} 171 n 73 16 6.5 3z5 b 3] - J— g0 L 1.8 L 5
{al . .70 1.0y 2,17 2,80 D.D0 1,2 0.45 0.l0
—llboe  Wall (198 fx} B=17=71 N - -— 0.m 73 0 41 158 0 204 14 1.5 506 216 - 7.8 L 1.0 L 5
{a) 390 .64 1.7R Z.59 .00 4,23 0,40 0.OB
- -llmce Well {70 fr} 8- 371 N - == 0,7l 56 11 a7 147 a 201 31 5.5 438 184 - 7.9 M 3.1 L 5
{x) 2,76 090 A2 2.4 n.niy A8 0.RT 0,09
-1ldcb Well {185 fr=)} 6 3-70 C 57 4.0 -~ 41 L 114 146 0 193 52 - - 142 830 g0 M 4.0 L L
(%) 2,15 8.51 4.82 2.9 N0 403 L.47
«?7aba  Well (220 ft)} #-12-71 N --  —— 0.00 43 29 122 17 i iM% LY Y] =7 IRY - #.1 M 35 L 5-
. (n) N B T A T 1.75 0,00 3,73 4.37 D.0Q .
-3baa Wall (510 £} Sml4=mTl N - -~ 0,12 &7 77 L5 210 s} 23 73 62 530 260 -~ - w4 L 5
in) 3.34 1.81 3.9l 3,44 1.00 .56 2,12 1.00
18/22=254d8  Coondy Epring 7-30-71 K - — 0,04 40 11 an 14838 Q 48 2 2.9 257 144 -— Bl L L1 1
{a] 2,00 0,90 1.32 .08 000 0,83 0.23 0.06
18/23%33ceb Corral Spring 7-30-71 N — - Q.00 35 14 in 174 i} 4R L] 1.5 282 44 - 7.8 L 1.1 L
{8) 1.75 1,15 1.3 2,48 h.on 1.00 0,25 0,04

=1



Table A .--Chemivs] analymoes of well, epring, siream, and loke waterw--fontinued '
Part A (continued} -

MI1llgrams per 1ltve {upper number} sl Factors affectinpy .
wiliiequivalpnte per litre {iawer number}_” . Ruerific snjtahilicy
Sadium conduct- for ?mg&;iun_:.'f
{Ha) o P piL Sa—
Sourae (with Tem— Mag- plus Chr= dard- (micro- {1ab, 1in- o~
well dapch Anaw par— lotal Cal- pe- poias- Bipar- bon-  Sul- Ohilos Ki- Dis- neys  whaa pey decer— ity dium
where Dace l¥at ature  fcom cfum sium sium bonsie ata Fate vide erate  salved AR om at mink~ haa- haz-~
Location  appregriace)  sampled M/ CF O "m (Fe) (Cad (MY (R)D (MoO3) {C04) (80L) (M) (KOy) solidsl/ Cal0; 37T tice) ard SAR ard REC
EHUMCITLL DARLEY : #
la/24-15hed  Spring - B=70 G Bl 16,0 == 40 16 52 151 Q1 134 i - - 165 560 1.9 L 1.7 L 5
.00 1.3 2.6 347 0000 R,vE nola
17f24-1ckba  Well (200 ££) 3- 370 X —  w= ap A7 & b 163 i} 82 21 0.4 - 352 ik - S PT L 2.8 T 5
{a) 1,85 D, 3% 1,66 2.66 0.0 1,55 0.0 n.al
-3fan  Well (h3 rc) 11-22-70 W 42 4.5 0.23 42 % b L ol a% 11 b 3311 178 - 7.8 L 1.4 L 5
' {a) 2,10 1. 4B 2,35 4,11 n,0on 1,44 0.3l 0,00
17/25-6dbb  Well (105 ££) 4= 1-B® K —— —— O.52 21  hR.H 26 110 o A 7L 09 . om - 7.500L 1. L&
(al) L.o5 056 1.13 1LEOD O pan 0,75 Q.20 6,02 .
ul#dddd well (150 £t) H=-11-70 H —_—  —= iz 27 10 15 110 n AL 10 ] X 108 -— 7.ou L &L A
{a} . 1.0 0,82 0.5 LE0 0,00 d.Rs 028 0.00 .
18/24-254ah  Wmll (260 ££) 6-12-6% N -— — .00 A3 16 90 LA2 o oz L4 412 IFFEE 2% R P T
La} L B [ e .08 0.0 pcY S o Y P |
=2Ycae  Well (300 Tt} A-17-71 N — - onnz A7 11 o 134 L0 107 25 131 36 160 - e oL L7 L 4
[u) 2UI00,40 2.1 2,200 0,00 RT3 Q16 B
-2Rdbe  Wall (a) 8-17-11 N - - 0.0l k1) ] 15 127 1 i £ 11 154 L4 - 7,4 L .8 L g
279 0,91 1.1 o oo 2.2 0,23 polg .
—37ube Wall (315 f&)  #=12-70 N —— - 0.0 8R 2@ 39 15 noo27 12 3.5 2k 0 - .4 oM 10 L s
{a} 4,3% 1,64 1.70 250 0,00 A,7% 004 0.04
18/ 25=kn Hell {380 rp) G-12-17 W —_— e B4 157 1.6 Al 561 0 4.8 an 0 040 iy - .t 1.1 L o
P T T T i 9,20 0,00 0.1 B.90 0,90
-19cdc Well {741 fr.) 6-12-69 N - == 0,13 40 13 k5 151 Q &5 pis 12 346 Led - 8.3 L .2 L 5
(a) o000 1.3 156 Z.AE 0.0 L35 0.68 0.10
GARSON LESERT
17/31-31ab  Rock Spring A-18-70 § BY 200 -—  — - — a4 i} -— 1,0 -- - - 5,40 8.2 VIl e em =
6. 06 0,00 3667 .
18/29-4bac - Kingmaw well 10— =538 (7) B2 28,0 - I 1 50t 480 12 &y 3D —- 450 24 L,AS0 R.0 W 3L Vil o1
(7176 fr) . .40 G.08 13.18 PR BLAD LBD 6.4
-2lgoe  Truckee-faraan 10— 2-56 G iy o210 L4 21 hoa (A 84 0 an .5 1.8 145¢ m 229 7.1 L 8L a ’
lrrigation : .00 0,06 T.34 0.0 0.60 0,19 Ny
Canal (s}
18/90=12aca Well (a) BmlN-F1 G B0 15.5 == &.B 0.3 (u) 184 47 R76 5,470 a7 L 200w 1% 14,4 8.5 WA VH U
. 0,36 s 12,85 1.57 18,24 15290 0,80
“A%de Well {100 fe)  H#-19-v0 o -— == == aa - - - - — 400 -- . -—  5,EBO ae  YH — -
39049
18/51-43a Wall (140 fci A-19-70 £ . Bh 19.0 -- 13 312,500 519 o] A0, 000 -— -- 161 1, aan 7R BA i u
B.A5F 2,55 10431 K.l 0.00 7 19,57 RA LAY
-3lece Well (300 £t} 196L(PY B - -— 3 ] Lol A3 1 485 2,155 --  4,.mID 6 - BT yr 2w VE @
{a) 0,05 0,08 B.%3 0LED O,E0 BDLYY
1%/27-12dc  Well (150 Tt b-lb-71 © - au - 300 110 1,100 AT 0 2,700 AU - - 1,200 &, 180 7.7 VH 14 VH ]
14,97 9.0L 49,52 3,47 000 6.1 L3R
19/28-7dd  Sodw Laka () B-28-58 §¢ - -- 0,10 7,4 144 f{a) 1,250 1,360 F,2E0 T 570 2.2 24,700c #2231, 800 9.6 ULl YRoow
0.5 16.04 0,49 Ah ) L2950 21547 .04 :
-22duy  Well (41 £r) 2-25-R4 N -—-  -- 0,10 53 L7 7 i 144 5% Lo AN b 4.0 M 1AL A
2066 L.#9 5,08 503 0,00 3,00 1.a7 001G
—2%deh Wall (L L53Ee)12- %-71 6 - - - 4 L s 1w 4 23 6 - - 18 27 ffh L 3.3 LM
al 8,25 0,01 2% L.ay n Y 0LaR 0.7
18/29-30uab Wells {combined $-29-6% M -—  m= DD - — (&) s ah 23 LE4 A hLf 424 ks 9.3 M oIl Wi
1,2 flow; 504 and .84 0,17 A41 2037 00m
521 ft)
w3fhadbl Well (504 fr) 4= 8-58 G &4 20 0.02 F.o1.4 {a) 21l m 5 R "5 A4, bt RIL E.RM N il ]
{n} n,00 02 3,79 0. 156 1,89 0,01
-3ibabe Well (444 fr} 12- 9-71 4 -— - - R 1 ki 124 0 i § - -- 24 il6 #.0 L 5.0 M
0.40 0.0 7. 37 200 n.oa 0,79 0.1y
—33cbbl Well {540 ft) T=in-07 & -—  u= (.37 0.8 1.5 ERL 183 15 1] Hy 0.4 a0 ¥ ane 0 H Vi 4)
(&) p,as Dol 9,39 b fdh 0.8y 137 2,65 0.0
19/a0-20ceb  Well {13-19 fr) 6- 968 W -- -- 0.1& 35 LR 137 o LTl LR WS N T Inn -- 40 H 12 M 5
{a) L.ry L.4B 135,27 A,.HM O L 2,89 11,83 600
—30cce Well (37 ft) 1-153-6% N -— - 0, 1A 42 7,R4D )RS0 24 7,750 5,500 KA PR [T - .2 0260 VYWD
(a} 0,08 3,453 %40L04 270y O.RMJET,IAR TR LG 0B .
19/31-Tle well 2m4 fr)  11a23-YL @ Feliing  -- al 11,400 L4 0 190 7,080 -- - 230 7,ad0 7.5 VH 3 VH R
Aun6 0 Oofi6 §9.7¢ 1,70 0.0 9% SRLER
-lla Well 10- 8-70 @ 6h ML —— R L S B n Wy A0 - - and Lz, 600 .80 58 WX B
L.70 4,20 10087 sl 00N 1034 w870 =
20/25-1bd Wall {627 ££) F-FEebd M - — 17 | () LR &} 340z, 70 e 3y - 4.1 1 47 vy 5
fal 3,89 .46 LI V) foof Toots noll
21{30-192d Carson Rlvar 10-18-71 ¢ ar A0 - 32 n 4] L7R Ju] 2% " - - 17n Blh .3 1. Ml L s
oA L8R 304l 2.n30 noan .90 0,0
-20ac  Well (985 fr) LO-13-FL & &3 17.0 —- i LoRUD aEY 37 5 - -- 1n 2,930 4.7 B &% ViU
oMy L0 26010 anH I BN LU )
2L/32-25che Wall 10 BeV0 6 == -= - 10} 1w N R BT R an sen 1, B20 6 H LA T E
B.ad 2,71 .07 I A VIR N, 78 3.7
REFRKESE ] wWell 1= 8=-70 ¢ - —= e la 4 ain FUR| it B34 T T3 R - 50 I, 110 L B TR VU
- OIS TR E- B T N1 R T S T S Y-

72
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Table 31.--Chemicnl onalvses of well, spring, Atream, and lake wayara--ContTaved

Parr A (coatinned)

HMilligramn par 1itre {upper pembery snd Factors affecting
milliequivolents par liore (lowar number) !/ Specific suirahilizy
Sonl Tuny conducr— [or irrigathﬂ%ﬁ
(Na) . ance rH Sa—
Source (with Tam- Mag=  plua Car- . Hard- (micro-  {iab. 1lin= So.
well depth . Ana- per— Total Cal- ne- potan- Bicar- bon-  Sul- Chlo- Fi- bie- ness wmhos per deter- ity dium
whakw NaLa l¥ﬂl inluru Teen cvium #2ium sium honata Arae fate Eide Frala anluaed AL em Al mina- hdz— haz-
Location  appropriate gampled 7/ 3 Coira) (ca)  (Mg) (KDY {BCeq) (Cog)  (204) (1) (ND4) snlidni/ Catih  257C) tion) ard SAR ard RSC
PACKARD VALLEY AND WRETTE FT.ATNS
23/18-194e  Wall (44 T3] - 7-71 G 5% 14,5 - 140 15 4,200 207 n 48 6,000 - - 410 241,500 7.6 V] VH 3
6,99 1,20 1873 3,39 0,00 1.00 18649
24/ 20-26cd Humboldt Rdver G5+ 1=72 & 3HO14,5 - 50 30 370 A6l 5 220 370 - - 2%0 2,090 Boh H 0 H =
deatn ) 2.50 L50 16.0% .92 0.17 4,54 10,34
E-20-72 « G4 18T - 48 63 7AD 88 o 440 B0 — — 3B0 3,990 B.3 vl X VH 5
. 2,40 5,19 32,08 6£.3& 0.o0 A6 MR
‘2-13-73 G 50 10,0 -- 42 110 1,700 n2 12 930 2,300 — — G40 B, 0N 8.4 u an VH &
4,09 B0 75.16 1.3l 0.40 19. 3R 6488
27/33-24ced Well 1+ 870 G e A ] 46 100 139 [} g 2B — —_— 4401 1,450 7.9 M 21T 5
. 5.4% 3,30 4,50 3,19 o.on :.28 7.90
2R434-31db  Spring - 870 © §3 7.9 — 4h 14 50 134 o] 75 e — —_— 120 6892 7.6 L 1.4 L E

3.1 1,11 2,18 7,20 a.no L.56 2.E2

- for tolerant planta en permeable seile); »7,300, unsuitable (0.

L, Milligrams pee 11caT nn& milliéquivalentu per 11ler ara mecTic units of mespure that ave wirtually identical to parra per million and equivalanta per

millien, rempactively, for all watera having n apecific conductance TeAs rhan about 14,000 miccomlow. The merric syctem of mesgurement is recelving locreaaad
nae throughout the Mnirad Scatns because of its valus &3 An incerootional {erm of welegiific communication, Thevefare, tha U5, Ceological furvey razently
hae adopted Lhe Ayaren for repprting s11 warar-quality data, Whers only onc rumber iz shewn, 10 13 milligrame pet litar.

2, Salinfity hazard {o haaed on specific conductanca {in micromhes) A% tollows: D-750, low hazard (L water pultable For almost all applicatiomal: 750-1,500,
medium TH, can be detcluental fo Rengitdve cropey; 1,500-2,000, high (WG can ke darrimaacal to many crapaly 1,000-7.500, very bigh (Vi should be waed oaly
Ralinicy hazards [or some Analyacs are estimated on basis of repariad disaolved-uulida
comfanr. AR (sodium adeorplion racio) provides an fwdfeacion of what elfect an frrigarion water will have an snil-drainsye characteristics, SAR 1a calcu-
lated as fEIIuwg, watng miilicquivalenty per !irar: HAR = Na//(Ca + Mp)/2, Whare sodium plus porasalum are computed hy difference rather chan analyzed for
{funguarta 4), chat value Lu vwesd To compute SAR.  Swllun hacard 1a based on sn wepirical relation betwssén salinlty hozard and ndfum-adsorption rario: low
(L), medium (M), Wigh (H), ar very hich {V}, RS0 (reaidual sedlum cavbonate}: safe {(8), merwinal (M), or unsultable (1. The soveral factora should be used
as genesal indicators only, buegsnaa the suitabillty of a wacter for lrrigarion also depends on wlimate, type of sell, dvARlnage ChlrlEtEfﬁﬁﬂinﬂ- plant typs,

and omount of water.applicd. These snd arhar aspects ol weter qualicy for drripatlon sra discussed by ihe Narionol Technical Adviaary Committee (1964, p, 143
197), and the 0,5, Salinity Laboratary Scaff {1954},

¢, Couvk Research Lab.; [, Abber A. Hoanks, Inc.; M, Morse Loboratorfes; N, Nevada State Haalth biv.i B,

3. Analyatar G, 0.5, Gegl, Survey: 1.5, fur. Becla=
macion.

4. Compured an the milliequivalent-per-liter difforcnce between (he deterndned nepatloe and positive §ouag
penerally e at lessc 10 times that ut pocessium). Coepuracion assumes thal ¢oncencrations of undaternined
pati:apt where followed Ly "&" that indicacas computed sum (with bicarbonare multiplied by 0.491 to

expresaed aw eodfun {che concentracion of sodlum
negatlve lena-—capeclally nigrace——are small,

5. Fnown ar asoumed tr he reaidue on evaporacion at 1ns°e,
ke roault compsrsbla with residue valuen).

. a. Detuliad labaratory analyais; additlvus! decerminatloms ave listed in part B of thia table,

e



Talile :'!.‘I..——‘E:hnmicu.l analvees of well, spring, strest; sud loke Waters—efont lpued

Parr B,--Additional determinatlens from detailed chemical ansl yswew

Willigrama par llrre {upper number) and Milllgeame par litye (upper pumbar) and
miilicquivalents per litre {lower numher)— millfaquivalants par lirce {lower numher)_-
Man- Paraa- ¥lua- PFhogr- Maon- Potay- Fluo- Fhos-
Silica gancae Arsenico, Sodfum  alum  ride | phate Baron B111ea  ganssk  Argenls Sodium Afum ridg phate Bara
Location  (840;)  (Mn} (he)8 . (Ha) w®y (B froy (@) Location (81033 (M) et (Ma) ® (B oy B
CARSON VALTFEY DAYTON VALLEY-—Continued
11/19-120d - - — a5 2 - - a. g 17/22-25dbd -— - g.an um - a.1 - -
0.15 0.03 0,01
12/19=3ca T - - - I - —  0.04 17/23=1ba - - a.m - - az - - =
0.20 k] . 0.1
—-Llich - - - 4. 4 0.4 -= — Q.03 = - - tT. —_ - 0.2 - -
0.19 0.01 o.ol
-26dad - - - 3.2 l.& - — 0.01 =Ibd — - 0.01 —_ - 1,1 - -
.14 . g.oL
12720-4band - - Q.00 - - 0.1 - - EXUTH - - 0.00 - - q,% - -
0,1 ' 9.02
—4bhail wia - 0.1 - -- 0.1 — - -l0baa — - G.01 - - 0.1 - -
] 4.0 . o.0L
-104duck - - NI - -- il - - =1 {bee - - .01 - - 0.2 - -
.00 0.0l
=1 4aulds 33 0.00 - 4 3 0.1 - D.3n -1lace - - 0. 005 e - a.2" - -
104 4.08 Q.01 . Iy, 01,
=itaaba  -— - k. - - - — —2aba -- - 1. 00% - - 0.1 - -
8.00 0.0l
12/21-24be - - -— 0 R - 0.1y =thhaa - - 0. 005 - —_ 2.2 - wem
0. 87 0.06 0.0% '
13/18-3ca - - - 7.1 l.6 — - 0.00 1B8/22-253a - - - 0, ans - —- .1 - -
. 0,31 0.04 0.01
=h - - - 8.3 2 - - 0,14 18/2333cch — —_ 0,07 - - 0.2 - -
0,36 0% 0,41
a2labn 61 —-— - 137 2.9 5.0 0.00 - CHURCHTLI, VALLEY
5.9 007 0.2 17/24-1cka - —  a.s - - b4 e -
- 2R -— - - 7.1 L R— — ] 0.02
Lo ~46aa - - o - - wy e =
13/ 20= 2 eded - - 0,005 - - o1 S = .02
’ ‘ 0.0l 17/25-6dbb — — tr. - — 0.3 - - Gl
-5habe - - 0,01 - w041 -— -- .ooe.um
0.01 . -18d44dd - — Lr, - - a.2 -
13/27-2%a = — - -— 5 b —- - 0.13 0.01
1.09 0,11 18/ 2heT30db - . 0. 004 - - 0.2 -
147 19-7 %0l 47 oo . 125 1.7t ool 1.5 b0
S.44 0 004 03T —27omn - — 0.0 - - 0.1 - -
14/ 20-21 i 20 - - - — — — _— N
FARLE VALLETY —1fidbe -— - tr. - - 0,1 - -
15/19-13 - — .00 - — 0 — — 0.0L
Aule Canyim Draeak 0.0l -3Zabe — — Q.015 - - 0.5 - -
15/19-13 - —_ g.on — _— 1 - —_— 0,03
Kinga [anyon treck .01 18/25-19cd: - wm n.o - - tr. - -
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Recomnended maximm
concentration (milligrams

Constituent per lityre)
TIron (Fe) _ 0.3
Manganese (Mn) .05
Sulfate (504) ‘ 250
Chloride (C1) ‘ 250
Fluoride (F) a/ About 1.2
Nitrate (NO;) - A5
Dissolved solids b/ 500

4/ Based on an annual average maximm daily air tem-
peraturc of about 68°F. The optimm fluoride concens
tration is about 0.9 mg/l. Water containipg more than
about 1.8 mg/1 should not be consumed regularly,
especially by children.

b/ Equivalent to a specific conductance of about 750
micromhos.

Most of these are only recommended limits, and water therefore may be acceptable
to many users despite concentrations exceeding the given values. Excessive iron
causes staining of porcelain fixrures and clothing. Large concentrations of
chioride and dissolved solids impart an unpleasant taste, and sulfate can have a
laxative effect on persons who are drinking a particular water for the first time.
Bxcessive fluoride tends to stain teeth and to cause bone changes, especially
those of children, and a large amount of nitrate is dangerous during pregnancy
and infancy because it may increase the susceptibility to ''blue-baby'' disease.

. The arsenic concentration of drinking water is particularly important
because of the possibility of -lpng-term poisoning. The U.S. Public Health
Service standards (1962, p. 8), state that arsenic should not exceed 0.05 mg/1
“4in drinking water. : - ‘ )

The bactericlogical quality of drinking water also is important, but 1s
outside the scope of this report.
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The hardness of a water is of concern to many users, The rating scale
below commonly is used for hardness.

Hardness, as CaCOj | .
(milligrams per litre) - Rating and remarks

0-60 Soft (suitable for most uses’
without artificial softening)

61-120 Moderately hard (usable except. in
some industrial applications;
softening profitable for laundries)

121-180 ! Hard (softening required by'laundries
. and same‘other‘industries)‘

More than 180 Very hard (softening deblrable for
most purpoaea)

The data in table 31 show that suitable water is available in all the
. valleys, but that problem areas do exist. The individual problems are discussed
in later sections dealing with the specific hydrographic areas.

Suitability for Agricultural USe.

In evaluating the-suitability of a water for irrigation, the most critical
considerations include dissolved-solids concentration, the relative proportion
of sodium to calcium plus magnesium, and the abundance of constituents such as
boron that can be toxic to plants., Four factors used by the U.S. Salinity
Laboratory Staff (1954, p. 69-82) to evaluate the suitability of irrigation water
are listed in table 31, and are discussed briefly in footnote 2 of that table.
Mino? amounts of boron (as much as 0.5 mg/l) are essential to plant nutrition,

" -but larger concentrations can be highly toxic. The approximate upper limits
recomnended for boron in water irrigating aensitive, semitolerant, and tolerant
crops are, respectively, 0.5-1.0, 1,0-2.0, and 2. 0 .0 mg/1 (Natlonal Technical
. Advisory Committee, 1968, p. 153).

Most animals are more tolerant of poor water than man. Although available
data are somewhat conflicting, a dissolved-solids concentration less than
4,000-7,000 mg/l (equivalent to a specific conductance of about 6,000-10,000
micromhos) apparently is safe and acceptable (McKee and Wolf, 1963, p. 112-113),
provided that specific undesirable constituents are not pre:ent in excessive
.concentrations.

Specific problems relating to bultﬂblllty of water for agrlcultural use
are discussed later by hydrographic areas,
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Suitability for Industrial Use

Water-quality requirements for industrial use vary greatly, depending on
the particular use. A use-by-use discussion is outside the scope of this
reconnaissance, but McKee and Wolf (1963, p. 92-106) and the National Advisory
Committee (1968, p. 185-215) discuss the subject in detail. Much of the water
of the Carson River basin is acceptable for most industrial uses, but other
waters probably are not, on the basis of particular water-quality problems
dizcussed below. ‘ '

Sewage

Sewage effluent is rapidly becoming a significant part of the hydrologic
environment of the Carson River basin. Recent accelerated urbanization within
the basin with its accompanying increases in sewage wastes (table 32), as well
as recent dramatic increases in sewage effluent imports from the Lake Tahoe
basin (table 20) emphasize the increasing importance of sewage to this study
area, particularly regarding its effects on water quality. : ‘

Sewage is generally collected for treatment and disposal in the major
sunicipalities. In some small commmities, some suburban areas, and all rural
areas, individual dwellings and establishments dispose of their own individual
sewage. In a minority of the individual disposal systems, untreated sewage is
directly discharged to the Carson River or its major tributavies. In most
places, individual discharge involves injection of untreated sewage into septic
tanks, the effluent from which then percolates to ground water and, depending
on a variety of circumstances, may ultimately discharge to streams. ‘The degree
to which contaminants are removed from ground water prior to its discharge to
streams depends on the type of contamipants, the specific nature of the ground-
water reservoir materials, the hydraulics of the flow system, the quantity of
contaminants, and the rate and duration of injection.

The collected sewage is generally delivered to a treatment plant where, -
prior te final discharge, it receives different degrees of treatment depending
on each plant's designed capability. 'The several treatment plants in the Carson
River basin utilize at least primary and in many facilities secondary treatment
techniques. ‘

Data necessary but generally unavailable to evaluate the short- and long-
term effects of sewage discharge on the environment throughout the basin are.
(1) continuous records of quantities of discharpe from municipal plants, (2)
continuous records of discharge of sewage imports to the river and to other
sources, (3) continuous records of detailed chemical and biological makeup of
sewage Jischarge, and (4) various types of hydrologic data on the components
of the hydrologic system that are involved in the disposal of sewage.

Estimatedlsewage totals for 1971 in tables 20 and 32 show that the volume

processed hy seven treatment plants in the Carson basin was about equal to the
amount of treated effluent imported from the Lake Tahoe basin.
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Table 32.--Estimated quantities of sewage processed by treatment
plants within the Carson River basin

Quantity of water processed . .
- (ncre-=feet) '

Disposition of * 4947 j968. 1969 1970 1971 -

Trcarment system treated effluentl

Cazdnetville—MindenE/ Evaporation plus seepage, R — - 560

and diacharge to Carson
River

‘Stewarpil Evaporation plug .seepape, 70 70 70 70 70

and discharge to Clear
Creek

 \Nevada.Medium Evapcration plus seepage, - - - ‘ - 32
Security Prisnn_/ and discharge to Llear

Creek

Carson Cityéj Evaporation plus seepage, 1,570 1,480 1,870 2,010 2,100

-p s. ‘Naval Air Evaporation plus seepage, 320 340 - 300 300 300
Statien, Fallon8/ and discharge to Carson - . , -

and discharge to Carson
River

‘Virginia Cityﬁf . Evaporation plus seepage; -— — - . —;. a6

and discharge to -
‘S1xmile Canyon

~ Fallon?/ Evaporation plus seepage, -— == — 420 . 480 -

and discharge to Carson
Desert alluvium

Degert alluvium-

Total (rounded) . - - - -- 3,600

1.
2.

£

Some unknown quantity probably enters ground-water system in all gystems.

C. A, Alctemueller (Minden-Gardnerville Sanitation Dist. Engineer, oral commun.,
1971) estimates that an average of 500,000 gallons per day is processed; he
also estimates that ab0ut 30 percent of this 1s ground water that leaks into
sewer mains.,

Quantity from Worts and Malmberg (1966, p. 26) because population and water use
apparently have nnt chanped appreciably since that timea.

Quantity based on an averape pnpulatinn of 3?5 (Walrrr Mandeville, Prizon employee,
oral commun., 1971) and 70 ercenL of water supplied.

Flow into plant is metered. James Dunn (City employee, oral commun,, 1971) stated
that these metered quantities are conservative estimates because during peak-
load periods the maximum inflow meter rate 1g exceeded., Quantities include an
unknown amount of greund water that leaks into sewer mains. -

Esrimatod quantity bhosed on estimated average resident and tourist pepulations
of 430 and 200. Collection system does not include communities of Gold Rill

or Silver City. ' .

Quantities are metered inflow to treatment plant.

Quantitlies hased on Publie Works office estimate that an average of 70 percent
of vtillzed water supply 18 processed as sewage. .
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Table 32 sugpests that during 1971 nearly 2,800 acre-feet of varyingly
treated sewage was 'discharged into the LQTSOH,RlVET from treatment plants within
the basin. The greatest quantity of imported sewage effluent réaching the river
during 1971 from any single source probably was that from the Douglas County
Water Reclamation Project plant which discharged about 520 acre-feet to Daggett
Creek., However, a substantial amount of that 520 acre-feet may have been con-
suned by evqpotranbplrdtlon before reaching the river, because an unknown amotnt
of Daggett Creek flow is used for irrigation during the growing season. Accord-
ing to C1iff (Girbon, Jr., an cmployee at the Incline Village General Improvement
District treatment plant (oral commun., Dec. 1971), more than 97 percent of the
treated effluent transported through that system was utilized by the U.S. Bureau
of Land Management for stockwatering, and by the Harry Schneider ranch for
irrigation in Jacks Valley. The South Tahoe Public Utility District delivers
its tertiary-treated effluent to Indian Creek reservoir [table 11) and some is
used for irrigation of nearby agricultural 1ands (Record-Courier, 1972].

An unknown amount of the sewage effluent generated within and imported to
the basin percolates into the ground-water reservoir from storage fau111t1es and
irrigation systems,

Specific effects of sewage effluent on surface-water quality within the
report area are discussed below.

Carson River

Mainstem

Table 33 is a swmary of selected chemical data collected at five locations
along the Carson River from 1966 through 1971 by the Nevada Bureau of Environ-
mental lealth. ‘The tabulation is hased on about 55 monthly samplés from each
station. .

Several trends suggested by the data are (1) average water temperatures
gradually increase downstream, and temperature maxima are roughly equal at the
three mainstem sites but are appreciably higher than the maxima at the two trib-
utary sites; {2) average nitrate concentrations at the three mainstem s$ites are
similar, and at least twice as great as those of thc two tributary sites; (3)
average orthophosphate concentrations at the mainstem sites far exceed those of
the upstream tributary sites; (4) average dissolved-solids concentrations pro-
gressively increase downstream; (5) pH values vary little from site to site;
and (0) minimum dlssolved oXygen concentrations generally decrease downstream
to New Impire.

The marked increases in nutrient (nitrate and orthophosphate) concentrations
between the tributary forks and New Impire are probably-the result of (1)
agriculture-related input (fertilizers and animal wastes) mainly in Carson
Valley, and (2) the inflow of sewage effluent in Carson Valley and {rom the
Carson City scwage treatment plant. The marked decrease in orthophosphate
concentrations between New Hnpire and Weeks may be the result of biologic and
nonbiologic assimilation. The general downstream decrease in dissolved-oxygen
minima to New Empire probably is a rough indication of increased biochemical
oxveen demand caused by agricultural and sewage inflows.



Table 33,--Summarized water-quality data for sites on Carseon River,
July 1966 to December 1971 1/

[Data from -Nevada Bureau of Environmental Health)

Maximum, minimum, and average values for
samplee collected about monthly ‘
(in milligrams per litre, except for temperature and pH)
Site (approx- _ - —_

imate location . Dissolved

in downstream Ortho- s0lids o
order; not shown Temperature Chloride Nitrate phosphate  (residue - ' Dissolved

on plate 1) °F  °C (C1) (NO3) (POy) at 105°C) pH oxygen’

West Fork 66 19, 8 3.7 - 0.21 120 8.2 12.1
Carson River 32 0.0 1 .0 00 25 7.4 7.5
ncar Highway 88 47 8. 2 .3 6 59 , 9.8
{11/20-19ab)
Fast Fork 71 21.5 12 12 0.33 173 8.9 12.9
Carson River at 32 0.0 1 .0 .00 54 7.4 7.6
Laliontan Iish 50 10,0 5 .6 .09 112 10.4
Hatchery
{12/20-23dd) .
Carson River at 85 29.5 19 9.6 1.1 275 8.1 11.4
Cradlebaugh 32 0.0 1 .0 .15 67 7.2 5.8
Bridge 52 11.0 7 1.2 43 164 8.7
(14/20-30db) o
Carson River 85 29.5 28 7.7 9.2 582 8.6 . 17.5
near New 32 0.0 1 .0 27 B2 7.4 4.1
Empire 54 12.5 11 1.5 1.3 - 228 9.7
(15/20-12he) :
{arson River 81 27.0 18 14 1.7 416 8.3 11.9
at Weeks 32 0.0 1 .0 .10 92 7.4 6.5
(17/24-35da) 56 13.5 10 1.4 .45 237 9,7

1. Samples ccllected on a once-a-month basis with frequency distribution of sampling
generally as follows: July-October 1966; July-December 1967; 1968, monthly;
1969, monthly; January-October 1970; and 1971, monthly.
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The U.S. Geological Survey has analyzed numerous samples of Carson River
water collected near Fort Churchill (17/24-32dc) as part of its irrigation net-
work sampling program. These data have been collected for about 10 years and
arc published amnually in the Geoclogical Survey s publication titled "Water
Resources Data for Nevada.' .

Some early (1906-7} chemical data on Carson River water were obtained just
downstream from the confluence of the Truckee Canal and the river, near the
present site of Lahontan Dam (Stabler, 1911, p. 23-25). These data represent
the combined flow of the Truckee Canal and the Carson River, and provide some
insight to the quallty of Newlands Irrigation Project water supply at an- carly
period of the pru;ent s history. ‘

Carson River water is temporarily stored in Lahontan Reservoir" Its
dissolved chemical load may be slightly concentrated durln@ storage, according
to Rollins (1965, p. 10) and Clyde-Criddle-Woodward, Inc. (1971, p. 26). However,
summary data of table 34 sugpest a decrease in dissolved-solids concentration of
reservoir water compared to that of the inflow at Weeks (table 33). " This apparent
decrease may exist bhecause sampling of reservoir water was restricted to spring
and summer months when the effects of fresh seasonal inflow would most likely
dominate near the reservoir surface, whereas summary data for the inflow more
nearly reflects the average of varying conditions throughout the year. The
increased chemical concentration of water within the main body of the reservoir,
if such is indeed the case, is at least partly offset near Lahontan Dam by the
inflow of characteristically more dilute water from the 1ruckee Canal (Rollins,
1965, p. 10}.

Below Lahontan Dam, the dissolved-solids concentration of the Carson River
increases markedly downstream mainly because of inflowing irrigation drainage
{Rollins, 1965, p. 16, and Clyde-(riddle-Woodward, inc.,.1971, App. A, table 6).
However, some of the increase during periods of low river stage may also be from
inflow of shallow saline ground water, plentiful in the Carson Desert area.

Mercury, normzlly a trace constituent of stream waters, is of special
concern in the Carson River. DBefore 1900, about a dozen mills along the river
used mercury in the so-called "Washoe Process' for the milling of silver and
gold ore from the Comstock Lode. During that time, almost 15 million pounds of
the mercury escaped recovery (Smith, 1943, p. 257), much of it being incorporated
in the mill tailings. Today, downstream from the millsites, measured concen-
trations of mercury are as much as 200 times the normal "hackground” level in
shallow, fine-grained sediment from the bottom of streams, canals, and Lahontan
Reservoir (Van Denburgh, 1973, p. 3). The greatest concentrations have been
encountered in sediments of the Carson River, within and immediately upstream
from the reservoir. Data for the river near Fort Churchill suggest that most
of the shallow mercury may be present as mercuric sulfide or as a component of
non-methyl organic compounds.,
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Table 34.--Summarized water-guality data for Lahontan Reservoir,
July 1966 to July 1971 1/

[Data from Nevada Bureau of Environmental Health]

Maximum, minimm, and average values fof samples collected
occasionally during spring and sunmer months 2/
(in milligrams per litre, except for temperature and phi)

Site (aﬁprox-

imate location Dissolved
in downstream : Ortho- s0lids
order; not shown Temperature Chloride Nitrate phosphate (residue Dissolved
on plate 1) °F °C (C1) - (NOj) (PO ) at 105°C) pH oXygen
17/25-22 | 82 28.0 12 1.7 0.76 200 8.8 16.0
50 10.0 1 .0 .28 118 7.5 5.4
70 21.0 6 .7 44 165 ' 9.2
18/25-20 77 25.0 12 4.8 0.85 223 8.6 9.6
' 54 12.5 1 .0 .20 118 7.6 - 6.1
65 18.5 6 A .48 164 7.8
18/25-24 77 25.0 16 .8 1.0 238 8.9 10.6
50 10.0 1 .0 13 116 7.6 6.4
66 19.0 B8 1.6 47 163 7.9 .
19/26-33 . 74 23.5 17 10 1.6 183 8.7 9.2
52 11.0 1 0 .30 119 7.5 5.0
66 19.0 10 2.2 .79 151 7.5 .

2

1. ‘This summary updates the tabulation of Katzer (1972) with the addition of 1970
1671 data. '

2. Data based on abhout 14 samﬁles collected only during spring and summer months as
follows: 2 in 1866; 2 in 1967; 4 in 1968; 4 in 1969; 1 in 1970; and 1 in 1971,
Samples collected from boat; sample depth 0-1 foot.

-872-



Among stream waters sampled in 1971-72, about 70 percent contained. less than
1 pg/1 (wmicrogram per litre) of total mercury (Van Denburgh, 1973, table 2). The
maximmm measured gquantity was 6.3 yug/l, for the Carson River near Fort Churchill
during the spring snowmelt runoff, (The interim limit for drinking water,
established by the U.5. Envirommental Protection Agency (1975, p. 11994), is
2 ug/1 of mercury.) At the highest concentrations, most of the mercury was
associated with suspended sediment in the stream, rather than being dissolved.
In areas of mercury-rich stream-bottom sediment, peak discharges in May 1973 that
were greater than the rclatively low f{lows of 1971-72 produced greater total-mercury
concentrations in the streamflow (A, S. Van Denburgh, U.S. Geol. Survey, oral commun,,
- 1973). A rvecent investigation by the College. of Agriculture, University of Nevada,
- shows no evidence of mercury accumulation ('magnification’) in terrestrial plants .-
or animals from the Carson River basin (Dr. H. G. Smith, written -commun., 1972).
In contrast, a similar study by the Nevada Department of Fish and Game has shown
that fish in the mercury-affected lakes apd streams contain greater-than-background
concentrations (R. €. Sumer, oral commm., 1972),

- In the future, increased nutrient contributions to the river from sewage treat-
ment. plants may in turn increase the "accessibility" of the mercury now present in
“the bottom sediments, through chemical transformations associated with biologic
.activity, The presence of mercury in the river-bottom scdiments raises the question
" of whether toxic amounts might thus enter the food chain of high-order ‘organisms.

Tributaries

Table 31 includes data from several small tributary streams in Carson Valley.
The dissolved-solids concentrations of 7 streams draining the Sierra Nevada on the
west side of the valley range frow 36 to 110 mg/l, whereas samples from two streams
draining the Pine Nut Mountzins on the east side have concentrations of 234 and
253 mg/1. ‘ ' '

The Bryant Creek basin, mainly in California but tributary to the East Fork
Carson River in the upstream part of Carson Valley in Nevada, has been a source
of concern regarding pollution. Bryant Creek and some of its tributaries are
reportedly polluted by acid mine drainage from the Leviathan Sulfur Mine (California
Water Resources Control Board, written commun., 1970). As a Carson River tributary,
‘any localized pollution problems of Bryant Creek are subsequently transmitted in
some degree to the Carson River. Bryant Creek normally furnishes only a minor part
of the total Flow of Tast Fork Carson River; therefore pollutants transported by
Bryant Creek are generally subhject to substantial dilution by viver flow. Localized
flooding of Bryant Creek at a time of low river flow might puse a downriver pollution
hazard because of insufficient dilution of Bryant Creek runcff.

Tables 35 and 36 suimarize available duta on the quality of tributary inflow
to the Carson River where treated sewage effluent is a component of the inflow.
Tahle 35 shows the changes in the quality of Daggett Creek when treated Sewage
cffluent from the Douglas. County Water Reclamation Project was added in the 1969 .
“water year (table 20). The concentrations of chleoride, nitrate, orthophosphate,
‘and dissolved solids all increased after sewage effluent was introduced,  towever,
- the Jack of great change in the minimum concentrations of same of these constit-
uents reflects the intermittent manner in which the treated effluent is introduced
into the creek. The general chemical character of Daggett Creek about a decade
before introduction of treated sewage effluent is shown in table 31,
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Table 35.--Summarized water-guality data for Daggett Creek,
August 1966 to December 1971 1/

Maximum, minimm, and average values for
samples collected about monthly
(in milligrams per litre, except for temperature and pH)

Dissolved
Ortho- solids
: Temperature Chloride Nitrate phosphate (residue Dissolved

Sampling period B S (C1) (NOs) (POy) at 105°C} pH oxygen
August 1966 - 60 15.5 12 8.7 0.10 100 8.2 11.8
September 1968 2/ 34 1.0 3 D .00 63 7.5 7:3

- 49 9.5 5 -9 04 87 . 9.1
October 1568 - 64 17.5 77 27 24 283 8.2 11.9
Decembetr 1971 3/ 32 .0 1 ' 0 46 67 7.5 8.1
- - 47 5.0 9.6

15 5.5 6.0 126

b
.

i

.b!
-

Sampling -site not shown on plate 1 (13/19-27bbd). Data furnished By Nevada Bureau
of Envirommental Health. ‘

Nati based on 18 samples collected as follows: 2 in 1966, in August and October;
7 in-1967, monthly from June to December; 9 in 1968, monthly.

Data based on 37 samples collected as follows: 3 in 1968, monthly; 12 in 1469,
monthly; 10 in 1970, monthly from January to October; 12 in 1971, monthly,

A few.data, not included in table 31, collected on streamflow of Gold Canyon
and Sixmile Canyon Creeks in Dayton Valley during brief periods of rainfall and
snowimelt runoff, suggest that the dissolved-solids concentration of these streams
is frequently greater than the average of those in the Carson River basin. The
data show that the water is very hard and occasionally contains appreciable
quantities of sulfate. In these respects, the streamflow is chemically similar
to plound water in Dayton Valley, as discussed in a later section of this report

The final vestiges QJIhmmﬂldt River flow dominate surface drainage in Whlte
Flains, Sample data of this water are included in table 31, However, the two
samples may not be representative of average water quality. Humboldt River water
that survives evaporation during its transit through White Plains flows into the
(arson Sink and merges with any residual of Carson River flow. It then becomes
more chemically concentrated throu&h solutlon of playa salts in the Carson Desert
and by evaporation.

The Packard Valley area has no perehnial streams that reach the valley £i1l.

No known data are available tn characterize the chemical quality of ephemeral
runcit in the area
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Table 36.--summarized water—quality data for some Carson River
tributaries that convey treated sewage 1/

Maximum, minimm, and average values for

samples collected about monthly

(in milligrams per litre, except for temperature and pH)
Tributary and : Dissolved ..
sampling site . Ortho- solids _
(location not Temperature Chloride Nitrate phosphate (residue Dissolved
shown on pl. 1) °F °C {C1) (NO3) (POy) at 105°C) pH oxXygen
Ditch to East 83 28.5 18 5.1 8.5 316 8.5 13.7
Fork Carson 45 7.0 2 .2 .88 127 7.4 2.9
River from 61 16.0 9 1.7 2.0 233 8.8
Gardnerville- ‘
Minden
sewage treat-
ment plant
(13/19-24cdd) 2/
Clear Creek at 81 27.0 17 0.8 1.7 339 8.2 10.3
mouth 3% 2.0 1 .0 .35 86 7.6 5.6
(14/20-10bbb) 3/ 56 13.5 10 .3 72 155 8.8
Sewage effluent 60 15.5 31 2.6 25 398 8.0 75
ditch below.. 38 3.5 24 1.1 12 321 7.6 5.4
Carson City" 48 9.0 27 1.7 18 361 6.7
sewage treatmen .
plant '
(15/20-15chb) 4/
Mexican Ditch, 79 26.0 26 1.6 13 343 8.0 12.8
including Carson 45 7.0 8 .7 A0 186 7.4 5.1
City effluent, 59 15.0 16 1.2 5.5 251 - 8.3

at confluence

with Carson River
(15/20-11bdc) 5/

1.
2.

Data furnished by Nevada Bureau of Environmental Health.

Data based on 11 samples collected as follows: 1 in November 1970; 10 on a monthly

basis from January to October 1971.
Data based on 11 samples collected monthly from January to November 1871.
Data based on 3 samples collected in October, November, and December 1971.

Data bhased on 10 sampies collected as follows: 1 in November 1970; 9 on a monthly

basis from January to September 1971.
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Newlands Reclamation Project Irrigation Water

Rollins (1965} described the water quality of the Newlands Reclamation:
Project as of 1960. Although the study was done in a Testricted time perlod
(1959-61) during which the river Flows were below average. (Rollins, 1965, p. 6),
the results and conclusions of -the study also may be valid for years of average
or ahove average water-supply conditions. A brief summary of Rollins' conclusions
are as follows (1965, p. 17 and 18): (1) The irrigation water is of good -chemical
quality, having a medium salinity hazard and practically no sodium hazard; (2) the
drainage waters are higher in dissolved solids and percent sodium than the irri-
gation water; (3) drainage waters further increase in salt concentration as they
flow downstream; (4) drains in the center of the project, particularly south of
the Carson River, are free from excessive salt but pick up salt rapidly as they
approach the Carson lLake and (arson Sink areas; (5) conversely, drains irmediately
north of the Carson River carry high salt concentrations; (6) seasonal water-
quality chlanges are more pronounced in the drainage water than in the irrigation- .
supply; (7) some drainage is of an acceptable quality for further use as an irri-
gation supply, whereas other drainage is umacceptable; (8) reduction in the
quantity of the irrigation supply would be expected to increase the concentrations
of dissolved solids and sodium in drainage waters; (9) irrigation waters now being
used in the project area probably would not hamm most canal liners being used,
although some of the drainage waters with highest dissplved-solids concentrations
could shorten the 1ife of some liners;. (10) soil salinity and alkalinity are nearly
stabilized under the existing {1960) irrigation and drainage systems; (11) over-
irrigation should be prevented to avoid excessive rises in ground-water levels;
and (12) chemical quality of the irrigation water supply probably has not changed
since the project began (1905}, but the quality of drainage water has probably
improved over the long term (that is, greater quantities. of salt were removed by
drainage water during early years ol the project than are being removed now).. - -

A considerable amount of data on chemical quality of Newlands Project irri-
pation water and drainage has also been collected during the last several decades
hy the U.S. Bureau of Reclamation {J. Gallagher, oral commun., 1971), and is
‘available in the files of the Bureau of Reclamation office in Carson City. A
salt-balance study of irrigation water and lands by the U.S. Bureau of Reclamation
(unpublished report, 1967) suggests that more salts left the irrigated area by
drainage return flow than entered the area in the irrigation supply. Therefore,
irrigation practice was leaching salts from the solls.

Ground Water

Carson Valley

_ The valley-fill deposits of Carson Valley form the major storage reservoir

ol high-quality ground water in the Carson River basin (table 31). The water
stored in these deposits may well be the major future source of supply for a large
urban populace in this part of western Nevada. Walters, Ball, Hibdon, & Shaw
(1970) discussed the quality of ground water in Carson Valley as part of their
study for the Carson Water Company. Their report indicates (p. 10} that the ground
water is generally excellent. They also concluded (p. 34} that the central and
western parts of the valley apparently contain the best quality ground water.
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Wells in the Hot Springs Mountain area, 8 miles north of Minden (pl. 1), particu-
larly deep wells, generally produce the poorest-quality water known in the valley.
This localized area of poor-quality water may be related to deeply circulating,
high temperature, minerallized water from sources associated with Saratoga Hot
Springs (14/20-21cdd, pl. 1).

The Stewart area historically has had problems with excess iron in the ground-
water supply. .The problem is spotty, though, and not all wells yleld water con-
taining high concentrations of iron. -

Eagle Valley

Worts and Malmberg (1966, p. 35) categorized Eagle Valley water as "generally
satisfactory for irrigation, domestic, and most common uses.'' Guytomn §& Assoclates
(1967, p. ii) rated Eagle Valley water quality as ''generally good.' However,
Carson Water Co. well 15/20-17dd, drilled in 1969, yields water that apparently
contains a small amount of hydrogen sulfide, which imparts an objectionable taste
and smell.

Analyses of water from well 15/20-5da in Worts and Malmberg (1966, table 12)
and well 15/20-9achal (table 31, this report) suggest that poor-quality ground
water occurs in the New Empire area of northeast Carson City.

Dayton Valley

~ Ground-water quality in Dayton Valley varies greatly from place to place -
(table 31). Miller and others (1953, p. 34) published a small amount of Dayton
Valley water-quality data.

Several acute water-quality problem areas exist in Dayton Valley. Ground
water in the Pinion Hills suburban area just east of the Carson River near
Carson City is of very poor quality. A January 7, 1971, memorandum from the
Nevada Bureau of Envirommental Health to Pinion Hills residents categorized most
of the ground water in the area as "hot mineralized water in a cemented gravel
strata," and having the following general chemical composition:

Constituent or property mg/1
Iron . 0.4
Calcium " 280
Sodium ’ 200
Sulfate 200
Fluoride 4.2
Total dissolved solids 1,500
Total hardness 600

The mineralized and thermal character of this water suggests that is 1s assocl-

ated with a deeply circulating ground-water system. The surface venting of this

hot water (about 45°C) probably is related to geologic structure. However,

several wells in the southwest part of the subdivision produce cool water with a
dissolved-solids concentration of only about 300 mg/l. This cool water (about
18°-20°C) is of generally acceptable quality for most uses on the basis of presently
available information. These wells probably produce from aquifers more closely
associated with the Carson River flow system than with the deep-circulation system
described above. ' -
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Poor-quality ground water also occurs north of -the Carson River from the
Mound House area eastward to.the juncticon of Nevada State Route 17 and U,5. High-
way 50 (pl. 1). 'this water is characterized mainly by high concentrations. of
calcium (100 to at least 600 mg/1), sulfate (500 to at least 2,000 mg/1), and
dissolved solids (1,000 to at least 3,000 mg/1), which apparently are related to =
gypsum-rich rocks and alluvial deposits in the inmediate area. Geology of these
gypsum deposits was discussed by Lincoln (1923, p. 129) and Archbold in Moore .

(1969, p. 34). Many of the residents in the Mound House area are. supplied by a
comumity water system fed by springs of better-quality water from the Virginia
Range to the north (Mrs., Julius Runkowski, oral commm., 1971).

Much of the water used for domestic purposes in the community of Dayton

© comes from shallow wells in town. The chemical character of water from one well
serving several homes and the community center building is shown by analysis -
16/21-2%acd in table 31. These and other data show that the water is high in
dissolved solids (400 to.at least 500 mg/1) and sulfate (150 to at least 250 mg/1),
and is hard (200 to 300 mg/l). '

Ground: waters within Dayton Valley east of Dayton and north-northwest of the
_Carson River, although locally variable in quality, are also commonly character-
ized by moderately high dissolved solids (as much as 600 mg/1), sulfate (as much
as 300 mg/1), and hardness (as much as 300 mg/1). 'This condition is prevalent
not only near Sixmile Canyon but alsc in the Stagecoach subarea about 15 miles
northeast of Dayton. The character of this ground water strongly suggests that
mineralization in the Virginia Range is a dominant chemical influence. 7lhe
Virginia Range probably is the main recharge area for most of the ground water,

Chemical data are scanty south and southwest of the Carson River in Dayton
valley. 'The few available analyses are restricted to wells east of Dayton in
T. 16 N, Rs. 21 and 22 E,, and suggest that ground water may generally be .
somewhat more dilute than that across the river. If so, the difference may.
reflect'a contrast in.geochemical control of ground water in the Pine Nut
Mountain recharge province .compared to that of the Virginia Range.

A somewhat anomalous situation exists with regard to nitrate concentrations
in the pround water of Dayton Valley. About one-third of Dayton Valley ground-
water analyses examined (most of which are by the Nevada Bureau of Environmental
Health) show nitrate concentrations in excess of 10 mg/1, with & maximum (analysis
17/23-36baa, table 31) of 62 mg/). Although nitrate concentrations locally
exceed 10 mg/l in Carson Desert, the normal concentrations for ground water in
most of the Carson River basin are somewhat less than 10 mg/l. The above-average
nitrate concentrations in.Dayton Valley also apparently extend to ground watev
in the Silver Springs area of Churchill Valley (table -31). '
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Churchill Valley

Ground water from community wells supplying Silver Springs is generally of
good chemical quality (table 31)}. Although the water is hard, the dissolved-
solids and sulfate concentrations are not excessive. The mumerous domestic
wells in the area may not yield water with the same chemical characteristics as
water from thd Silver Springs commmity wells.

Water from the only known well in White Sage Flat {(not labeled on pl. 1} of
northern Churchill Valley (18/23-4a) is of much poorer quality than the Silver
Springs community wells (table 31). It is extremely hard and has -excessive
amounts of iron, calcium, and bicarbonate, E

Carson Desert

Ground water in the Carson Desert is abundant, but much of it is of poor-to
very paor chemical quality for most uses. The Carson Desert is the terminus of
the Carsen River hydrologic system. It is therefore the final discharge area for
water that has moved downbasin and, as such, becomes the final receiving area for
soluble chemicals transported hy the water. As water evaporates from the desert,
it leaves hehind its dissolved chemical load. A substantial part of this load
remains highly soluble and therefore tends to progressively enrich the remaining
and incoming water supply. The residual waters therefore are considerably more
saline than the composite inflow. Available data suggest that the ground water
can be grouped into five general categories according to chemical characteristics,
as follows: (1) large quantities of moderately saline to very saline water fill
most of the valley-fill deposits from relatively shallow to great depths; (2) an
unknown quantity of moderately dilute water occurs within a basalt aquifer of
apparently local areal extent generally about 500 feet below land surface in the
Fallon area; (3} unknown quantities of dilute to moderately dilute water are
found within, or associated with, recent fluvial sediments generally near present
or relatively contemporary Carson River channels, from shallow to unknown maximum
depths; (4) dilute to moderately dilute water occurs within shallow valley-fill
deposits, probably resulting from infiltration of irrigation water beneath or
near lands of the Newlands Reclamation Project; and (5) unknown amounts of water
of variable chemical quality lie within consolidated Tocks.

Domestic water demands are supplied mainly by (1) public-supply systems for
the city of Fallon and the Naval Air Station, which tap water from the basalt
aquifer, and (2) individual domestic wells that tap the shallow and generally
thin lens of relatively dilute water overlying the vast saline reservoir that
occupies most of the valley-fill deposits. Water from the basalt aquifer has
been utilized as a public supply for more than two decades. The water is soft
and penerally suitable for most uses. Thus far, only the arsenic concentration
(characteristically 0.05-0.10 mg/1) has caused any concern regarding suitability
for consumption by humans. Arscnic concentrations slightly exceed the limit for
drinking water (p. 75). Public-supply systems-contimie ta rely on the basalt
aquifer, owing to (1) the lack of any evidence of long-term adverse effect
attributable to the arsenic, and (2) the probable great expense invelved in
developing an altermate source of supply.
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The shallow ground water tapped by most individual domestic wells in the
Carson Desert area has an uncertain future as an acceptable supply because of
the risk of contamination. This risk is further increased by the fact that
most of the people extracting the water from shallow domestic wells also use
septic tanks that discharge at shallow depths within, or very close to, the
water-supply zone., Future replenishment of this domestic supply is also
uncertain because the amount and quality of replenishment depends on irrigation
practices and conditions., Current emphasis on increasingly frugal use of water
for irrigation suggests that future replenishment may ‘differ somewhat from past
replenishment. Lawrence Wolf, Churchill County Health Department (oral commun.,
1972), stated that water quality of the shallow aguifer apparently deteriorates
during periods of nonirrigation and no canal flow.

Salinity of Carson Desert ground water and the water's mineral precipitates
have from time to time been exploited comnmercially. The salt deposits associated
with Soda Lakes were mined extensively during the latter half of the 19th and
early 20th centuries. However, rising lake levels assoclated with infiltration
of irrigation water after the establishment of the Newlands Reclamation Project
(Lee and Clark, 1916, p. 679 and 680) flooded the salt works and diluted the
saline lake water. The unique hydrologic and chemical character of Soda lakes
was discussed by Rush (1972), Breese (1968), Lincoln (1923), Lee and Clark (1916),
Stabler (1904), Russell (1885), and athers. The geologic origin of Soda Lakes
has been most Tecently discussed by Morrison (1964, p. 71-72).

The U.S. Geological Survey prospected for salt deposits associated with the
valley £i11 during the early part of the 20th century (Gale, 1513, p. 303-311).
Other explorations probably were made from time to time throughout the Carson
Desert. Sodium chloride is presently harvested on the Fourmile Flat playa (pl. 1}
by the Huck Salt Company of Fallon. This company, since 1938, has been harvesting
salt that becomes concentrated on the playa surface through the interaction of
- the ground- and surface-water flow systems (Elmer Huckaby, oral commun., 1871),

; Barlier exploitation of saline playa deposits in the study area was described
by Russell (1885, p. 234 and 235} and Lincoln (1923, p. 7-9 and 14},

White Plains and Packard Valley

Very few water-chemistry data are available for the White Plains and
Packard Valley areas (table 31). One sample (well 23/28-29dc) suggests that
the valley-fill deposits of White Plains are saturated with saline, sodium
chloride-rich water similar to much of the very saline ground water of Carson
Nesert. This similarity is to be expected hecause both areas are the sinks of
their respective large drainage systems. Salt has been harvested along the
west side of White Plains playa in the past, as evidenced by the remains of
ahandoned salt evaporation pans visible from U.S. Interstate Highway 80. Salt
harvesting was described by Lincoln (1923, p. 7 and 14).

Two chemical analyses (27/33-24ccd and 28/34-31db; table 31) suggest that
ground water of the Packard Valley area 1s of the calcium sodium chloride type,
and varies in dissolved-solids concentraticn from place to place. The chemical
quality doubtless deteriorates as the ground water moves downgradient toward
the Carson Sink. The end product is the highly saline water that saturates the
valley-fill deposits of the sink.
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Thermal Water

Thermal water, for purposes of this discussion, is arbitrarily defined as
ground water warmer than the mean annual air temperature at the site.

Data in tables 27 and 31 suggest that several localized areas of deep-
seated pround-water circulation exist. The flows of Walleys, Hobo, and
Saratoga Hot Springs in Carson Valley (table 27) are thermal. Worts and
Malmberg (1966, p. 30, and table 12) described Carson Hot Springs in Eagle
Valley. The urbanizing area east of the Carson River at the base of Pinion
Hills hetween Mexican Dam and New Empire (location about 15/20-35¢; locally
referred to as the Pinion Hills subdivision) has a nunber of wells with.thermal
water. Sutro Tunnel in Dayton Valley discharges warm water from the consoli-
dated rocks.

The major known thermal ground-water area of Carson Desert is a generalized
zone extending from Soda Lakes to Stillwater that recently was classified by the
U.S. Geological Survey (Godwin and others, 1971, p. Z and 4) as a 'known geo-
thermal resource area." Morrison (1964, p. 117) briefly discussed the thermal
ground water in this area. This possibly extensive geothermal system is widely
recognized, but published information regarding its ground-water flow system is
scanty. ‘The basic nature of such an extensive geothermal system inherently
guarantees some influence on the quality of the involved ground water, but the
cxtent of influence in this case is virtually unknown.

Principal Water-Quality Problems

Table 37 sunmarizes the presently recognized water-quality problems in the
Carson River basin. It also summarizes some possible future problems that might
be anticipated on the basis of prescnt developments, limited knowledge of water
quality, and the hydrologic flow system of the basin,
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AVAILABLE WATER SUPPLY

{iroumd-Water Storage in the Valley-Fill Reservoirs

The amount of ground water stored in the valley fill to any selected depth
below the ground-water surface is the product of the area, the selected saturated
thickness (in this study, 100 ft), and the specific yield of the deposits (assumed
to average 10 percent for the study area). The estimates are listed in table 38.

Table 38,--Estimated quantity of ground water stored in the
upper 100 feet of saturated valley fill 1/

Area probably underlain
by 100 feet or more of Estimated quantity of

Hydrographic area saturated valley fill 2/ stored ground water 3/

(in downstream order) {acres, rounded) ' (acre-feet, rounded)
Carson Valley (Nev.) 70,000 ‘ ‘ 700,000
Bagle Valley 4/ 13,000 . 200,000

-, Dayton Valley 44,000 440,000

Churchill Valley a 74,000 a 740,000
Carson Desert ‘ b 800,000 c_ 8,000,000

Entire Carson River basin o
i Nevada | b 1,000,000 ¢ 10,000,000

~ Packard Valley - 50,000 500,000

" White Plains b 42,000 c 420,000

1. Data developed mainly by A, S. Van Denburgh, U.S. Geological Survey.

b

Assumed to be about 80 percent of the alluvial areas listed in table 2,
because of inward-sloping contact between valley fill and consclidated
rocks. (Does not apply to Lagle Valley.)

3. Assuming a specific yield of 0.10.

4. Dbata from Worts and Malmberg (1966, p. 11).

a. Includes ground water underlying Lahontan Reservoir.

b. Includes areas where grouhd water is too saline for most common uses.

c¢. Muach of this water is probably of an unacceptable quality for most common

uses,

Although the estimates of stored ground water are large, the amount avail-
able in areas where the depth to water is within economic pumping lift and where
land is suitable for cultivation is appreciably less. The amount of usable
ground water in storage that is economically available depends in part on the
distribution of the water-bearing deposits, the permeability and specific¢ yield
of the deposits, the distribution and range in chemical quality of the ground
water, the number and distribution of pumped wells, and the intended water use.
Also, large withdrawals of ground water along the flood plains of perennial
streams can affect the flow of surface water and therefore might legally infringe
on previously decreed surface-water rights.
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Available Supply, Mainsteom Areas

The available water supply in mainstem areas of the Carson River basin in
Nevada during the base period 1919-69 consisted principally of about 320,000
acre-feet per year of combined river flow and ground-water undertlow at the
California State line; 50,000 acre-feet per year of local surface and ground-
water inflow to the system, for a total of 370,000 acre-feet between the State i
line and the Carson Sink; and about 180,000 acre-feect of water imported from
the Truckec River basin through the Truckee Canal; £6r a grand total of about
550,000 acre-feet per year (table 30). In addition, more than 10 million acre-
feet of ground water is presently stored in the upper 100 fect of saturated
valley-fill deposits of the study area (table 38). Most of the surface water
but little.of.the ground water has been developed, as described in this report.

However, much of the stored ground water, particularly in the Carson Desert,
may be of unacceptable chemical quality for most uses.

‘Activities are underway to determine the most efficient legal, economic,

- and physical solutions to the problems of the combined Truckee and Carson River
basins., One principal problem relates to use and diversion of the water supply
of the two river basins, which has contributed to the declining stage of Pyramid
lLake, the terminal sink of the Truckee River basin. Traditionally, the Carson
River basin has been geared to a wining and agricultural economy and its needs.
However, if the present trends of popilation growth and urbanization continue,
many new hydrologic problems should be expected. '

Available Supply, Nommainstem Areas

The aﬁéilable supply of Tagle Valléy was described by Worts and Malmberg
(1966, p. 39) as the system yield, and was estimated at 10,000 acre-feet per .
year. N , . : i

Packard Valley and White Plains are tributary to the sink arca of Carson
Desert: but are not tributary ‘to the river mainstem, White Plains receives’
surface inflow on a generally irregular basis from the Humboldt River, and
Jdischarges part of that flow to the Carsen Sink. Very little ground-water
wnderflow enters or leaves White Plains (table 18) and only a minor amount of
ground-water recharge originates within the White Plains. hydrographic area
(table 17). Most stored ground water may be of very poor quality, and surface
inflow from the Humbgldt Sink is of variable and possibly poor quality much of
the time., Therefore, the amount of water reaching white Plains depends on the
degree of upstream utilization of Iumholdt River, which is subject to changing
practices of man, and consequently, the Tesidual is of undependable quantity
and quality. Thus, the dependahle, usable, and therefore available water supply,
. including the largely saline stored water (table 38), of White Plains can be
. considered-small at best.

. . _Packard Valley does not receive inflow from other hydrographic areas but
precipitation within- its own avea generates a potential for significant recharge.
Packard Valley discharges water to the Carson Sink by intermittent streamflow

and ground-water underflow. Because of intermittent flow characteristics, the

average annual streamflow- is too unpredictable to be considered a dependable =
water supply.. A well field probably could be developed that would salvage some
of the phreatophyte discharge {about 300 .acre-feet) and some of the ground-water
underflow to Carson Desert. Assuming effective salvage of about half the under- .
flow (about 200 acre-feet), the available supply of the valley would be about )
500 acre~feet per year, plus a substantial part of the 500,000 acre-feet of

stored water (table 38). '
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GECHYDROIOGIC HAZARDS

Gechydrologic hazards probably are as critical in the Carson River basin as
they are in almost any area of the world. Among these hazards, flooding of the
Carson River itself may be the most noticeable, because of its widespread effect.
Other water-related hazards of a generally more localized nature include flash
floods in small-drainage basins, snow avalanches, and landslides. Earthquakes
also must be considered because, though generally not hydrologic in origin, they
nonetheless could be direct forerunners of hydrologit hazards.

None of these hazards should be considered independently. For example:
(1) landslides can become more active during earthquakes and during times of
1ntense, flood-causing rains; (2) collapse of flood-control dams, with subsequent
major flooding, might well occur during an intense earthquake; (3) snow avalanches
could well be triggered by heavy rains or earthquakes; and (4) landslides might
cause major floods 'on relatively small tributary streams by ponding large quan-
tities of water that might then suddenly be released as the impounding landslide
is overtopped and quickly eroded.
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NIMBERING SYSTEM FOR HYDROLOGIC SITES

The nunbering system for hydrologic sites in this report indicates location
on the basis of the rectangular subdivision of public lands, referenced to the
Mount Diablo base line and meridian.  Fach rumber consists of three units: the
first is the township north of the base line; the second unit, separated from
the first by a slant, is the range east of the meridian; the third umit, separated
from the second by a dash, designates the square-mile section. The section
mmber is followed by letters that indicate the quarter section, quarter-quarter
section, and so on; the letters a, b, ¢, and d designate the northeast, northwest,
southwest, and southeast quarters, respectively. For example, well 14/19-15bcc
is in SWySWLNWy sec. 15, T. 14 N., R. 19 E. In this report, most sites identiflied
with three and occasionally four letters are in areas where detailed 1.5, Geological
Survey topographic maps (scale, 1:62,500 and 1:24,000) are available. In other
areas, sites have heen located using aerial photographs and a less detailed
1:250,000-scale map. An index to Geological Survey topographlc maps in Nevada
can be ghtained free of charge from the Distribution Secction, Geological Survey,
Federal Center, Lakewood, (olo. 80225,

Because of space limitation, wells are shown on plate 1 by a map mmber
which is referenced to a location number in table 39. Springs and other hydro-
logic sites arc identified on plate 1 only by the above described site numbering
system. Township and range numbers are shown along the margins of the plate.

-101-



Tanke S meandl aury

Nge: L, domestl} eepluratary; FH, ELal btchwry; 1, induserial: Tr, irrigatfon; OT, il teedid P, pnblic supply: 5. stock: U, nauced or abaadaucd
{intendzd use o prrentheswen): L, 1x0d€400,

Walwer leveli  M2asuveaentx seescded te tenths or hundredilic of » foar wore geowsaily made by U5, Ceologival Survey norsontcd, aud rwprwsant deprh zelow
Tund-nurfare dacun; MOSL Daiwsn: emente recopded o o wal Font ware reported by well drillar or owner.

Retuivis! O, chemigal analyals o rable 315 F, odepch, 2n fout. nl which water was flesf encounterad dveing dvilli Li+}, Ariller's Llog o table 40
L{EY, elevtrly Top svsdiable; L, dr2iler's ve Vithelagic log avallabla but noat ipsluded Lu pable &0; 0, 0 Ueolokiunl fSnrvey nbreTvation wells
T, peciod of wacer—Ilcva]l whssrvarion log lu [iles of fzace loglocer (3tats log mumber 25 lodicatwd)) T, lengeh af cioe betweesn «lack of pomp
tast amd Diwwsursment o yield and drgwduen, in honos,

[ Water-Level
imping Yi=1d (gya) SUrtanz _ pwmanrensnt
Mup Year Peptl  disnwlwe and druwdown w71 itede epth Docc
. Locielan thmer deillud  (feet)  Mackes)  Uuw ifeat) (feecd  (Lwwp) immssuired Rk
VALLEY
1 L/f0-sandd City of Cardnervillo 1070 a1 12 II.IMSIES 4, 7E2 mn 4= =F0  Li+}; Fel1,0DR; TwdB: nog wver in
Wall e 4 production s ot B-19-71
2 ~4vand  Tite o vardrerville 1963 Ml 1z ¥ 1,020/-- 4,760 13 I- =65 relf; L{+): =aB4AR; T=00,5 «©
Well mer. 3
3 —ikRad of Garcunrville Bre-192% -- - 4 -- 4,753 -- L] i
vell ne. 1
i il Gardneryille Ranchos 1987 Ghy 12 T 1,150/-- 4, BLM 13 G =RT el L{+): H=0A0A; Tedi; i

Wuil ma. 7

El —ldaaba  T.3. Bureau nf iparc 1903 |06 16 FH 1,420/ -= Ay RR2 A0 4= -0F L{t); f=366h; Tell
risteries, Weil ne. 3
& =Vamdde 1,5, Bereac of Sport 19451 Auy TR=10 ry — 4.ETR -— - L; fmBBAZ; O
Finhartme, Woll no. 4
T =15aubn Gardnersille Kanchow 1963 450 14 T 3R - AR L& 10- =R W=D, L; Gedudly L
Uell e 1
I ~itha . Hallwiokwl -- 149 1 It 1,175/ h, T30 10,0y 5-Li-i¥ 05 PelR9i-3h, 1338-preseont
] ~%izaca V.5, Buresu of fpore 1304 R0 Lz TE 3,0004275, 5 4,543 .2 1Zald-Bs Pl L{4) LOL); uwBleh; Ie2.7
Iisheriea, Well we. 3 Pump tosl dete Ftow Decart desaarch
Inetitute
10 —Mbdae U8, Rurssu af Epart 19613 LIER] in PH 7,000/-— 4,874 ag 9. -R% Tmh; | ErdGOG3 TA10
Fisherles, Bull na, B
11 «tulaes U5, Dercas of fport -- - - ¥H -n 4, B0S - --
Finhurieg, well no. 2
12 —dhdaed T Hirepy of Lport 1954 ey -3 FH LTS 4,845 14 A= =RA el ETRZLYT Tals
Fislevica, Well na. 1
13 13:/19-1ishh U E. freel Curpurstiom 149432 1.3268 in-7 K —_ 4 GRS - - Li{+}); “m23]3; snncher well noarby
snccuncered bodsuck Al 3RO L.
Thin wall fop showe oo bodrock
14 13/20wfad K, W. Hopkiow 19R2 S04 ld Tr about 3000 - 4 b - —_ J=dis Ly S+7380; Teakene 4 hrc.
15 oy Andre and Pernard Aldus 763 ADMD Lé Ir  ahoor 1, B00/-- 4 682 - - =21y Ly SR/L52; Tmahout & hrs.
10 7Tdi¢ E. L. Marahall 1963 hal 1 Tr 1L00)-- 4,084 flowing 6= -%% Fady L(+); F=A58F
17 —Read C.oR. Dodecks 1938 g 1¥-121 Te 2,00/ -— 4,700 1.95 i-la-45 oy Falisl=ii, 1054-pregent
1" ~Medad 0Iry of Minden, W1 goo 1 1225+ Jud iad T 1,800/1% 4,722 - - o
1y ~31um Bangherp Land & Livestock Co.  LVEY A1 15 e a, 7% £ U= =44 L; SetRé
a0 ~3Zwahe Dty of Minden, Well ne. 2 1947 o 12 " &, 722 1 A= =h Fallr L0E); w34 0
21 ~22ean Mack lanéd & Cartle Cao, 1327 L2 18 Tr 4, 7,499 H-1p-Lf 0 P-1931-67, lifd-prosent
4 —Jidaab Ciry of Gardnercille 1947 a0l 12 " 4,737 16,6 - =L; Fulfy T{t); n=108
Well no. 2
23 1131-13kad U, 5, Lereau of Land 1241 00 3 [EA] - S, 40,3 G=T4=70 1.

HMupugrment, "lhalde

zh Wall"

i =1%elh M4, kuToau ot Land 1941 Lais u vLay = 3,000 1b2.38 5-T4-70 T
Manapsawnl , "Fuckeys
Oresk Well"

5 ~Zch S, burcau of Land 1341 93 ] ] -- L1 - -AL ¢, L
Hanagumunl , "Fizh Lpring
Flar wz11"

26 L871%-1%0e lahn ASCudg: 1948 0z 12 Ir 00 )~ 7,160 1 18- =48 F=2up Lf4}: 5=7%4; badrock st

05 It

27 Jolar Aserapa 1853 52 UfIr) T wem 5,130 0 U= =53 Feli; Ty Am2Al0

& 4.8, Burwnn af Todraz affairs -- % ir 130431 Ay BED 10,49 5-i0-45 05 Puldfil-prenent

FE N Y ST AN Hwwnds Htate Hediug Secuxity 1968 “ R1% [ B(Z) 100/ LAY 4,682 a 1970¢7) Li+); A=l 288, pedrosk at
Briuem, Wall np. 3 450 1t

30 —78edd Unknawa - . & 1) - 4,710 1.7 3=14-70

a1 —iten M. Jolwann Lahy Ext: 16 IT P | YR 4,673 finwing 3= =63 L; Zel0,57%: T=24

VALLEY

EE TV A TR filerra Eu 19400 U 14 PELTETN A, 880 a5 0= A0 LOFY: 9=ubbng Twlng,
(SR LR ¥ wranite bedvock an 198 1
Water Cu., Well oo, &

a2 —firhl Glarra Furatew fion 1342 1n0 id r A0=a0—— &, 850 20 1= -2 Fadey 1 2
TL4I20, Lok iy
MWatwr iy, Wall uo. 3&

A% Y frw-Liada CHemon Water Go,, Well nu. £ 1972 il Th=1% B 1,200/ 80,4 4, Bhl 033 Y= 9=v2 Li RelR A0, 1=2n0Y

a4 —1383 U.5. Furesr lorvice 1955 q0n 16 3 L [ 1= -ip Hirest'H

1837 f¢

15 =Fauen 1.5, Farest Seovien Lubiy 290 10 F w/in 5,70 &5 Y- =hR F=60; L; 45405 Tal

% 15770-do Chswen Water Do, Well e 500 1570 715 Lh=12 F A07 Loé 4,730 I 8- wI0 O L0Y; s=ll 20l ©

37 —dackal T, L. hidgs - GUR ] ) —— 4 B - - n

37 —wacka J. . Rltep 1342 & o - 4 650 - -

3 ~1744 Cacaon Warrr o, Yo A b L 14 3 TR0 TA, TR I A H [N AC S FREI ] Y T E 1)

Ny «3denn Hevadn Tndisn Agency, 1969 sk 1w ¥ 20/38.5 Ay Tlh Ep T LNy, im0, B0 Tela;
Hell na. 4 wa Yedrdck wncmnterad

ai wilddee dNevada Tod {wn dgeney, 1967 20 H " - 4 706G 0086 1T 4=T1 L{#); 5270,%71; hedeack ac
Weil ma. J F43 fr

oo Grip{nably deilind st f-inel diawetar w519 feat tor LuAl purankes; lator comdeil)ed at LO-dinel dEalclar To 30 Frer far production hellis = 1 N
L. Tlupgped bach Lo 605 Fewr.
=10%=



Tabla 39, -—Well dwta--Tunticned

dg

Al
i
83

]

Ho

a7
a7
58

40
91

92

a4y

Y4
94

Land Watsr—Tuval
Cartnyg Yield (gpa} mupdacn ARASLCDATLE
Tiak Tepth  diwnmtur and dravdown  altitcde  Depth JIET
Locxliun frmm T dril]ed (LuaC]) (incheog) (g ffumt) [feet) Cimwt ) mggured Pz bn
TIAYTON VALLEY ) v
15/20-1aa Carmen (liy 190% 256 1 L CFFY 4, 8R4 213 LU= b9 U3 L; S=10,763; bodicck at 13R ML
1af2l-12ace W. W. Ritul 196 265 1R I: 3,1’50‘[7& 4,316 10 f- —RR peR; L(4): SelB 144; T=F; hediock
at 412 feet; I
—'l'b'u'r:ll Allran, Iuc., Weli noo 6 1948 164 14 ic 0 um 4,320 15 2w =48 Ew30; L: Sedh6; C
=-13%dd  Quilied Ranch 14l0¢ 130 14 It 1,000/-- £,430 - -
-2%acd . G. Barcon 1938¢ 250 — b4 - &,15h - - c
-21ddd J. Rigel 19iK ? & il ni-- 4,160 1l Tl- -48 Ly sers%; p=20
-2dbd Tayien Elesentary Hcheal 1371 135 ] ¥ 150725 4,370 71 A= =71 Li S#11,529; ¢ T=16
—2ibecby  Anrher Italler ourt 14957 i0A - P - h,370 - - )
—ddab Kevadn Cralt Guild 196% 135 1 bl 27100% 4,760 a0 0= —p9 15 8uiD,BY7; €
-29:d Prod Winkleor 1867 ] 3 jul AQf-- 4,770 45 I- =07 C: Fahbp L; G=9402
=2%db % 1. Zarroille -- A5 an b - 4,010 - _—
=8%d¢e ®. C. Drawn - 30 1] il - Y] - -
| Pt ThiTH Alltan, Inc., Well ou. % L19%1 400 16 I 4,000 /30 4,240 20 e 0] Fell; L S=&087
=Ldn Dayton Yuiluy Renchos 11%% 260 T4-12 P -- iy 05 57,82 2-1R-77 1.; 7=293%: Feil
- 7bdt Y, W, Ritmul - pRAIH 2 D - 4,305 - - e
~yed © Cene Minor - 197 12 V{Te)  3,000/-- 4,310 } 19473 A=1003
-Uals Harvin Pieklos 171 145 E o Jifa0 4,315 [ 4= 71 T; 811,951 L+4; ©
=-dba 2, L. Bindebuch 1968 73 16 Iv 1,400/5) 4,330 34 - —hR L; Se1U,114; =5
-1 -1 Ko . Riwdeluch 1963 600 14 ir L B00/-- 4,330 A4 P % B R A N VR D E 1
-Gdam  Tknowy - - [ D - 4,410 125,22 6= 1.70
-lAah Geow Hinow 1840 300 14 Ir 2y RO e 4,000 55,24 2-15-22 Li ZusldaE
=lficee W, F. Hwirusann - - 3 o - 4,375 — -~ C
-1Rqddd W, E. Eerymasn 1886 202 16 ir 1,730/ -- 4,57 55 G- enh L; 4=34E5
=19and W, E. Berrmann 1854 230 16 U{Led 1,500 ws 4,375 RE. 06 L, b=3435; F=bl
=L4hkh W. E. Herrmann 1928 71 16 T 1,000, —- 4,375 51.004
—19hke1 W, E. Herrmann 1456 112 15 uilcy - 4,375 52.81 L; 4=3936; Fain?
-19%bed W, E. liarTeann 1936 197 16 (7=} — G,37% 33.02
16/23-hd Hodges Tranuporiation Co. 1347 315 (LSS 174 P - 4,250 20 pm2d; L{=31 &m32%; hedrock ac 178 ft
17/32al0dddd  Mark Iwain Feestws 471 RIT i vy 1614 4,440 138.2% Li Gm11,768: bedrock st 47 fees
s2BSba k. 4 0TedE L1576 122 u v - 4,345 - - IE
-25dbd Balph Rickx 1870 111 & n . [t ] 53.32 T-22-72 FmR5; Ly Sw11,630; O
B TH Rimn 5. Kuaiel 1 214 & 3] 9/ 4, 500 K26 F-27-72 Fa180y L s=l],32% THL S
-30ddb Sapehroeh Ramal 1947 177 # n - 4,415 117 t- -87  0; FxldS; L L=036E
w3lud Elx-Mile Quarty I'redneis /1 143 10 i - G408 103,72 TedZ-y2 FrfU: 4=12,180
=3k G, Suwith - - A L{D} - 4,300 X316 £- 3-70
-13czac Allran. Tno., Wuell ne. 2 141 a0 I3 1{1:) DU/ 0,320 2W.Ty 2-17-77 F=i0: L S=ANSR
=33zcbe Albran, Taeo, Well mo, D 1961 B3l 16 L 1,300/14% B T- -6l Talyp LO3); HeANf4; C
-3 3dhe allvan, lue., Well nu, 3 149kt 504 1t ir 2,370/ -~ - - F=105; [; SmBbdd
EELLIN Ailrom, lnc,, Well no. & 196] ki 16 Ir 2,500/¢0 33 t- -6l bS8 T SesNE5: O
=1%he Joacph Chaves 1048 - 16 £ Bal/a2.s a, A 2’-’..19 1-11-49 L Fm19%2-505, 1UIH-85, 1987-
present
17/23ulld stagecasih Lwad Co. mmn 257 A F - 4,470 145,70 f- 3-70 Ty Sml0,875; I=1530; C
Weli e, 1
-lab Arugavoech Land Ca, bEFIY asn o U e Loak0 224,38 T-lbe72 Lp E=ll,15%: Falln
14 ttagurconeh Land Co. 1871 5 & I3 WS- L,32n TY.0E - 1-72 s EwL),§63; T=d; C
Well oo, 3
-2hd Stagecoach Land On. 1970 300 L " e 4,375 - - Lp vm11,349; FEub: €
Well g 2
CEITTY Yactyus Callca inTl Livd 21 ol S —= 4,350 - .- 1 Emll, 50
=Jadk H. Wleaan 1904 350 12 D{Ir) - 4,190 59,53 hi- Z.70 Talb2
=inbk Fun Reellison 1871 125 4 n 15/-- &, 550 L; 4=l1,73%; Tmi: £ F=af
=7ddd cah Conctruntinn & Mining Co. L46] 386 1y U - 4,315 L; mB304
=10baa M, G thillips 1269 17 Tr 90G/112 4,230 Cp L{+): 5-L0,523; F=59
=10hl% W. M. laver 1959 an L0 Tr 1,2349/24 A, A05 =5y L{+): E=36LT, T=304
Ledeock ar 230 fuet
=1ldbck W, Il.. Raywer —- 204 a B - L,250 - -
=iUbse  P. T. Aumustine 140Y% 198 & I - 4,280 ik Se =88 UG Lo N, Hab
=10bdd  Weallwbnan - - -- n -
-ilab HunLir - - [ n -
-ilace  Towley 971 Tor ] P P [H
=1ldek Unlaown - - bl 5 - [
-184d Uiwh Gonmzrucecion & Mindng Cuo. 1962 /22 16 uiL) S e Fwnd; LUF); H=6551%
-i7apa 5. Holzun b D] # u{lr,p} JEIEERS TrE(: L; f=A20: Tap
-31Ehuu Hodges lransportatiuvn Co, 197 310 bl 1 - 4,250 an - L 8=11,750; ©
T8/ 2324l Jetm Waril 1972 a0 ] L - Ay 360 128,62 T-14=73
Estimntad,

=10 1.




Tuble 29, -—Uell dara--Coenticded

Map

T,

=

&

a7,

kL]

Y
10w
101
inz
N3
104
ins
1as
107
1na
103
(R
[y
112
113

L)

17

114

L%
120

121

ay

127

124

18

L3

131
131

133
(2]
135

Tan

137

Lud

128

140

Tund Tnt T pwal
Gaalng Ticld (gpuw)  ourtaze is uc s 1.
Year Deptl dlmmelar angd drowdown  altitude  Depth Dace
Tncatien Quriey dritled  [(feet) {tnehoad  Unw (Tuwt) (Teat) ilfeet) meacered B ihy
CHIRCHTIT. VaLLRY
16/25-54c U.5. Buresn of Tand 1963¢%) 1/t f - 4,230 B5. L0 b= w0
Managtuwnl
-1%he .5, Dureau of Liood iman 126 iy 3 - 4,013 RN fi- =70 F=dl; L
Mansgement “Lahentan Well”
L/ 20=-2da 1.8, Rorean of tand -- - — 3 — 4,145 -— -
Hapagemaat "Faulen Wall™
17/ 24-Tded tinknowm -- - 4 Uim -— Ay aon ARCRE B= A-30 Abapdosed Loaeslie
=lulic  RAwin Mcihzrson 1965 w0 ] . 4,251 104 1= —R3 L EeLD,Y9; €
—dada Pennk Hhipida 1806 Wiy R nim s0/5 &, 2U5 it} I A TR 5o
=56aa Franll Ghlp?is 1470 [ 10 H - A 215 -- - r
17/25-5dby Biclhard SFpemer 14%¢6 105 ] [ - A, 1Bn A I=11e?2 1
=10ed Unileciowt -— - 3 n - i, 195 3405 G-li-J0
-Thehe  Metnero - -- G-y “a - A, 100 330 u-Ll-uy
-1Gdddd  Maraell Davis 12340 159 ] T - Ay B0 - - [
-19%ab J. Breplanaun - 103 [ n - i, L84 A=11-i:%
=2cbe  Ditlaivwn - - - n -— 4, L8y il e lLla0%
IR/ 24=-232dl Couwnwnlty of S{lver fSpringe La54 260 14 T —_ L0 A4 4= =54 Fablh; Li{+}; S=RRA3; O
=2ILde Jo AL Tuwel? LYED aes 12 It - b, 2L M 1960 T=3a; 1
=-Zfeae Mawrk Morgsm - 001 - 13 - 4,240 - am [
-2idb Eugene Rlauk La5é A0 1 T EES R #0018 L8 - =06 TaA7%; L) Rhh
-28ac U.%. Eurnnu af Tand L3942 2HL L1 R - 4, %80 2aL Li-1%=4d Fali0y 1
Manapement “irockToa MAAT B= R=TO
Flar Wel1"
=FRdoc James Qenstx - —- - m - A,300 — c
=iabs JL 4. Bey 1971 31y U o - AyA0 T-l4=72 G
=3hudd  Unknown - - ] uio - 4,103 Af, A0 A=LD=F0
18f25wbn o, putedr ot Land - IR0 1 E - 4,37 RIEAR A-LD-TD Eeldd; Ly ©
Manugenen ! “ihite Sage
Flar Well"
=19cde Commually of Silwer fpeinge Lus] FH u ™ - 4.l85 - - Ly Sa=1671; @
L6/0-72n L5, teclngloal burvey e fil Lis E -— 3930 2R.0AIN-13-T1
=dg U.A. Bavesw o and 1%43 - [ 5 - 3,500 1.4% A=17-R3 1967 watcr-lovel measurcment by
Eanageneat "Fuan Flay Well" 2L.0&  B-1B=V0 DRT pacsounnl
=17%ea 0,8, Seologleal Sarvey 1971 5 1.5 |4 - 5,930 1411 L0=-13-71
LRI M., gyreal of Land 1046 - [ 5 —_ 3,09% 0,40 B=-15=-T0
Maangeosil "THarend wWaeh
ke2l"
16731-3cad  U.S. Buwiwesn of Tamd Ligi A50 I % - L,183  2may fm 1-2  L20Y waTev-Lovel meagirement hy el
Mansestent "Wielilown He11" 2RA - prrAmeT
16/ 32-5hed W, Gushgoan — 47 B g o .31/ 3,004 110 A-1n=d7 1967 watpre-tevel messneemsal by TRT
3.2 FoA0-AT pursuouel
=Tl hy Mathows -n - [ [y o Mirihfem a.9%a% %1 A=13=80  19A7 watur=Tpvs] wenaan woenl, Ly DRT
P, %% F-j0-4E perconacl
EECRE F. Beanitl -— L 2 (T - 3BT £5, 2 4-lU-02 1962 wacer—Level meagurement by it
05 HT 7.30-A2  perannmel
=0k Dunlyrm Oemet rust den o, - 0 4 H o Oa-- 3,881 tlowlng Se22-62 1701 walwr=Tuval wedsdiencal by DRI
porsosnel
«L9h ¥, flushaon - - [ i & 3=ff-s .00 Moewing A= =67 LPL2 water-Level mesgirement by o7
perHaning]
-19d U.5. Aturcli Enweyy Commiusicn  19A7 140 3 F u BEf-— A 00T LLOVES  =dU-GE TR wmtar-Tevel wewsuruienl LY DRI
pEToonneL; lep from Neyada luresn
of Mines amd olbers (T8, p. 107}
=Made U.E. Atamic Foerpy Omwewiseign LA6R2 44U ¥ F b F=T0/—= A,83F 0 32R.n f=2L-G2 Lty TAR); wnlea -l
Ly BRL porsoadel; f
ar 310 Taers Moy T
of HMiven and olhees {1903,
pooLls)
17 /24-13d , Nalten 134y had H u 2 13/ /m= 4,910 Tluwing 11- =47 Ge#RL
L7 /291 Hhd dages apd Jewell Ranch 1¥41-23 3,400 - [iry - 3,810 aw - L{ty; Jog From Marricon (1964,
' g 1649)
L7730=3eu C.5. Guologicsl Sizrvayr 1571 22 1.3 E - Nl 1L Gy 10-13-71
—4caa U.5. Guuluwicsl Survay o N Tl 1.3 = -_— PRt 191 10-13-71
17030-L5d U.f. Burssu of Twnd - - [ B -— L U ¥ TR A & ]
ranagement {4)
FiA2edin 8. wnrean of Land 1404 180 L3 u = 4, 600 1h6 19R4 mTRZ; 1
Fadwgamnt "Sund
rountain Well'
18/ 2% 3beh ‘hnechi ]l Prilliog Corp. 1460 1,25A! - a1 - A,%78 - - Kapprrodly no bedroclh cnoolnlered
Llgw ne. 1Y
=13zad  Churahii1) Drilling farp, 1459 g,001 - ar - 4, a5l - - Raparteily ne hedrock sncovatercd
"Regpie wo. 1
=13dde Chyroaill Dralling Corw. 1241 Ay 780 - oI - 3,152 - - Keporcedly no bedrock cacodacercd
VLT e ma. BT
[RfF9-5bac U.5. Havy 1854 1 B-132 (R} - 3, 247 o L0=gi=54 01 Li+d; well semded Do ocdusing pump
tesk; lem from Bingman (1955)
= iian ., Mawy 1eny h2% T4 [HYy) - 1,450 - —_ LY lexn from kingman (L9s¥)
=l0LLY L3, Wawy Lubd [2iF3 Li n(e) - 5,940 - - LOrds LB} Lew fvow Kiopgown $195%)
=deas .8, Fuvy Loag 1,78t - 1Ty - 3,954 - - Lit) s luy from Museivon (1264, 144}

Frrimsted,



Tubla 49, --Fell dava-~Lontinued

Land Halwrelevel
i Lug Yield {ypm)  wacleee maasn
Hap Teur Dapth  dlameter sl drawdown oltizude  Depth
ng. Local o immer drilled  {feet) inches)  Maa (fecr) {fact] [Teal)  nvAsnysd Ermarks
CARAOY DESFRTanlonp [nacd
1ah o 18/30-12nca Uaknown -- - " 3 - 1,041 -— - o
1415 =1584n L. Beeye, "fuln Wella' L4571y 10 a o —_— 3,957 = - ©
Lab “18/31-4da UG, purmau mf Tand 1941 140 & = —-— A, 127 T125.80 N=20-10
Manugeineat "gene Well”
147 -0 Lalwacan ¥evada g1l to. 1W21-20 2, 0L5-7,(R0E —— oT e 4,215 - -- L(+): log trom Mereiwom (1052 g, 239
14 =17 V.5, Burcau of land 1482 KLE £ a - 4,276 ADD Jwid-i2  Warer-iovel meswnrement Ty DRI b5
Hunumyumant “'DLamand LTI
Canyon Well™
1849 =dleee 1,5, Burean of Land - N f g - 3,976 T4 4aLl0-02  Cp 1942 water=Tevsl nwdnmarencots by
Manaygsmpnt . A1.86 7-30-82 M1 personnel
9,27 B=10-70
1at  19/26-23hk Unknown - - ] U - 4,115 @484 A=11-70
151 19/17-1%dc U, h. Gualopierl Survey 1571 10 1.4 L - 4,001 - - Q
15 -1{bo tnknown ~-- - h U - 4,073 ai.0u U= 5=iu
153 L4fau-ilce Unknowm L§700M - 8 ) — 3,805 KOy SR T T 1]
La4 =idaa glyde Gummow, Se. -— 41 8 vLn) - 3,072 - - [+
Las =27d=ah Clpde Guondid, 5v. 1M1 1,195+ -— Pl _ 3,972 - - Lit); G5 weailc ac 1,050 fesh
log frem Mocciser (1959, p. Lid)
156 rlbace Uity of ralleg 194 a7 -- T(F) - 3,870 - - Li{+); abandoped and wuunedy Log from
Morsiaom (1958, B LE7)
i57? -Iapg  Gity of Fellon Ton% 8135 14 ey ERGRE J.902 SH.47 0 L1-15-7F TmlR; L{+): W10, 789 hawslr o wi 320
teat
158 -3hdaa Uity of rallmm 1965 SRR 1" e 1,an0/— 1,9R3 N4 Il- =LY FeLS; LIE}; ! Ay laaelt ot 510 ft
13%  149/29-30cha  City of Fallon, Well no, ] 197 Al - ¥ HYLLIE 3,040 a3 id- =70 L{v); A=11,3743 Lasalt at A0S fewl
160 =30cdbl City of Fallun, Well oo, L Laal Nk lnt 13 L,600/5 3,298 R 1961 L{vY; harali w448 feet; O
160 -30cdb? ity of Fallan, Well oo, 2 La4d A2l 12ala-18’ ¥ L, 040/ ) - 3,058 13 L1948 L{+3; humali ar &35 tect;
1é1 =3ibabe T, N Rent Ca. Lasn Ahd LR B 00 f-- 3,965 15 - -8 Lfrd; S=RZ8; PelS) O baszle st
415 oot
162 =1izkhl  T.E. Wavy, Well wo. L 19a2 ZLl 10-16=74 " T, 000 —— 13,4944 L 8- -RZ Li+}s RaB0ZE; Uy boralt s 476 Teul
162 2d3akh2 U.5. Nevy, Well me, 3 1941 530 1% B 1,400 IR S 2- -1 Li{+dy vouzz;  namall oan DU Lect
162 -33rhh3 U.A. Havy, WKell we, 3 1562 ENTY L6-74 n 2,000 - 3,958 19,0 A= =h2 Li+)y EmEGZY: TmT?; busalt at
. 500 fack R
1631 19/30=3ltel L. W. Maszon Lo64 15-19 5 T - 3,908 [ JTHE] M
14k -30eea T, L, Hherman - 7 H vio} - 1,728 w— - I3
by 19/01-}de Jehn mell - N4 k] heatiog floving/-— 5,807 21 tr reporred o veparied balllag
) LYHEPTY
Lad
H «lla LB, Purzaw of e54() - f g - 3830 ADRE Ee202VU O
Hanagement
Pulnl Weil!
i67 =3 Grleevs Trudt <o aod fast 1922-24 2,442 - e - J.43h - -- i
Chanee 041 oo
LEN  20/26=-26e0 Southern Tacll e Ruwilicad 1307 1,375 17 oI - A,00% ] 7=27-07 i
163 20/28-1ny Yopnmmetals, Tnoo 1968 627 Hali I T0FL05 3,982 ad L1965 t; L{r); Swll,Uab; =4
170 -%fech lmknenm - ni - 1] - ERCE L - - Bri1led ec site of exbinel hot
. spring Clerrlmas, 1864, po LI7)
171 20/2%30ece UG, Uotps of Popfnewrs FEEL B9 A WEE) - 3,080 - - L{rz LIRY
172 20/92-28 W, SuTean of famd -- -- 8 H - 3,925 3F.B5 0-0-YU
Hamya: "Floc Well"
173 21/27=izbd Unkmonm - CL] [ G - & Ry 177,68 Bellal}
19 21/10-Mae U, 4, Geolnglowl Survey Imi-1:z qus iz [ 2930/ 4,882 Flowiag 10-13-/1 C: Llep in Oule, L8135, po 306
“TIpbar Lake Well”
175 Ll/52-03che WLA.- Bubwauw ot Land - - [ i - 3,932 320 B-l0-0 ¢
Management “Demert Wall!
1M RRSI-Vihbd  Qurelill Drilling Cerp. b1l 3,756 -- aT - 3, R50% - - veperiwdly 0o bedrock snaneunteled)
RS I (R PO L galtuatwe  wml paw, 3,125=0, 150 Fr
177 =195bd 1. Ko Thorpe Coo 1964 2,00 - o -- 3, Ga0k - u Reporeedly ne hedruock cnocountered
"Cavaon Sink mo, L
iTa 22/33-1%, U.5. Durzau of lLand - - 1) i - A,8%0 Ju.PE 0= A-700
panagement "Fisk Well”
179 23/30-lubh U, ., Boraan ol Laod 1REALT) - & ] 12/-= 3,840 A8 Beln-/0
Manogonent "Coppet
kectle bell”
TR0 24/31=1dde Unknows -- - 1z u - AL 37,09 10— &-70
EARD VALLEY
131 26/3%elbaa U.E. Surcaw of Lend 13938 1% " 5 - 4,28y 87,3} A-20470 L{H)
Munagumeut "MuctlenerTy
Well"
182 2V/3%24zed T.E. Burcaw of land 1439 130 & g - @, 517 wy.(0f  R=T0-70 0 =
Hanagemant. "Rallel
Well no. 27
WHTTE_PLATNE
THI O 23/I8-I4ae Uuknown - Ak AExhY T — 3,930 42 67 10-7-70 o
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Tahlw 46 . ~-Seloctod we

TRivk- o TRICk- - THTCHS
Hater fal R Dupt 2zori _— - Thick-
e :feﬁ-f\‘ Hazerisl ‘:::.'s) (r;: pih Mrzerial ,.‘n;:.;l (lr_npth Matrrial ';:f‘i‘- Oupth
e e FHERY T - {1eet Tent [
danad . i T .
: I“ ,1 I;Un-lndr.r.l»_-.(,unl”mgd 12/ #-10dcab--Cunt inued 1/ #0a 2 daacas-ontinleg
opsotl, sand : ; - e P o - ) )
Clay. i, ):ar‘dy A ;‘ bm;]:g.loh-'!;;‘r‘uzlf:,-d Clay, yallow, kard and '-ﬂ':V‘l".l El?lfmlm‘ ‘h;gr
k " 2] 4 SRR T Ghdre S soft, sandy, and T A e e 3
:g ':r\::'!:\ }J::'i 1 - ";d "‘1|.IL T: iy LA Ean-;'mg:d Sulieviumled vileanics
ETivn god gr- aand, Tine Ly voersa wlLh aimii rounded minly kasalt. &3
ainid=d gravels with rognded qravnis e Pyl . ar
bl ) d aravels Lok inch ibroknded quirty
P 2 iadhe: tobbies to B onalies, (0w B i d chert, ©lear
colles dnd clay gy ved 1o (0uuibiy water- and ghert, o Ghean
lersey, waler 7 k sandy Pl o It 57 bearing n e siple, o chay. i Tk
Sluys yellow, sandy 5 IR oarae - ! fand, fine £ coarse, sravei, uniforn. Uy
e Fine ans 1 ] With nmal | % subrounded to angular
faml, Tine tu coarse with roundad drave -
Witn semraunded o Ui iy ,:'umr ‘ru:lnd;"d dravely Lo ratnded :,: 'gh; d
aravcln to L 1n ; ; ¥, zame - Anch, very silty 4 226 rinded qUArLY and
A ter . - Tﬂvg):’ Felluw ciay s 5 Mav, yuliow, zoft, 5::;t HE red-hrown " s
Saaz, gearse, clean H 50 Goulder, yery hard iy 4 : P P =
- L Bl 3R p 3 el - % LT i
Sand. coerse, 5ilty, Sand, tipe Lo cosrse f ! iiun, harg, 1”',1.' MR 33:.-" #nd
with vellom ola R . by, sune rounded yrivel, JE. A%
yellaw clay with »i7L and o Gl e Fasalt in rounded t
RLEPaks, Wi an wunde s gravels Lu b inch galt In raundes to
} . ’ a0 ul rounded gravels to - oo
iand, epardn, Clwd i ; Trbeddud & 434 arquiar grainc.
ad, gearti, cluin, doehes, ¢ledn in sard, line to —oarse : Lhan 1uf chips.
with some gravels streaks, » catbies H ST " N
ta i bnek 7 4 s with small rounaed quirtz and chart
e F oboghes, walpr 7 47 and yelluw ctay . 5 T
1ay. 3 e - _.gravels ta k inch 2 a1z SIRC=RiTed ACRIN
L1ay 19 rived 35 e z Tiow, nare. : tote luvps ot poblow
Bouhiber, very hard, . with seTe clay. : H 136
) prubably granfte 1 109 gravels ta ¥y tngh Yard, coaran, #0s, anc
2 1 sand, fine to comres, e ¥ y ac el , o
] e wlthdmlt and g asall, rounded Lo
rounded gravels Lo 1240 a Tar ura it 5
Secharn 120001 8aaha anyular graing, 0%
4 130 1 drches " Tilky = cliips. 3% quarts and
Boulaer, vuery hard, Clay, sireaks of yravel i chalordamy. 4% browe
s profahiy urenite 1y 1z anile, decenocars k .7 clay. : Y 147
3 zlay Alreaks, » Saml, fing Tn coarse, avel, coarse, snd LaTE ag ahmve, lump ot
hener 33 ey with rouaged grayele L 32 W weliow niny. B 128
”I.".‘ Brown . with L 3 inches, probebly PAVE), CUAYER 21 10 Glay, Wb, and Graval. -
lDJ!?C'!w\.. qraveis ) water-boaring 3 & nsl und buuldeirs 1% 14 0% vinded 10 angular
ta f/y tuehy waler 4 17 Clay, sdndy, yuilow, ad aml codrse gravel 31 Tht Lasalt a3 yravel amd
Clag, giav, sandy 5 IVE witn fine & cosrie S, cubhles, and Chips, 7R, GRE
Kauwd, (oarse, wish sard 2 roundes boulders 23 193 ¥ellow zlay ane brown
greveis 1w M inches qraveis 1o 7 inch, Gand, graval, aml reck T4 Zin wiltw v 8 i
) i xed-vlay lenrses [ 1ER all Tizad 15 M aravel kU] 24D Sand “{_0”.—..' Lst, clay i
fand, cosrse, with tand, tine Lo cuarse, Shele and gravel 14 25% e and‘;:’*avn‘:] Lo
rourded arave [t to with 5710 and large Grevel, 4 inch an 35 B0E basale to aibe
Ty inches mixed- ) roundel cobbles to Wravet, rock, and rounded, #% chips
an."v clean, \:‘-1 rer 2 gllﬁ 10 dnches, sove o bouiders 155 530 10% :u'm"t,r andd rhur.-t.
. yellon, sandy 3 S yellon clay mied Tt 147 Sand and boulders n 530 a0k Alay.  feiloa and
Zend, viucru. Ad‘ll’."\ Sad, fine to coarse, Clay. wandy, 2n2 Lran s nated, & iTl
;'mu ar aravels Ly . Wity rounded cobblos LY ders 15 87 Sand, foane
(i irehes e E ta T tnchey and Gravel i 240 “aravel, 103,
Tay, vollow, narc, baulders Lo 15 inchos Gravel a ale bl g "
with cphbles to b &5 beeail, wub
M incﬁ:: aed . . RIS Lu bo a wery dravel, streasy ol sapd 40 60 ERyLT AT :
L ] 5 256 ol aewifer g 156 dand, Tine to coarse, 25 cuarts and < thor s 7 17
Zand, vosrsc, wWith Clay, yelicw, hard ™ et £ . . . ‘
wrall wobbles to b . d. } . Sl are aravel A 740 Ulzy, AU, and wravel,
I oincined mised, hana -J{,\H w K 161 Fe arane s e L-‘I '.;'.'.‘f b"’“:“ wub-
o . ahi, “ Ly roaran, ndgdt Lo angular.
Han:wrﬂl 3: j:;ig \.J'.l‘.i\ uendad gravels e “lay.  Gray, wrown,
Kan, ,{e. with }ﬁldﬁ‘:‘:n?:- and opsnil 4 3 and yeiiow ol y s, 12
surt rounded grevals 12 inches ::_:‘ t?l il Baml, cuarse tu very Sand, :odr.c y ant
Ta 14 snehos mived, e 4‘1” Stldlese. F0R003 shgular rj»r\] bR
aetor 1 a8 u ! Acky - ndsalt frng.r,,:“t;‘ 203 [azall n)umlml ki
Ly, sallas, hard B _|)’r:‘|1'.[wlx;.ia,r mixed 4 | aubanguiar to sub- ular, 207 yuarle,
oeanianal | N “;‘Sh"‘ oy hard amd rOuTHil quarLe dnd chert, yranite. 53
Gravel to ¥ incnes 5 3 = sandy. with crert,  Gome bivtile, of wzpic in chipa. i e
! Tuuncrd gravels Lo Fueh yr Brown Yand, ccarse, 0L,
12/ et-4band j1h:h " - 14 197 ari1Ting mud Sut ne aravel,
Sand, f1ne 10 Cuarse, 1y Tunps . 1 14 0%, &0% pazair,
Tepsoi ] 19 10 HIt!\ roi dul gravels Sand, vory coarse ta angular. 0% chart
Oeuldera, with sarwt 12 I to 2 figies and yrdvel . /G-RA% anguiar and quarts,  10% brdwn
1 ha .‘.ahhl-_-s__tu 1G inches, hTaw: E1ack basslt and yelbow olay,  Lups
gray [ 46 | nome geiion clay 48 244 tragmenty (may be iron of yuiluw clay. S0% of
RIS Qrﬂ]npu g 34 samd, fine to caarse, spaims).  Amgular Tight samoic a% chips. 4 213
d, hard, and boulders with rounded gravels yulluk-brown crert, 10T As above but more clay,
. ?ul'L n,[rcak__ 1# Tz to % oinches, vory Subrounded to un:u;m* asout 3R, Lumps ot
Wlayy wandy, foe cluin, yiel Tow quariy.  Trave of orown and yellow alay. 10 A3
o dlers g i clay amd 5Tt mixed 37 8 wiseyrite and bigtita. Gravel tfinas probably
Saml, siity ) 13 a0 and, Tine to coarse, [lean samale, ro clay washed from sample).
fand, largesgrain, with cobzles to lumps . T k] ae hasalk, 2113haly
_unail gravel L 10 ¢ ; Gravel, Some very voarse tran stained,  10h
sand, snfl, ferye-grain d to coerse, nd.  AGY sebrowaded guards and chert,
Wit o cldy 20 1 :HLH raunded gravels to angular basalt Some Tumps ol et
sand, hard, with Liyht to 4 inches aad pebbies and fragments clag, AQ-59% chips. 17 243
shells 4 155 ovedsionni fobbles Wlnei with Drownish As abuve bul wilh about
Quartz, hard, sandy Lo 10 inches, swue slains. Subraunded to 308 brown clay. 17 27
grawel ] a1 188 "“ Tised hEl 306 subgrqular quartz and Sand, ruarse, 20%, dnd
arge-yrain iay, yeliow, Fard and chert. One caleite gravel. HOE. 405
g1t erate as o B ¥ I fregrent nated 10 14 baselt, rounded to
Eard with buuldars, ) wand, Tine Ui vearse, Sand, coarse, A5 gravel angular. 0L guarrr
L pne brown ulay 47 FHD wWith rounded gravels vizes.,  Some hasalg and chert.  Clean
sand, lavge-grain Lo to by el & 314 pehhlee,  AQ-90Y sARple, ne cy,
sl yrayel 16 7oa Whave yellow, hard, anquiar busall frag- A0-50% vhips. [ 263
Band and yrdavel packaed . stivey 4 KED) ments . wilh brown Clay, 308, voarse sand,
inowlay _ 4 4 wand, Floe tu coarse, statns.  Subrounded 10%, and yravel, 404,
Sant, yeavel, and with serrirounced Lo Angular yudrt: and S0% brunn clay witn
. E:uu'l:':*r, a7 376 gravels to S/, fnech chait, - n I few jurpy yellow ciay.
Ty, velluw, sandy, Mt Ei 1aH Gravel to pebble sizes ’ A5% bazaltl, snguiar 5%
anl yravel 17 343 Slay, yellaw, navd and te 15w, 704 ootbles qudrtz and chert.
el soft, ‘r.mm_y. Lot ines siged anyular fragments H-EUE ehips . #h HH
=lilgcch . sticky [ LA | of black Lasall, 708 A5 above but no clay
Tapsad |, boamy. with .:-‘lntll. tine tu cosrse, sunangulae qarls apd Al Twed chips. a0-
B ndad et lue o with ruusled gravais charn. 105 red-brunn Ny chips, 8 287
R a g foh ineh, weme il 14 Tult clay. 27 2l Sand, caarse, 43, yrivel
Send, tine o toarse, Uf,";‘i'ﬂﬂ'-‘“‘- rard and A Gru\_:c‘! with 70F piebibile A0%, rlap. i0%, Sl
with a111 and . ‘1‘ u'\_band‘y 3 m sizes,  FO-FGE apgnlar hasalrn, angular 10¥
ramlml cobbles o Bane ine Lo coarse, pans Il fraguenty, 1540 vt siny, a0 lunye.
Befoch ol laneber i I with m.rmml’mdpd subralnded Lo angular E0-30% chips 7 33
Sand, Fine Ly coaree, gravels to 3/, fuch auarte andl chert. 0% Sand, medinm, \-‘r::., e
With ranoted oravels | sorw st L 306 P 1 2 yravel, 7%, 90%
fncties anl Day, wallima, veyry saft, Sand, ciatse, and gravel o bavall sulnroui=d Ly
thies t0 8 i ) L sarey ; ELE] Z0-30¥ angular wo sub- anguiar, 1% quarts
St aml some safT, fend, Tine 10 warse, snided bazalt.  I0-7GX and vhert, e 30F
sandy, yelive clay, "17""’7?'1'- and vaunded angular quartr and rhips. m 323
vduriferous 50 80 q’j"'ﬁ £ Ly 3y inch chort. Claan zaigla,
m d 17 110 o clay. 2 Tue feunLinueg)
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Table 40.--5clectad well logs--Cuntinu=d
Thueke THITET Thicks e TRIEH-
Material nARS Lepth Material nesy Daprtn Material ] Uepth MaLwrinl 8 lepzh
{teet) (fret) {{vet)_f(faet) (rroc)  (feet) ., enr)  {fenss
12/20.2300z3--Continucd 13/20-37hahke 14770-3hdb 15/80-1709--Conttnued
Sand, guarse, 30%, to Tupsiil 3 2 Sard, gravel, anc clay 67 &7 Clay. stveas nt sand,
qravel, TOF, 0% Grovel. large, and Bogldat 3 7 ) nar: slrwaks 25 374
[in=alt subroumded to cull e [ i Sanil, gravel, dand clay  ®0 160 Clay dnd wam), broken i au2
sngular. 10% nuarty Gravai, cenenfed / 18 Clay L 165 Send end gravei 1) an?
and Shert.  20-30% Sand, cudrve, and Sand ond gravel 4 170 Tlay, sandy n 147
thips, W0 491 cabhies i b Clay 5 17y Sand and gravat ] o
Sand, cgarse, FOI, cley, Rapd, loose 9 a5 Sand, gravel, and thin Clay, hard streas 5 1y
WL, and araval, UL, Gravel, tignt 5 an Streaks of clay 7z Sani and ¢lay streaks R A1k
0L baselt, well Gravel, looss 1 a5 Clay 3 Ulay, siregk of sa0c 1¢ 432
reundul Lo argular. Saml, tLight. IS 53 Sawl apd gravel i5 Sand, gravel, clay strosk 6 438
104 kruwn vlay with Cubbles, cemented 4 57 Clay .3 Uiay, streak uf wand h dk3
no lumps.  20-30% Elay, yrdvel, very stk & [ Sand and gravel 0 snna, gravel, end clay.
chips, o0 453 lekhles, temonted 7 1) Clay 4 Lirakan 23 K
As abgve, clay more Gravel, loose; tight “and and yravel ? Sard, gravel, streek of
sandy . 23 Ata shreans 10 75 Clay 2 clay ¥ FL
sand, ryabie, 4%, Sapd. fight 7 a5 sand and gravel I Slay. sandy 1 527
sandy olay, 10%. Clay, hard 1 w0 Clay 4 Sand, gravel, straak of
gravel, SO, Brown Gravel, Inose; tight Sant. gravel, dand thin ulay 12 524
lay, no lumps, S hraak Tud 194 stranks ot clay 33 Clay, Samly 2l L1
Woll rounded to Grdvel. tight, and Granile banidey H 336 sand and lay, braken 21 573
angitar, J0-30% cumbien 13 7 Send, gravel, and rlay 128 164 Sand and yrovel ! 386
chips, kS a0E traval, fim, apd Clay wilh <ome qravel Ulay, sandy an Rif
Sand, nediim to coobles 4K Lk and and h 450 5 and gravel s (Y
roarye, 95%, clay, Clay 3 FER % 51y Chay, candy 33 47
Le, rounded to Gravel, large, luuse 11 B Sand and gravel g BE?
anqular 459 basalt. Clay ard gravel 1 a0 Clay, Sandy ¥ £480
LOY qudarts, chert, Gravel, Toose 113 295 i 3 = Clay and samd, broken Y 700
hDr'nbicnde.( 50% Cley 3 a - slay 1 3 Rl Tl 7
vrown clay (4 i o g A wand and grevel 5 7%
drilling mud} fow 13/20-32daab Ciay, haed ]T gi Clay and sandy =liay 14 737
rhips. r H 164 Topsuil q 3 Clay amd sand 11 52 Gane and qravel L) 741
Samd, coatig, 451, tu Gravel, largy, comenled 9 IH Sand and boulders kK] uh Ciay and sandy clay 1 756
yravel, Sh. o HE travel, comantud 18 30 Clay 2 1y Sand atl gravai il
b:ﬁdll- L:O"-fgiﬂ"tén feavel with tight sand and rock kT o] Clay and Slreak of send A2 LUK
cherl, ele, rounce SLreaks &6 ok Sand, coarse snd fi 4 .
to spgular,  Feu lay 1€ 17 feanite, sl e 132 igﬁ 15/30- dvdoab
'cnu:s. . [ Az Gravel, loosa P23 Topanil i |
PR 4 L B o P
SEVN . . u,
A< ahave, AU clay. H LEF] fravel, Tonce e nd, hardpan at & feut 12 12 flay, nandy . ":1
Ao i - e Llay 1 Fand . conEe c Sand, coaran 1 i
s above, 3% clap, & 126 Gravel, Touse 162 ;."1"' v onabse W 62 Sandd, elay, and fiem
Saned, mediun (o Loarse - o . Clay and qrave] ] 53 M . . .
i Tey Gravel, vomentud | 183 e M decempased grdnile H ]
6U%, and gravel, 204, ColbTes 19 07 Sley amd sand 12 80 uand . wediad i T
with #i¥ brown clay. B 11 . t sravel 2nd sand 1 gg  Sand, wedian 23 -
. bl 4 ; Liay 3 205 e e s . 3 Samt, Firm decorpeied
A agove, b5 clay. A 437 Brawed X s lay end sand 13 02 g
. o e ravel, logse 4 214 . ot - grantte 13 tig
A4 ahove, B0 lay, 24 156 . i : Clay and grevel L5 118 sl
K ’ Clay 3 7 . 1 . : Saml, medium 2 Ft
A4 ahowve, bt with 40% . : - and and zlay 20 163 + I
R granite, tight, . - - a : Sand, Firm decomposed
wpern clay. R deconpused [ER ('::H'a;gf:ia:m aand &1 granita W
w51 182 . e San 3 »2 ! - ) b4
Rani, :-‘;lerliwlw tu coare, 1 E’?:d J,}; g?:}, Sand, hard, comentpd 3 230 ?d"‘iﬂ mediun B0 Rudrse EL?] 132,
5%, end gravel, 0%, {_‘.m:-l 5 ,-,-}; Sand ang gravel, nemontod, ;'::;g“u;;":]” =
with 8¢ brown clay, A L90 Ay i and clay k)] i . o
Ax abeva, 0T £1ay. ¥ : qgg Sley 4 301 :_}'and and vidy, cenpted 27 alternating zvers 166 375
A4 above, 507 clay, : 06 el Sanastone with eocks, . "
Ad above, AON r.In;, : 5llg 13/18-13beg crmentad z1 I Hi) 1o 21« 32dde
A5 abava, 70-ED clay, y Lo Luam, dark, sandy 14 i) Sandstone, coented fopsuil (51 /ty and
Clay, 20%, B0F canves Sand, yellow 11 25 strezks of oebbles aF 36 Lantly) . 12 1
cond, Z0F gravel, ljardnun a 28 Granite, arooipozed 3 33 Sand, =il1l, Wartar at
14Ehnlngy IMchingea. g (353 Sand, gravel, yalleos Bazalt afreaks in 14 feel, came up to
Clay, brown, $0%. Dark ek 7 2 dgcompnsec orani te 3 135 10 Meet a h
Hray tiay, 10%. 37 65a Hranite, deconpdisd K| &5 Granite, deqnpoied and i, gravel o 1 1nch 4 24
Az akove with no gray Zand, qravel, and muck, clay sireaks % 439 omz wiity very
clay and some Learss X waler L3 50 Quartz and imbeddst 1 40
anid, E] [N Grasite, decompased s &5 quartrite 1n 510 b A6
Clay, Lrtmn, 30%, coarse Sand, gyavel, and mack, uartz angd granile ] Sl% ity rusl eolar 23 3]
samd, 10§, ik 4R3 nard b 7 Gand, cibt; sone small
Ay abipve, 5% noarse send A 23] Gravel, lsrys, waTer a 7l yrdavel; rust caler 36 s
Clay, brome, 80, ¢Oarve Comanted k] ar . Sand, ciit: sooe small
sand, 20%. 33 L2 tiranite, decompoied 10 E il ] 2 yravel and zlay; rust
Ax abuve, Z0f coarse Boulders [ ] o 24 cutu 13 1248
sand and gravel . M 03l uand, dark, nard 3 01 2L, Flack, hard i 23 14y, biuw, sandy 10 140
Ay abive, 18% Goarse Granile, decomponed 3 108 Clay, sewl, and gravel 14 Ly Fand, some elay, brosn & 146
sond aod gravel, 13 650 Granite, gravel, and Clay, streak of dravel i2 A3 Gy, sandy 4 150
) o sand 13 120 r‘”"‘ﬂ'i send, énd streak 4 - Sand, some clay, Lrown 24 M
13/18-¢ Hock, haril, salid, ot clay < Sand, seme cley, uravel 7 15t
R Zebh . Snary 124 Sared And gravel & g Clay, sandy ¥l m 196
Aliwzjury granitic . i RKock, dark, hard 14 Cley, streas of sand amd Satdl, ame cisy 13 205
corpusitiun 1,268 1,268 tana dnd qrayel, hard 190 arevel 6 |=u§ Clay, sany 13 227
13750 Tua iravel and semsd, hard 134 ‘{ﬂﬂd amd gravel 2 e Granile, vatten H 243
13/20-Tdad tranite and yravel 144 Ulay, sbreak of sand and Granile, hard, solid [ 247
Tupsnil A ] Ciay Tail gravel 1% w7
Gravel, voirss I 10 Sand, grevel, weler : 183 sand snd yravel 4 130 16/21-i7acd
rd and gravel y 1 Clay, yellow 3 LHL Clay, s:trenk of sand and lanso i . .
Clay, nlue a 2 Rand, gravel, water 15 i _gravel ? W7 e seconatad ? *
sand and grave’ ¢ 2 fock, dark, nerd 4 204 Sand, yravel, amd chay, dravel, deionnosa : L
] : : : ] brok, 5z 1E9 franite, wat, 55 6l
sand, and gravel 12 3 Clay. yellow, and . ol ) N | €
nd, cparse, and gravel I3 44 pana [ elurs [ 10 Clay 10 199 Gravel, comnnted ) -In': 7:
Elay. Lroun q : o Samt and gravel 19 b Sand, gr‘.:we!. and ¢lay ) Er-‘l\;el and -rEC \w_tf:-l‘ I‘li ]IO:
Fand and gravei 72 7 Granile boslders, ! wireak B 07 Ed_'““ ?‘Wﬂ‘qlﬂn: é W Ley . 133
Gobbles 5 75 dec it ed 7 227 Clay, sLreak ot sand and ravel, comento "
Sand, medium iE ! Sand, yravel. and gravel 13 220 Rand anc gravel, waley 4 "M
Sand and aravel dl-'- nouteers N P sand, gravel, apd <lay Eravel and small Tedge:,
‘ : : ‘ strank 0 230 Water 4z TES
nd, clay, and totbles 4% sand, sravel, aml . ¢ i o 1 3 148
Sand and gravel I houlders miked with Fapd, gravel, and <iay, :Jay. blue "
band and £ layv P alay 1z EET Lroken 15 245 fraval, wator 11 197
teshles and clay Ta Sand and Jravel 13 e Clay, skreak of send and Emann. druoaposud 17 g),fl
tlay. sandy ’ LE Gravel and houlders 0 213 graved . ? A5 Gravel, water 42 2%:.
flay, sandy, aac gravel AN aravel, and ssnd, gravel., and clay, B Granite. hlue
Samdt amd gravel 5 [ 12 235 | bruken 45 o7
Sawd, yrasel, and glay 15 423 Sand, maler I3 23 f'-h‘)" whruak 4)? sand i in?
Clay H ep7 Granile yravel, sand, gravel, amt clay,
Saned, gravel, and oliy decompilslml 4 95 f'!:;ﬂ";:\n hard o (reiks 31 %13?
ks . | ; ) . « To ard Slres K
stroaks " 141 Rock, har oz Sand [H pre]
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ThiTk= Thick- Thiek- TRFRT
Material ness Leoth Ma Lerial nRS T Neplh Material neLg Uepth Material nES S Leoth
(feet] (feot) (tapt)  (Fret) {feet) (reet} {reet) ifeotd
15/32-15d--Continaed 16/ 32=14d==tonCinLAG 18/ 32-19d--Conzinued
and I & Saredy @ very tine- Sand, Aray-green-lighi- sanal, gravelly, oltve-
Clay ¥ 8 L0 yEry Cparaa- brown; 5- 1005 very yreen; BST very tre-
Clny, streaky of sand 10 35 Grained sand pra- fine- fo Very narse- Ly very codrsc-
“ard, thin s!reaks of dominantly ub- gratned sand, predor- grained sana, b ming
clay 55 £l roundrd; F5% non- nantly very [Mne- to Ou-und sana at 505 fesl;
Clay, blue, stroaks of quartzone: 10% mediumegrafned feoe i vonquartenie;
Fine yravel 14 100 subrathmled Lo 210 ko Fi5 Teel; 30-40% sHghtiy plastivy 159
Gravel, looze, and allipsaidai ronquartzosy; T¥ sily; graval and yogk fray-
vobhlestores 24 124 gravel: povsibly fow gravels: wivro- menta, safe cemeni
Cley, trown, straaks 3 beAGH OF fedr- fosails present ot 210 presant an latyer
il wand f 132 share depnsil of by 220 and 234 to g4 fragrents g FIES
Gravel and sand, thin Lake Lahuntdn n 45 Teel kR 24z Sand, olive-green-beawn;
streaks of zandy sand, 100% verv fincs e, gravelly, sray- g HINE very Tige- to
ciay ) 1na 2l tar ined iwn-gradned green-prown; Bh very coxrsa-grafnel sand,
Sana and T1ie gravel, vatd, predominantly finn- to unry coarse- predominantly very finn-
some iy [} Ellg fine-grainoed, arained =andi 30F nan- ta medivn-graines;
Sand amd Tipe gravel 14 4RO qetTing Rearser- quartzase: 13¥ grave) 3 £45 20-25% nungudrtzosg;
Eand apd gravel, thin aratned Loward the Sand, sray-green-brown; s1igntly to nodrrately
sireiaky of sanay nothom of Lhe 95% very fine- to plastic 1 B
clay 100 L1 infervil; up tu cnarse-grained send, Ry ehove, but plastic Lo
firavel =nd cobbla- 757 nuNGUArtzane; praduminantly fine. very plasticg still
StoRes, streaks e yravels 2q 105 tu med jum-qrained recominantly & vand
of qray clay 20 e} Sand, GO-85K wnry i5-20% nenqguarIzosd; lithnlngy ] 535
fins- to yery 54 graval: micra- Zard, gray-brown; $e
Ib/23-5hd vodarsargrained fonsils prasent, 15 260 45% very fine- to
sand, Fine 4 4 sand, pradominantly sand, gray-gresn-brown: men,liu-!--urainc:l sand,
Eand and clay 14 18 sLhangl Toupte 5% Wery tu becoming coarnar-
= sandy 2 2 SLE GG L cone | caarse-gratoed samd, yreined toward the
Zanl ?inc 3 64 S5.10% il1l, incrcass= [f{‘rdflnlirldrlﬂ_\f Ry buttom, precominantly
Gruv::l cuarae "G o ng Lowird the Fine- Lo l[lcdmm- subanquiary 20-Z5% nun-
Gr'uvzﬂ' :oarga aning hatton; 5% sub- grained; 15-2687 none quartzosel 5% 311t up
intclc'lav i - ” dngrier gravel; uartzoses B2 osile; 0 b% gravel P& LE0
Llay, yollow 1 " alluvium 1 1% Few qravels, viry Land, glhyful‘?un—brown;
E'in'y' y@iiw " ixed 8y ébove, but more Liightly plastic, 1008 very Tine- to
Wt é'r‘u\nﬂ, i 1 120 rouaded sind and may he AppaTEnd very cparst-grainnd
tlay. Jard, ixed wita grevel; possibly cohesTon; micro- sdrtd, predoninantly
u ‘\'el ¥ " - 132 weach ar aedr-saore Tosslis pressnt st ) . YTy fines to Recium-
H'y yulluw, very - defnsiy of Lake ZRE-200 I'rgl ) i) yrained, soroning
T1aYy, v e 0 Lakonzan 5 10 sand, gray-1ighl-brown; vodrser-grained taward
Clay, very hard, miced Sand, olive gresn- 0% wery fine- Lo Lhe bottom of intoreal:
P-‘“ih gravel * § 5 156 hrawn, 100% very very guarse-grained 16-20% nonguartzase: nom-
av and yrevel ‘; 162 f1na- to very sand, ;_‘rcemmm:ntly vlastic to slightly
Clny and broren rack 7 .[03 corrsg-grained dery Fine- to aodiuns plastic: up to b3 angular
Roik, broken “and r'-ll-'ly s::n::i, predotinantly grdincd; 149% nonguartz- to subrounded giavel
malapat oy 15 pedfun- ko caarse- usa; I <11t alightly toward the patton of the N
Lava a 255 grained and sub- te mderately plastics interval 3 bt
Lava with Liown sandy raurded: 25-30% Aicrufusyils at 00« . Sord, yravetly, greye
clay s ™ w53 nonquariziGe; water 05 Tuet o 418 yresn-brown G05 very
Lava, very hard 7 EDO encountered 4t (78 Ay dbuve, but up ta 20T finoe to very coarie-
anu: hard 1 A tert and subsequently nunquartzose, 575\511?.'. greinnd =and, hacoring
Lava and biown satdy rose ta 11 feot nonplagtic e ziightly 0% at bl fert; F5%
clay " 11y 120-140: o1 4114, plastiz; seng qrava) i noAqUArtTose, DeCEming
slightly tn moderately ang rock Tragments 35 350 P5-50% at 63 Teel,
Wor, Mlucw wid athers, plastic, possibly As apove, bul 1008 zand, 15% yrave] bocoming
p- 108) cantaninated hy micrufossils present 10 360 L0 gravel at 63 leet,
sand, lighl-brown, artl 1oy md; mizra- sand, gray-yreen-brown; soma of aravels are
with vume green; 105311y from 130140 WG-100% very fine- to ellipseidal; prrsfhle
100% very fine- tael 0 140 wary cudrso-greined prach or pear-wiure
1o Tine-grained sand, Tight-brown; 25 saml, predominantly deponit ot ake
sanmd, with necium very Tinge 0 medion- wvery Fine- to mediom- Lahuntan 15 oy
yrainy, oredomt- yrained; percanl grained from 320 to Ax above, but 15-20% uon-
nantiy subrounced; B 345 fept; 0% ronquart?- quartzose, 1hE gravel” 3 665
non=irastad grijny 14 14 A } 45 pe, ppooming Ph-A0E 2% Sand, gray-rresnsbrown,
Ay dbown, bui pre- Sandy gravally. qray- AGD farty nonplastic a5-100% very fine- tn
domizantly fine- yreen-brown; HG-B5Y Lo slightly plastic: VEFY (0grse-grained
Lo el fur-grained very tine- Lo very up to &% gravel From <and, predominantly
sands up to AL coarag-grained wend, 843 Teels micrefossile very fines te medfum-
0l wand fraink angular Lo subrounded, present, al 445 Lu 450 gFained towdrd the
TenudrtIDan, A0% nenyuartIose; Up teul ik 453 bution of intorealy
includiny olivine, to 5% silL; 1uelns Sand, yravelly, browns 15-20% nonquartrasa:
bijotite mica, horo- apqular to zubroundaed A emr-gray; SU-052 wlightly to mxderately
tlende, fine-gratned gravel 12 164 very Tine- to very giastic; up to 5¥
acid und hasir Sy Yray-nrocn-hrowns (oarse-grained sand, gravel 1% L]
veleanies, circon 1 25 Su-100% very tine- Lo predumi nantly medium- Gand, gravelly, Lrown-
sand, 90-95¢ very fine- vory coarge-grained to very coarse-grained;’ gray; B5-90< very fine-
to very coarse-qratned sand, Le{owiny very LU-ANT mongun L0Se; L3 yery coarsp-grained
vand, prosominantiy tie- Lo pediume 16-20% gravel and rock sand; 20-2 nof-
Tine- to medinm- arained and anqular fraguenls, prevels qudartzonn; moderately
nrained; up ta 30K i subrvunded at inerease in size and plastic from 695 tn
nonguartrase! slightly 165 fect ANk hscope myre subruunded us faet; 10-15%
vlastic at A5-A0 feely ronquartzoza; 5h Lo =} ipspidalashaped gravel 25 108
5-10% gravel . tncluding 3110 from 16b ro 165 at. 465 feel, some snow Sand, brown-qray. 90-
some with ellfpeoiddl Teet;-sligntty plastic a caleareous znd 5101- T very tine- 1o
shape; potaibiy 4 fram 1700 ta 183 Teel, couus opment Adhering ¥ary anarse-yrainad
hoach or near-shore pussibly centamiraled; ' tu thotr suPTace; <ofe sand, angular to
drposit of L LD ograval fros 10«16 shiantly to mderately subrounded; 15-25%
Lahnntan " 0 sliuvinn 0 180 pleatic ¢lay lunpy namQIErt zosei up to
sand, 100% very fine= o Sand, |1ght-gray-brown; present Al 470 Lo 483; S0 11 nonplastic
micti n-gFained sand, 5. 1% wury fino- to poss iy o cenented ta sifghtly plastic;
predociicantly subs nedium-gra ined sand; hoach gr pedr-shure 5% gravel [ 780
voumed, less than O Anrguart use deppsit of Lake Sand, eraveliy, gray-
103 somiuart sose; increaciny te A ar it 40 405 lwown; BOL very fine-
some gravel Luward T4l teet; up Lo B Sand, gray-gredn-kiown; 1 yery coarses
Lalten; micrarasstls AT n 200 Fh-100% very Tine- to grained yand; 40407
pressnt at 4i-4% Zand., gray-ligat-Brown; Vury pudrsc-grained nenguartzese; shightly
Tust i I 45F wery fing- ko sapd, predotinantly piastic to pla
Ay abuve, bui 11gnt- very coarsp-griaipad very fino- to medium- decreasing iR plasticity
greer-brown; J0-40F vand, angular Ln yrained; [5% non- abowve and belun Lhe 780
rEngUATzosR H oh subraundrd; 0% pun- i alightly ta /AR font inlerval 30 FHI
By abuve, Bt sob- quartzese; 58 vilt; plastic 5 uin
gngulac fo subronmfed; rock tragments, subs
% nonquarLzase 10 IS rounged 1o ellipyoids]
gravel Trom 2h=-#10, 10 )
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Thick- Thick- Thick- Thicks
MeLar1al nexy Depth Malerial nesy Repth Maturial ness Beplh Material nR5s Deplh
(feet)  {fwst} {fopt) (fewt) [fret) (fewi) {(tent)  (fuel}
16732 Pade 16/ 32-25agc- -Cantinued 16/ 37-FMa0casContinued L2313 (Mo fbon, R. 2., 1064 148)
Sdrd, 05-100% very Sand, 85-90% very tine- Clayey sand-siz2ed ’_"H”" Farmatien:
fing- to yery coarse- o YRRy Cusrse- particles, grays Sartann 2 0
grained sand; up to arained, enqular Lu vary fine- o very a mrt‘gmkr"""a_‘tf"‘m": 2% s
51 2171%; some subeundra; B-10% coarse-5ized Lley. sticky, yeli
qravel and rock 211, Leted graval angular to suli- N Hyemaha Farmatian:
fragments; subaerial and rock fragments angular, o5 silt- fand and qravel %
n’nzmmcnts” Ak 15 15 of hoth acid and sired particles; El‘?{"lh]U“ ;g ]?E
sand, gravelly, Lazic lqneous plastics slightly Sruve b
vary fines tu very 0rigfn; rany dark, calcareous; Guvho, Black, gas - ‘a
toarsf-grained sandi heavy minarals 25 A0 probably a clay »howing 15 130
lese than G 5ill; Claysy sand, H5-90% straak in Gunibir, hlack &4 154
10-15% graval, sub- very (ine- Lo very wealhmred hedrock H 447 E«;‘N-e\ntwn uncertain: -
roundad and ellip- cperse-grained sand; Send-3ized particles, . é"'ﬂc(-)d d 54 50
suldai-shaped; up tu 5% si1t3 very flae- to o and $An o
possibie Lakn shightly plastiu to vary tuarse-3128d, _S,‘"'g hard Eg gg;
Lahontan heach plastici up o S ] anqular Lo sub- SRald, suit. aray 10 48
or pear-shore ) . _gravel 16 PLE anquiar; £-10% &ilL- ‘ "dc‘{?" -0 TR 0 a6
_ depuzit 15 30 Hand, mamc as sbove, Ti7ee particless Jand, fine n b
Sand, green-gray- becoming =lightly mogerately plastic g“"‘- voarie A w7
hrown; 95=100% vecy plastic ta mnders townrd the bottum ‘c‘)"“p" nard, sandy ._!|46J, a3l
Finge tu medjui- ately plastic at ot the intorval iz 41 and, n.?rd .
gratned sand, a 270 teat 14 296 . sand, fine u 141
rr:wdc.c_s:rﬁcr; ruin;, Silty 5::_111. H?-Q(ﬂ 17/22-33cche ?::5::267\6 T ;‘:é
pradonirant Ty sub- vary Tinu- o very e § . -
rounded, #!1ipsoidal; CoarsE-yrainud Samd and pea graval il 1a tand, fine 7 451
very caleareol sand, sngular Lo EHY' yréy R &7 145 sand, hard 10 a3
beach ar near-shore subrounded; 10-15% sard, white, Tine 14 160 Shate, ratten (smelling?],
depusit of Lake <ilt; hi gravei Llay, grey 2 20 blacky turns gray on
Lahantan 15 45 and rack Tragments, Clay, sandy 20 22l wipnsure to o i 10 a7k
A% ahove, but brows anguiar o sibs :"3"‘ gravel &0 "‘"E-‘ Sand, fiue ? 480
agatn; mara coarse- rounded, inciuding Llay, hlua-gray 18 7Hy Sand, very hard; sl
grafned; somg much basivc jgnedus ,Ec" grével 13 0 cravives “"n"th“‘k
sogylay rack frag- mteridi; sample (‘;k!'-!'w. . o n . hard “shells i is
menty; noncalcaraous broomes slightly iraved, fine 3 3 Saad, fine Iz e
to siightly cal- to moderately Clay, gray 4 357 hale, zandy, gray i a1
Carmous 25 70 plastic and color Clay, sandy e 178 sand, nard, igow shale 17 24
Sand, BEE yery tine- hecomes mare Pra gravel, line T4 359 A, groy i 83
to very COATARA- yallowsbrown ¢t Clay, alue-qray 3 ail ale, sandy, §3a .
garined sand; lass 295 foot 20 3o Llay, red, samly i8 440 shawing at 545 Tt id bih
than 5% silLi up Llayey, 511ty, sand- snnd, dark.red, Tine 12 452 nale, 4ray; cravice 9 555
to 5% gravel apd <ized particles, Clay, hlugegray 28 450 and streaks 0 iy
rock fraguenis: yul lgmobrown; HhE £and, crarsc 74 404 Shale, sandy H u70
subaerial zedi- very fise- 1o Fipe- Cloy, gray. sandy 16 5 Shale, rard i3 La3
wents n 80 grainel sand-gired Pea grave] o 549 Clay, tougn, biuw 8 Al
Sand and sand-sized particles, some amd, [ine: streaks of Sani ,6 5'??
particles, 90954 coarser materials, . grave] il B0 haie, hard 2 b1d
vary tince to very angular to sub- sand, Bleck 44 633 Clay, tough. blue & hrd
coarsa-grained roundnd, prodomin- . sand, herd 1 s
sand-nd zed antly angular; up 17/23«10ba2 Clay, touh, blue b a4z
particles angular o 1hi 511t yr Topsedl q 4 t";laz fard ; Zgg ’
to ;:.;:rgu_rll:r‘d. up §11It-stzet} Fﬂzt; Sand, hrown, hard-peck 50 b4 :‘::'h; v::ﬁ;::rd 0.7 R4
a 2§ icles; moderately Sapd, GoArse, and il K ;
partfcie plastic to plastics ) qr’ﬁ'vu'| ® an a8 E"‘y sng ‘ﬂalﬁ “."J S;?
[ur:k Fl‘-\'l\_']“j'_nfﬁ up annarently a ) Sand, s0ft, and grawvel 4l 139 '{;g?p“—a;d; : 12 684
d?s:g%el Iam:]e weﬂ‘fcheréd hedrock Gravel, cemenled h 1o Shale. Em‘y 7 541
V5 surtace was on- traval, hard-pack 13 228 . ra 12
::cum;shgén;‘:um ;nu:tar?:nxt k1] Sand, soft, and gravel ks ane ;::Lulc:::g{ 1 ;2&
Orar #at., with some . i h o
of Interval: at alluvial material 17/23-10bgd shale, sandy & 712
80 tu 101 Teel & present (possibly S %hate, blue 45 721
boulder field wis 43 contemination Gravel ol au Rand, Coarse, Water sl . -
ancountared 71 1 from sbove}; much Grayel and zand 12 hed 725 ft H 5
Samd, 20-9N% very limonite stainimng; Sand; clay, il boulders 2b 65 fand, hard 4 730
finu- tn very Biotite prosent in Gravel; water - IRe 234 shale, hard 9 738
coarsu-grained larger amounts than Frdrock #A e thale, yriy, and Zand 2 kL]
sand, predom : Sand, hars) 7 785
- yrevinusly; brcomes - N2 .
inan{ly very Tuss p'la':¥1: taward 11473 14dd ,S,h“]“ with sand streaks B 763
fine- to medium- Lottam at interval 45 355 Clay, sandy L] 5 ‘;ha}c A 2 -:.-:.S
fraineds up 2o Stmilar to save Ay, zandy. end grovel 1% 2 snale, sy oI
silts nleryal, hut anly Zand and qrave ] " e
gravel, with s1ightly weabhered sand, gravel, and clay 7 3 o hard H
5”99"::‘-10"5 of Dt‘-‘d_;ot:k‘, o Mke- Clay, sandy. and gravei 26 6H ;RL:' ,:;.‘ g an4
FERarEing by shift cure barrel Sarel, yraval, and clay . nan e
o = 0 = fand, coarse, hard 10 B14
waves; many breugnt up e d-inch in streaks 156 &3 M7 €8 ' 21
bassc rock Fra?- core of acidle, Clay, samly, and gravel 70 153 E'}"L}E‘ sandy ? :'j;;
menlsy trace o coarsestextured Sand, fine 2 158 anele i
- - ? z RiID
water epcountarcd 1gneous material; Clay, sandy 20 175 hale, hara l P
at 101 reet, but . eore has Timonile Sand, clay, and frace 5?""" ij:;:gm 1'3 ;;i“’,
pussibly was drill- and clay stredks; of smouth gravel g 180 : “yj’ ” o 0 shll
12q gét;y;% & 107 fuldspars are all Clay, sandy, aml gravel 33 213 ;:illé l:J»IFxgh aray 4 0y
Sand, 90-95% very plaginclases; sand streak, fine 7 215 il L ' -
Ttna- to - waler wis enco Clay, sanay, and yravel 4 21y 5“1;5 Lg:{gl:érnrny. with w0
cnarsA-grain tored ab 361 lael; Sand streear, fine 2 21 5 HLreaks
sand, predominantly beluw Lhe yround Cluy, Sandy 4 RS shale, tough, gray 8
< b - " 5 12
very Tine- to and subsequent 1y Sard sLpeak o Ere sand, fine
medium-grained, rose to 329 fual: Clay, sandy, and qrovel 11 735 z'mg' :::::' '3':: Eli){’_ ;:,{]
not all quartzose; 3 possinte frac- Sand wlreak [ Z83 il
5% si':t'. :F to b turadlzgnc uccur;. Clay, sendy, apd gravel «1 235 :;':.:g N:::d;mm ttreaks 123
gravel and some at 36l feet as the Clay, sone gravel 5 azn haln 1
rock [ragments; driliing tool wgi Clay, swme Lrace ot sand 7 327 :::;p hard 3i
LOCOMES LOATLEY caught, thara; difs Clay, white, or iy P
towsrd the hattom ferences 1n per- hertoni te 4 135 Hhale 1
of the inlerval 33 110 cuntzge ot fine Clay, sandy, sohe ard. hard 1"1
sand, Gue80% very tu £darse rrag- gravel n 5 fale ;
finpx to medium- men i WAy he due Rentonite 15 60 :1'19.':!, hard i
gretned sand, tu diflerences Clay, sandy 25 gk Jhale
=oAe Coarier n degree of bard- Clay and some gravel ] 390 ,?""SI“ }1?:‘?& i;
grains; 10-15% noyy 0f hedroch 2 378 Clay, sangy, and suie chale, sandy 2
STIEY some gravels sand-gized parlinles, yraye | 25 416 ' .":::' ;al‘d 3
and rack fragments; % very fine- Lo Clay, sandy 45 4R0 =ands : -
mmre rock trag- VAry coarse-grained Ssntd and CTay shraaks g <55 .:najlc(‘rugdy 45{ ’
rtr::rtlts tn:a;‘g the :and-sucd]pdrtl- Clay, sarndy, and Jravel 10 475 ‘Ialiﬂ; “:\:rf ]
ot tam ot the cles, anqular tu Clay 120 55 - Bo 22T X
interval [ 205 sutangular; w;m:d'lf Clay darl sonie gravel 21 ] ‘3h31'i‘l']|1‘1;:" sdnidy, S low
carenls! sample Clay, soft M 20 . o o
cluan and trosk, Clay, sandy ] €50 ;}u}c. hdI“?t e of :
becoming slightty Clay, sangy, traue of snale anl streaks o
Ly mgduerately arave) il Ty hard sand j
plaslin toward Clay, sandy Hil ki Shale, sandy 3
hottom of intevval T 415 Clay, hard 37 [FH shale, wandy. dray ﬂu



Table 40, --Setrzrgd well Teys--Continued
Thick= " Think- " Thick~ ThICE-
Material sy veoth Malurial IEEY Depin Materlal neLs Lenth Material e booeh
[feez]  (teat) {teel)  [Fowt) tfect)  {teet) {lewl) oot
17/ 75- 1 Rlif - -Jont i nues 12/ 29~ 1Ebd--Cant tred 18/ P8-S bag--Cont iaued 18/ 29 basa--Lent fiued
ale 16 1,266 Niik.--N, F, dewelt, uf <he .5, Sand, Fine grained, Sand, hrown, peorly
Limestone shale, hari .5 '\,2%, Hnnlog =\'l Survey, ¥inited this welj s,ubdnuuwr 5 365 sorted Mine Lo oomdrse,
Shale, sandy 9.5 1,276 in May 1922, when it was 7, B45 Tewl Ciny, gray, hard g J50 Hrtle rounded
Lirestone snale, havd 1 a...?? depqi,  He reported {U.%. Geal, Rurvey Clay, ngray, sandy, hazalt yrieel, grass
Thale, blue, with open-file report, 1U74): water jevei trace of lime 75 5 rants, 1iutie olay,
I ireslune streaks 11 stond 300 Fect helow surtice Clay, qray, trace oT ingse 12 162
Sand 2 Blhb led yp Trum outsida t sand £ A2 Sand, brown, poorly
Limeytone shaie 2 amed was under s U1QRL pressure in Clay, gqray, move a0 &40 surted, round to Sub-
Shaile, blun 16 Cayimg cuttings wers "Taryely greon. Cley. gray, shicky. enyular, lanse 1 IET]
Ahate, Elum, and 1iey ish shaly clay, probably derived from trach at zand 27 ans Sand, brown, poorly
vhale brds 51 Finely divided water 1aid Luff, wnd Clay, qray with sub- sorted, subanoular,
Zhale, biue 4 nu voleanic flow or byregsis material sngular tiae sand 60 his loose, gresn and gray
Sand, liard 2 Wit Fecognized.  Cuttings contained Clay, qray with trace lay 35 g2z
Rack 1 minute shalls, witfch in Field wera ot sand 20 537 Sand, cavk hrown,
“Qudrt: g vonsidered to e gastropeds and hi- Clay, gray, sticky kL) E76 moorly aeried line tu
Cunglomerate(?}, very valves.  Speciment wers submitted tn Sard, fine, freo 5 501 coarsa, roalind Lo sub-
had . 3 thr: Matinnal Mysewn, but tho anly Clay, qray with trace angulary yuarty and
Corglomerate(?), extra 15 foiind wers simple ostracads uf fine to cearse Eazall grains, less
hard 4 1,381 erad ta Ly derived from trash sand 55 (A1 clay than abuve, joese
Congiomerate(?) water lertfary rocks.” R. W, Richards  Zand apd gravel, sub- andl R 2i2
exlrenely hard 1 1,302 {u.5, Geol,  Survey open-tile report, angilar, trage wl Clay and sand, poerly
"Line," blur, with thin 1742) wenlivned trat varing. §luems gray lay b A4 surted vilt to fing
vhale strraks: very 1n Lhe Churchill Colnly sayle botween Faml and dark qray clay, =and, clay g
hard; g2s snowing & 1,441 June 10, 1922, apd Dotobar 1993 stated Tine to medivm sube ’ﬂdck and ¢
thaln, sort, biue B4 that the well reacned 3,036 feel wilh anyular sang 19 €1 supengular 24y
Shalp, hard 4 1,450 rotary equipment, then was desjered fand, megium tn rearse band, poorly sorted Lo
Shalrn, btus 71,457 cither 6 or ppssibly 2bd frat by grained dand gray clay, riedium gratn, sub-
Shala, hord 3 LAED cable-tnol, Lelwcen Septembar 1927 traca nt qravel, ) angulay, 1Ee yraeen
Shale, blug 3 1,483 and Octaber 1933, In dune 1922, tight *armaticn 1 Ll clayy forwitivn tignt 14 HY
fand 71,4 Bh-inch caning wis net at 2,400 teets Clay, dy gray i3 Eal tard wnd clay, send
Gnaler, hard 4 r Tater this casving was puiled and 4-inch Elav. dark hkilue 3 im puurly soried, suo-
Shale and sand, serong cAnirg Was v Lo 3,030 feet and 3-inch Clay, grav, sott b4 U3 angular; clay graen
qan showing I.42582 £n SH teety 7O feet of hard <apsdsions Basalt qrhvnl and and ble formation
haie 4 |.486 with "ofl amd gaz showing” 15 repurted valeanie dust weil tigh%, arass roats 19 27T
Shale ad Sand WR1L,5 Below about 28745 teet, and balew 3,028 Ctien Led ' 4 Sand, brown, rovrded Ly
Shale, gray M 1,08 teut, very nard sandstone, with drilling Rasa]t yravel and subangular, prorly
ek, BB retes from i to 3 Meel o day, dnd 2 vinders comented with sorked oniliy coerse
Shaie and "ail" sand 1.5 1,5k “sirong 445 show" betwesn 1,147 and quartz sand gr qiass gratas: 1iltle clay
Shale 28 3,16% foot, Richards roported, howsyer, {valcanta tutt); very Gramt, gray dand
Sand, rdrd 1 that €. 1, Wurray, who did most at the Tittla country sampli black; fumnation
Sand ard shale 13 vablestonl r!rﬂlinu. recellented marine <halls, 710 tg Toose an a7
Sand, havd, el chelo ks 1946 thal west pf the nection wes soft A 13 Ty Ranil, poorly surted
fnale 3l shaie, Bazall sand and voleanic fine tu coarnm. %ih-
Shala, ] dust Tousely roribntec; arqular, Mitle olay 01 k]
Zand an 36 13/24«2Ladh wnzll basalz grain tand, brown, pooely
Rark 5 ni i " wize ) 2 714 Anrted fediug to
Shalw 11 Tupsoil by 42 Puselt cinder rack and aoarce, founl Lo sub-
Sand and shale 1z L"I:y Bl TH' i voloanie sand well angular: suve clay,
Zaml, hard 5 ._mg' riney Firvt “ cenantac T T deewn, grdy and tlack;
Shale 25 BAE, TAney L1y " a Gasalt graval and fomaLion juese K ]
e h wWater-bearing zand B i B . P : :
Rarpdt H HFAVE | . o | 4 Al volcanic sand. fomwe A 744 Clay, gray with fine
sand, tard ;1,733 Grave], Golenie RAcait qravel and \lllmnglllnlr wand; fure
4 i Rapnds paclcd 1 un . H e
Sand and shale; crevice, P Y vylednic mana, l 10 307
Tar . . : cd gravel, Clay ? a7 i
a3t firgulation | 75% Ban Graea] - e comentod 3 7 ¥
Bl 5,76 Paa Gravel, sand: ecomd 4 aysl and with fine araines
ale 1, /8 - . Cam 5 Uxsall yravael and 1
Cirale A watcr=bnaving sard 2 L1 . "
Shale. havd, gas Lava fomat an 19z eulvanic send cencnted, sand, grass eonls,
shawing Tootmn pad TamReians PR Tittle gray clay 5z Fow poblila At wilLe
S, chaly, crevice, r-?d w ‘-“,'E' il rock 25 a0 ’ Basalt gravel and samd ruck; formation softy
last eircdlation 131,784 M o e i 5 L with rdy tlay; sireaks ttle mic i 105
hale A ;.m ravel, cemanfe i 1“0 comealed and loese ¢ 251 Ulay, gray asa gréen
Shale, hard, aandy i .99 - GFay samd, line to With fne grafjned
Shale, Tnst eirvulation 4 §,803 177tk H\::l_liulll :ubdnuuhl’ Faungd to Subapgular
Shalo, sttty Bilue 44| HAR Clay ard vuck 10 110 drained, and gray il grass ruets;
tkale, <ticky, yoosy w4 | HED Houlders 1] 120 ¢lay; littio bazslt Tarmalion hard ! 403
avd, figw & 1,865 Clay and rock 3s 174 ruecr, CeTentad 23 776 CH);‘ same 45 ahove |
Zhale, gray I -7 Rock with water 82 87 - witn wery 118t1e sand;
sand. tard PRyt riay 43 300 18/29-baan {f’:‘l"’m"' T'%;"" 1, _ farmation 1s snft 440
Shile, yray 3 1,914 18 220-Ahsr {litngman, D. 5., t¥sy, 4. - A*I v Sund, hrawh, poarly
Sand, hard 5 1.02 TEIER-0028 poys. pL 13) “‘f qray. P“‘?; )2') sorted tine to ped
Shale V71,83 Zamd, codrae, tree, urtrd‘ﬁrl\ﬁ ?&U 12 qraval, anme wlay
Sand and shale 1,970 subangular, quastz L T ; ) - qrean, gray and black.
Shale, nard 4 1.574 aml country sand 17 17 roun ?ﬁ‘lillﬂ e :: * Luwnr 12 teet hias
sand aad whale 21 1,888 Claw, ardy with younded 'I‘:"‘r";r 5 ;’ v RO 17 . rara clay and more
Shale k13 ?‘ Nk qravel 4] 27 ; alt “] IHL‘ . charse sand; some
Saud, kard T i £lay, aray, séme sand [E 4< Jdﬂ:i 'l' "?' "‘U:Z& bawalt greins oE A
Shale ] 3 :‘ BaR Sacd, Lronn, fine to ;‘m'd{.d“‘.lkli ":m,_r; 0 &7 Glay, gray witn poarly
Sand, herd L 7URG med fun yrdined, 'a-m'tL o f;og et sorted sang, grass
Shateo vourdeld to subangular 3 Lid s g nrdy L routs, sone mical
Shale, hrown Clay, blavk and gray, “'H;' ardy 9 7 formstian satt 21 L
Sand, hird Vittie sand ] 7] i earta, are : Clay, ame as obeve
Samd xnd zrale Zand, wedium to coaria, ““’f’ ' ;. el 1 'rl‘:;a with mere Sand, Tiner
S, running Liyht 1] i w:;;d:“d e .Juwt.- gratned, 1iltle brown
Shaln Basall gravel cemanted Tietle r'1 *‘_?w = 28 by clay 144 242
Aarne, hard wilh line sand 4 it cand . dark :#1 "[“ oy 3ard, griy. puuriy
Shale Tamd, fine, Right 16 dr wand, 3 ”"’;‘ is b sorted Tine o snall
%dndi hara, and shale Clay. gray, soft apd qartz i, gravel, (ew grains of
Quicksand sticky, grass rocly B ;e busalt pubblns; mome
Sand and ahalw Sand, Fina gratwed wich pn::‘ly “”‘E'l Fine o 1 o mica and gray olay 1 503
Linc, biue bax dlt graing, Light 0 mn: meatun - ! Cupnted =an? and gravel,
- a0, weddjun Lo coarse
Shale, stizky, hiue Zand, rounded to sub- ”‘il b fres, rosnd=t fqedium sorted
Ramt and snale angolar, meiion Lo mu?;h"?urfna :r,cir"_, vand; tet of pgrous
Shale, sticky, hilue codrse grafhed, free, otl _.i'u:e J',i, . o 107 hasalt gratns, dark
nq.nJ. nard quartz aml vountry ‘%a‘lrull:rith '“2‘3:‘1' ;md e - colory tavraljun hard,
Line, white sand an 142 : 1 _DFECE Eo.;r'.‘ mara 0 and less
Saud hard Gravel, smill, sub= e d;d-h raval e aird mear bottum of .
anadular; brown clay nggrr ‘r‘gﬂ_ ta toermation ¢ 0N
3 1o samly gravel and » im.'hy Rutngu Ay Comen el busald gravel
Shale, nansdndy hirown clay 20 162 ¥ o brom "_]?' e 23 1 with sand aml clay
shata, slivky Clay, gray with <ome Graon] t f-,’,‘* 'iyw = watris I a01
:: ate and saml pea-zized gravel 75 187 b froo., r*nu»m':-d ;r‘." Crvented bavalt gravel,
Jana R Clay, gray 18 197 :u;mr-mulnr “psarly very tes purous
Shale, stivky tlay, hlagk and gray. Art L H.u;rLL cuttings; Sine geadned
sand, Time sticky 37 id b lh’dl‘ﬂ ”:{’1_ tune sand near fop, harder
fhale, hard Clay, gray, sanay n 305 q;);( br:mn ey "y 147 formation 1n adddle;
Shale Sand, fine to medium fwév '? ond vand .4 sama clay pear botiom;
Ranﬂ, hars T4 20N grained, suhanguler; ! (uelrh l'o;*rd'u o very hard i a0
4, fine, gas qray clay il nz LL; inch ;'nur;ri tnpmjl:- Hasalt pea gravel, luose,
1M m Sandy aray r:lay with angular i laL ol reddish broan, Tittle
EINEN R streaks ot gray clay, Dd?“t |;pf-,t,|e-: " a3 170 clay 2 &l
trace of pes-sized - )
gravel [3:1 360 {rontinued)
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Table 40, -dplected well logs--Gontinued

THick- - TRick- ' Thicks PR
Yaterial heiy epth Mertuefal nezy Ceplh Material ness (lepth Material pEis lepth
{feot) [fuwt) a— Hfr:c:JMF(qfeel) (fzes)_ {feet {Peel)__{root)
18/24-5aaa--Lantinurd ‘\asgﬂ1r;a_“}‘ A 19263 aba 19/ 24- 300t i --Cont i nued
Comented basall gravet Sand znd gravet 2 E PR . sandstone, Lenwn ? 46
and boylders, Tittie Llay, red i 3 E?"d' (T”:E E:-':;n, J &t b0 Liay, :af;, mal, and
clay and vand 5 616 Sang 15 a5 T e en 7 a7 a1l 5§ 302
S with move porans Clay 75 120 C'l;' -W;i: with zand N Clay, sandy, soft la arh
yraing, some clay, 7 Grive| in 120 5{;#"{: o 15 ™ Ricks, 2 inches 1 470
orazs roots H b3 Clay 35 185 Lia s hard, with - Clay, hrown, ol 3 &3¢
Inst mid rapidly efier Sand & a7 rand e s pm Sand, Tine 1
6 inchns 1nto clay Eidy 84 285 Sand, hartdy 1arae grain v Cizy, broms, hard; cus-
forwation at 623 feet Sdndstone 70 i Tn.'na'l'llur'c-w;l 217 af f peint for 22-1nen
N - i - 4 5 el o cae ] K
HTECA {klngmuu, D. 5,, t9i4, EMV;E]. sA1f watar i} 360 L1ay, nray, samdy with Lasihg ] 444
ABfP49. 10k s s aark] 0 300 et b " - Painl pt water 4 448
A= ok e 1) Grave ; 86 sdnd seringers 50 270 Waler ntatic 33 Teet a aci "
Sand. fine grained A Cla Sarty w290 aler siatic 8 Teet - : *
'S' ' gt '.":] g a Sand tome i 400 : g‘ grey, dnfy : 96 Bovk, very large, hard
urtach materie H p San & e !
g und, dr. 4 401 ‘1 . 3 Wit
Ty, grean with Sand- ton 17w Llars aray, sondy, and . heev, vary Tovan, hard
:..(Ill:;wl;*sﬂlira:nd 16 75 Gravel 1 &30 C'Ii:ll{wﬂun sandy ;3 i;g and sofl ' 3 a9
c1ae Y = G Clay 9 570 fy0yy bind, maney - 0 satting of 14-1nch water
Y, greRn, nard . Shala, blue 80 ‘a0 Clay, griy, sardy, with columm i 495
i and *ight [1} 33 shale, brown 20 A0 sdand »tringers 5 354 Frd i . inch
€12y, very Cine et oy RN Clavy blue, fandy % A ng of ete. Bigntoine
sroined samly yray, “Shala", hrown 55 gy Rk, vellow g 355 tect 10 505 toet
somn mica and inhala Bl ey sttcky clay, black Ao feel U s o
country qrains of e . blue 0 285 pocky qud {yes) ay 520 This halc is stilt 4o
oy i N ' arge rock, Ru sard,
sa0d 1 10 aalels gy W et ar kgl larg . g
Clav . same with "Ehale", Lrown 175 1080 Basalt. hlack, hard \7 6] silt, or mud beluw
¥ 5 ; 5 Shale, upa 11,06 ey ek, har s 40 iond : 506
Tenses ot hlack clay 9 #1 "Shﬂ:", E‘IT‘Uirl 4(; i']JlJ: Baralt, hinck, oxtrd feet,  Good waler. i
A v .
“::’-15"'"* with more “Lime™, yray 0 1.0 herd e 19/29-30cdlz
A 205 Shagetprgwn ar  Tigen  dameltwith quartz, g
Sana. gray. peerly "Cong lomerata” 15 1ig3: sotie vand, real loose 25 B4 faiinn Formetion:
:-:‘lj':,@d, t1na ;.u CRITON grdy'- “iron" e tard, Juuse, wIth gray 7 furface sntl 5
mi=dfum roubkde e a4 ” . samly Glay (7] sand, fine 7 1z
aimn - ooli 3 11 at ],JN feel 210 1,445 W - : y _
gE o R pEE R aeew RGO
Sn?q. poarly <orted g ‘gray carrigs ' Rand, nard 2 s Wyorahe Formation:
COR ! ' ui E Ay, R
. nl;:ﬁdrl.ﬂ ij.ﬁfé 1t 164 w mrar are |112 :?fjlfl s‘:?;,‘m’y‘ and sandy 740 EL,‘,Q ﬂﬂ" and soft. ! "
lay, black and gray. A pen ! BTaT 0 1aEn Sand streaks with blue clay vy 33
“mm: f;:e ;%ndk [ 171 et Blun 0 1iees clay and sandy clay 73 Bl Clay, hard, blue 1 13
lay, sefE, black, W et S L= Send, [ipe and soft ciay 3 kN
snma fing sand o 177 "Llimi . ;3:? ZE’ ]‘g‘i; "Tule” samd, fine, {with
C]ny, graen, tight ] LY "Lluw-"‘ i Rek QJ '\.BDL'I Topo§T and sand 4 q dark-colored orqanic
Ciay, g'r.zy with nodules .k“mi.: aray 150 1'920 Clay dapd sand 9 13 matter), very had odur 37 &Y
?f. I[}:.n.k cl?-"’,' very “Lime”, bilack 60 1.0%0 and, veerse 4 1 sapd, coarse, and gravel;
iltle sand; sWamp Totai . Clay, biuw, and sand bad-srelling water H 4
odor from lower & of otdi daplh repyrted th b 7.5 in streabs O 3% “Tule" sand, very fine 4 83
fopmating i 3 ar 2,080 Teet fay, hrown, sanly 14 an fand . coarse, dnd gravel;
C.hg.ﬁs:_'a_v and gregn 47 25 32da f”"""“"l':-‘ﬁah F., 1358, tlav black 3 53 "tulet (seeip) Water 8 4l
wili, Ting grained 1u/28: 22det Pe LVS L1ay stroaks, dark, Clay, hrguwn 1 42
satind a9 saa &0 5o “and and gravel 13 200 sand, fige 500
Sand, mul]ul Lo i e, Clay, hlue 9 6% Clay, derk, sandy 50 280 Sand, fiue, and qravel,
31 con Lu;y'ﬁ Fow IE‘:M(} et ZI€ ;2 Clay, blue a0 350 walwy=hiaring ? }I\-I'g
rains of fine g1 siren 3 Gravel, codrse / 357 lay, brown
yravet 6 321 Sand, tpdree 3z 1L Clay .'.t'.rcd.k‘;. wani, Sand, fine 13 173
Ltay, greea, hdra L1 k112 Clay, grey and Brovn 15 120 and gravel 133 450 Clay, hrown M 128
lcil;aly clay, swanp yds 1 a1 Tlay -}rld steeaks of - R Cluy, hiua z 410 Clay, brown, sn H 127
ay, hiue green % FIE] S0 il Z58 Rock . [0rous L5 [A]] "Tuls" {organi
snaly clay [ 419 Gravel, comented o0 H7Y : black, soft 23 150
Clay. yray aml yreen, Nﬂldnmrphubed rock” 4 203 18/ 7% Slchs "Tule" {m‘gnm:) clay,
soms medium grafned Lumpiggeraly, black 1 244 = ‘ Lrawn, sofl, sanay i5 185
sand; gas at 447 Feet Hock, hard 2 Hb '“f"‘m] " 4 1, * 5 Zand., cu"arsc.’arld gravel 2 167
and 435 teat 76 a4y Conglamerate it a0 "'[‘:_r[f" oW, and grave 2 Clay, hard, black 1 170
Clay, gray soft, soum . Sunnlstnng 1 409 Clay, blue W 3 Upil unknown:
cand 38 Ex®] ghy. mhlow 3 12 ,.mﬁ' bTue % bl Clay, Mine-sandy, snd
Clay, gray,-green and Blue sirela” b 40 Ulay sams. iofs 5 bt i 133
blagk, Httle sand 22 555 Sands tune [ ) ,,ﬂ:;' “L‘"‘gl: il o - Clay, suft, Lrown 5
Clay, yray, sandy, %hale 140 £30 F!avIPir;:ki o ¥ sand, fine, clay and mud 17
Tenzes of shaly clay: sSand. tinc 5 £35 Rt e b;‘:' Clay. (igkt, saikly Z
maz al 575 et 14 519 Sandztonn _ 7 ga7 {ind Y £ 0l 182 i1ay, hard, brown ]
Lh}'. sandy, yray. Sande lone, soft, and Clil 0l 10 Funts ? Glyy, gray F
green and brown, _ sand na 7a el et mp Glay, seft, amd md WA
nodules of 1ime, Shafa 4 64 Sand ﬁun"“ A b b Sand &3 155
urass rools 13 £02 Llwe and tine green e . she Frabably basalt et
A Land ] 790 sand, blue, sone Hat*lesnake Kill or
1RZ N ;’.—LCE I:c:r;i:r.;r. R B, 1864, Sand, hard I B2 ”:‘rﬂfv’v clay : [l 113 BL};;JL"E ;5;““')":
1827 o ihela, blus FPT Ay blue, yeliue elag, Busalt, hard, black LY
£
Fallon formation: Sands Lone E il streaks of zand; A 4 4kt
Sand 1 geews Basalt 404 to 4RI Tewt m 123 Lava, puraw : i
- _— Shale, blue; hard o Lavd it 5 light]
Sehon Farmation: ; Dasalt 4 » BRI antly
Clay, yray % A7 , 5§.I'Bdﬁ al bese L#4 L 9‘{8 harger 15 475
R - Lhale, gray 13 0l Y Lava, mormy 40 sls
Cla L‘gﬂ‘iaﬂ Farmation: . 148 Sandstone 3 1035 la/2a-30as |, Lava, very hard & 541
ylL‘Urr‘eHlIur\ Mhertaing dhale, oluc and yreen 15 1040 Tapsoil 5 h
Clay, gray Ny 215 Herd vesiculdar basalt Sand, fime 7 17 19/ 29 Ipaby
Clagt 3 . o P hreccia, comented by Sand and yravel 4 16 e )
]uy, soft, Liack 1Y &0 graenish CaCl: 6 1.075 Clay, sandy 4 20 Clay and samt 1%
Clay, yray 72 357 ) : § AR Clay. blua, and sant 2U
L"Lny: yray, ard fine 19/ 28-p4ae HIOTTi000, RN, 2050, Sa{u:;yﬁnn, and satt 11 23 Sapd, bBlue, fine 4L
sami 1 356 LRI bl 12 § Sanc kL
N . Clay. blun, kard 1 EL} N .
Clay, gray-graen 50 00 Sandd 3 19 §lay : : ¥ Clay, Llue 57
Clay, gray 155 s Clax, sl 1t 3= T"’"’“"Q‘j‘; Fine, wlor - 68 Satil 5
Clay, green 25 40 Clay, hard 4 ki) . \‘3'-‘( ér" g . Clay, hiue 15
Clay, gray 50 3601 tlay, soft # 41 ey ‘-ggp;‘-'&u:"m{::‘l’g . fravel, I1ne 15
Clay, gres-gray 26 85 s3nd 5 4 waeer above T p 79 Ulay, yray 5
Clay, yray, and streaks clay, saady 15 a0 Tul -E o b S3nd and nravel EH
- = apa a 2 o samd, very ting 1 ¥ .
of sand i 062 Clay, hapd, sanay b A2 iay, b a1
. - tand, codarse, and gravel ¢ i3y, brawn
Llay, yray 1 1,086 g'ilrm 1o a8 ule water ; i 7 Gravel, comenlsd 11
flay. gray, and samly dy, sandy i 107 - Clay, bluc, amd rocks 4
/ i : y Clay, bruwn 1 i YIS " P ’
artt ;t1l, h]atk 17 'IE'I Sand, fina 8 il Voleanie rock - eilher
Clay, gray 176 Sdnd, Tipe 4 124 : beTders ar shotlured
s Sand, fine, and gravel 9 [ie] - s .
Sand, tine 4 Llay, wuiL 1 115 Clay. orow ] i rock 435
Clay, gray 52 Gy, sondy g 15 .\%M‘é' 'F'inun 13 173 Cindars, poroas biack
Clay, sandy, yray 17 Sand, very Tine 1Y 160 Flau. ; a2z rark, snfter Lhan
Clay, gray 3 Clay 4 164 klay, hrown 2 & A il 194
' Clay, nheown, sandy # 187 ©
Clay, sandy, gray az Sand | 6 ! 5
Clav, gray p Clay 15 140 Tuie clay, blazk, soft 23 153
éxmﬁj;tgnpy g Sandl with streaks uf Tuie L;](ly, trown, sofl, " 168
H 1 . saridy £ ]
Goew % S s e, s s 718
Clay, hard, gray, and vlay, sandy 10 1K Clay, biack. havd 3 i
o : otz Sandl finc [ER] Clay, Fime. sandy, and .
Clay, sott, aray 17 et Clay, el voozm . ;e
Clay, gray 1 1.a4a  Gravel, tine 1 202 A :F"“"-kwﬁ e Al
Clay, gray, some sand Ciay, yreen 1t 257 ;i}':d ine, LAy, N V7 330
ctreaks T T Land 12 2H .
Clay, griny, qreep from 1,472 Sand, water-bearing 17 JET Llay, ”?ht' z4ndly ! _332
lotal dwpth reporled €0 e 1,700 Glay ' 1 2 Clay, brows, hard .
sard and gravel,
water-bezring 1 33
Llay 54 piys
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B ThTek- Thick- S — T
Haterial ness drpth Matrrial s, i Thizg= Thi
53 d 5 55N . . i
{Fact) {Feat) ety uLwIEr): Material (?g::) (2223 Material ('li'“‘.' Oupth
b TEEL) : eel i
19/ 28-33ubbl /5= BRr - -Cond ] fnie] . - i (Puet)
tand a0 - 4 :A‘bi . 20y 29- 30cun--Condinued B0/ #u-Mecg-~Continued
* o Shile, Liack v i ;
H’!"v uray H 25 Sarel quml shale [ ::g m:?;'::zy' nianly Sand, flae b iedipn-
sand ] 3R ihale, bruwn and bBlack 11 gif 5 B . o co gratned, Taw caatie
Clay, hiue 55 a0 Shu'le: black 121 H;(} Jngrd gﬁrdnﬁ?lmd tran gratns, falrly well
4 p 7 .
Sand 25 ny Fhale aml vlate 3 iy Tay. G LA A grnded Sn Fine am
Clay A1 Slate PR AR T medfum gfes vl
Sand, cemenTet 22 172 Slate and sandy Blue - A With streaks posed o exlindLed
Clay, séndy (R cla of fron axfie B4 quartz, AT
« Clay, blug, and siit A3 ¥ mny,y\_.;w, wamdy 21 Sm "‘h:”m""] Lo urey, black tragments
' Clay, blue, and sand #3 HRO dathne & i g‘-‘:‘f:':zp ‘:u};: highly an ) {hasait), 15% green,
Clay, blue, and coarscr - Zandstone an bluw clay 19 WG oroanic ol - : 4.3 brown, red Tithiv
wumel . ! rganic clay, bluish rag ) T
. 2 Sandstung 20 141 black, vary satt, wagienls s parlictes
Eand g3 SamdsLane aml Llge ¢l s ko WYY ROTT. Are sulenimded Lo
we clay O usy Tast 5 A
Zamil, venented # iy Line ] il Ed:"di—"dm* light A Ak 15 175
Clay, Lhin layers, and Samdylone and blue clay 1L uyrm m'g:n:r mf‘;-:{:-ng & 3 Aandy tpe Lo carie-
"(;3”” f% :w} b1, Lives slicky 7 FUL sand. HInG to meaiur ’ .2 yratyed, well pradeds
= . Al Clay, blue W G . - = particles are sube
Clay and sdna 0 Ly Clay, biue, and sand ] :.mf{' Emm' 2“?”‘7 and rounded Lo subangular,
zand comented i LEl] Clay, Bluo 17 1.0 T abous ”“q“:““ compusition as above /5 182,5
wnd, vanented, with CToy, blue, and s2nd apout equd | pru- Clayoy sand, grecn gray,
suft spots 16 495 rok T par é*"}* vart iles grading guickly to rat
Baszlt, hiack b 505 famsLune. 1t 1 opa rounded o sub- tlay, roderztely con-
Sare with soft spats / 19 Slar. biue Boom ¢ rirded ) iroow 50l 1dased T
Rock, black, extrimely 1ay, blue, and sand. : Hlay, dark uray, highly Fal clay, gray, medorately
herd 5 517 sione . T 1,08 plastic, slightly corsolidated, highiy
Softer, arohahly Clay. nl res urganic; contains & tastic.  Uocomes £ight
) . lay, ik 7 1,063 H prdstic. wcomes fight,
sancatane ] nag Flay. bl - * drge percent ot drier, well conseld
Rook, fIack énd rud, ’ (:HY. m"r.i' and sand 1 1an caarse sand from duted from 1860 Lo
By ek A} 5 Lo .0 60 630 6 B ha.n, LAntalns § L
e SarddyUine and cldy PR iy el by vwaree 164 Fine-grained sand
14/ 249-33cbby o urdined with veea From 10 4
13 Shate. samly 010 A ron 108, 0 to 144.0 1 153
Alluvial topsni | Sandl 2 v sioral pea gravels Sanmd, Fine to coarse-
Ml L0ps 1% 13 o . : I, 103 particles subangniar gratned wilh ovvesi 1
c?l’dpar n 23 Eat warly vl te rounded, ahoit o :r'cw:'l T‘édum!ur-m
av,_.\andy ®1 110 E"]‘”‘- : ool rqual propartions ot ,,'IJ]J ; |iJmE‘ rai 13
Sand rock, nott 13 103 q]dy, bTue [ ET quarte aml lgek i ._t_v.' .llllﬁ‘i Jd énc '
Clay, hlus and green 377 500 : '-‘5": blue 4 ham veleante tragmentss e i dtu "
5oL gk o anplr, covited i
) 3 WL [ red, .
19/79-73 Shale, blue TR T:',i,‘_z:]' griined, weil . . tan, qreen lithic trage
:.1d__ . ] Ganlstone 5 7m araamie 1 . ; 20. iy mants, frv hlack hasalt
?'\'.1 arl i ﬁ‘--‘ Shale, Bive 101, Fb'\uuk r_ui‘{'df;‘yi:u t. particles, Ihis sana
Bh R “ . i 1] 3| % - T .
sﬂng. Siinly ) -:;\q‘ ?”’]“L””“' gray. herd ERIR hie sTight w,‘:r_ . v nas different opprar-
15 ] Sandstong 31188 . d et . ance than previous
1 i Clay, white A m{tﬂl, medium-grained, ds sands. i o0
i 1% ;._ Chalk ruck u b (E'é”?;'nbf:d from 67.U tu . ‘ Sdnq, pucrly-graded, N
;_ 2y 0 i Clay, white " 7 ety fine tu cuarsp-grained
Z1ay, Lainly 44 [RD} Saml reck, blus e Bldy. preenishegray, with occasional pea
Clay with some .and 10 134 thale, blue M ‘;”‘" 3"‘“"‘- siightly cravely particles
Sond, hard 10 150 Sand rock, | W 1,846  fo maderately” plastic a7 raunded o angular,
- Sands tonn? . -2 P tand, mad |-y ratyged . '
] ne? in 180 u,‘lvui\al,une 4 1m0 I chmnpusiLion ey dbove.
S, Tose 4 181 Ciay, Blue 3 1.25 ragtilid frum 67.0 Frum 216.0 tu £21.4
Sand and Aoma clay gz 5 Ulay, Blue, and gravel ;, l"’ﬁ' to Hi, 7 4.3 4a becnmes wel [-novted,
Elay, blue, »ilty Dok R e e b v Tl dreenihear o Mot um—gr-a 1 e o
Band . it 233 Clng, bl ’ a7 t.anz tu.g;%ml lev 91.7 Sand, woslTy nediume
l.l:; and sand (vory Sardl poek. Bt 4 1.315 Yand, -medium. grained as .‘ " yrained, $E1rly el
SRR layers ; 3 . e oy s Ui
st ||.‘|Y‘E\4 i ]% igg Clay and s bone 7T el drﬂ'ggmrd from 7.0 n:r:::‘:’erm'\lﬂbllluj 1.8 roly
. i [ 7 . ! - raly
ndatane, ol a0 57 0 FAe Dl i . 1 lun sandy clay, grly, low
Aand and sy 38 405 P . . Sd?d; I;Ind!um-qrm_ngd, 0 moderate plaslicily,
Sand gr gy Ll z : edrly well-nortid cantatns an eatbin
. g L H k Lot b i el
Clay, hlug, and <agd 4 &z Sand ! k] rounced ta subzigllar 75F T samd .z
tlay, hlue B 400 Clay, vandy i 110 parlicles ot quarl; Sandy Fine Lo nediun- ;
Sand, vancnted 0 &0 Sanu, madium m 170 ard wnleanie trag- H\_li'i:inec.l. Lumpes [ Livn
Basalt I sl7 Lluy, sandy m 195 ments 1.7 1017 a5 Fean 180.0 e 221,81 i
fasalt, fracturnd and Sand o D u M Clays yreenish-griy, Clay, gray, noderate
purul 14 bl E'qu, sandy 185 335 dense, sligin o plaslicity, vunteing
Samd wmd cravel % 357 poderate plustivive Tuw percent of finn
Lasalt rock 25 g2 vhanging Lo 1ight wend ' . 56
f‘-"y ahvi L Gravel, cunenled 15% 540 brown clay, fim ] Sand, tine te mAdiim-
Ban EN v lirghen 7 LIY ,maderataly plastic 3 104.7 gratned at lpper
7 i 14 ansu’ idated ok, hand, medium o coarse- fantact Bceiing Tine
r;rll 3 Leny Temerate 0 R7/ grainad, same con- o con rag-gia frl
it R4 : posttian ac sand rrom with about 105 pea
nr!?tr 4 0/ i3- ueee Ji0to 1ot g .30 aravel; red, yreen
netitiine 1 ) rray, Llght Lirewn, depse Wack 1ithic frogmonts
Shi lw Dune sand, yray, most] ithic fragmunts
LAvA ok ,éj very fine to Fines i ng::?ﬁ"[-'rnw;‘i;"“11 50% yuarlz: particles
4 _ anfn1ns wroent 1 0w
H}"ml.,- i !!rdmcd. small per- af Fing saml Ha [‘]muuled [XF] ;\;Edfmﬂdr I -
Sy Lune ’ cent medium giratned, R ) E Nay as trom FRE.D tn
Shile " rounded T 5ol ar Fawly Tight brows, bk, ¥PE.0 altataating
Sands bune ) ;' particies ‘“;'SL:I 1t e Menl,_wlt‘lta Lraps ] ogenl with tine to madiin-
Gend rack, hard EC quarts With 10 {ﬂ particles, nedivn to gratned sand, appar-
Clay and = n::l " 1% [T Fragnenty viare-yra inel, mustly Sntly GCOurring is
C"Id'y ]g I lark, ‘”.WI.J-'J_M LR codrse-grd i ned, r'ugm.luf] Eate s Al wlay
G o 45 {peolally basall and o aﬂ:::g“l‘;; particles Al sy Klay iy
i} i . in 4 i - e 2
spein and sand a rhyolise contains framnents in abuut B At A
§Hdlc A roc b W ntow rqual propertinns.  Thin grained. 7l quarir
irate and rach & Silt. hrown. |o 8.8 188 alay tpberbed at 115,0 Yo ved. nrown, hlack
;Iny 3 plasticiny ‘i':;,qy alut F-Tonk Uik 16,8 129.2 tan 114hdg tradnients
Hock 5 drnae; ﬁf:ﬂl-‘ll’rws o Clay, brown, Teen, slinht partivies reunded Lo
Gand . Brg 2 Lo prinsl 1 Py L mderale plaslicily, qubangular 34 0
Clay a 1y‘:| | ES fairly :lﬂnw-h Tirms cuntaine abuut 34 Rapdly Time Lo merkiva- )
,_;‘;13‘1' 'g‘. Jaand L [ S M:w finc saml. Chamjes to grained Lo 245.0,
Hhale 22 pergent of very yray and beconey sdndy TOX quirtz, X Tilhic
\tnrk‘ e ”liCd.l.'l.“uu“' fram 11‘4.(; to 124.7 y.h 1287 [ragments, nostly
i 1 " sanl’ i s r‘*ﬁ."—h‘-"’- 1ine oray. viltanics, rounded to
Sl F L ) - igkly plastic, fim, subanguler, gred
::‘:::: and samk }? L'I:}S&bfyi_::};_‘-yfl;?r‘. maderately consolizated. bcculrﬁ:laao‘a#m ;:Jl};nd
Shale and sund . highly plastic yrcomas tght, dense, below Hah.0.  About
2 's.;,;],_‘ d;.:;j ,-:,Ijk ; nodm--.mrydr. - wall consnildated from cqual proportions of
; at. T M 2
Shalz 1 solfdatcd; con- L a0 Ao 17,0 B3 W7 medium and coarae gratns
Sand N taing Inss than t.l;;';‘:nr;n?:l'ny r.‘r_: r‘»l-\c.k, at “bl. Predoninantly
Shale, Llack, tLicky 1 B4 very e arite Mggg:;}" :{“‘-:;f"d- coarsa-graincd at Fu0
snale, black, aml I_ﬁ;ﬂc:r‘:\an:;_ 4.4 364 plastie s vy 149 ;:: :m:%m R wn 1 A T
Fauel P aand, very fing Lo ) - E . i
"lg'lc Eb —— 7 it Tl Lt ?;I‘"'Lillerl Clay. davk greenish-yray, Cizy, brown, Rodarately
Mrarat , 75K oarLe and 23 nederately plastic, plastiat sontains 10
grdve ] #3l Viihic fragsnes |:|udcr‘qtc'i‘¥ vonsolidated; o I15% Cipe Lo medljyn-
aen=s contains B oto W i iR
},;‘:"15:51;0)_“‘ finp-gratned sand [ |54 yrdined sard 1.6 267.5
rounded partinies, [Cantinued)
Togse:, drills tasl 3 39.4
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20/ 29- 300G --Lonkined 2U/29-30c e --Cunt inuwe! A 29-300et- -Cantinued . 20/ 20- Ao - -Tantinued
Sand, Tine o mediom- Clay, black, 'suflL, Sandy clay, light gray, Sand, Tine to mgdium-
qrained, 40% quirtr, sTightly organic s 11ghtly plasiing grafnel, Mostiy
&60% Tithic frag- hrroming more contains 25 to 30% medium grained, Fow
meRts; particies nrganic with depth, very fine guarle CudTLE graingg
rounded t.o suba Wighly nrganiec at and hlack sand 4 437.4 particles arg mostly
angrlar 2.5 20 dbuut 385.05 wun- 5and, poorly-graded, angufar Lo slibrandgd;
Ciay and sand, thinly tains 10w TS tine tn modim- Tew are well roundeds
budded,  Llay, very fine sands grained, dmgular Lo, coppused o 50 Lo 60%
gray, moderately has s1ight organie slrainded paelToles, guerts, A Lo 50%
plastic, firm; wlar, §ilty £ 202 st Are angular, Llack, uray. hrown,
contains 10 fa Yoy Sanmd, Fine D0 vied Tuw- S08 quarts will red, red, grean 1ilhiv
Fing sand.  Sang, yrafnml, poorly- brawn, hlagk, graen, Trogmunls, [éw mica
fing tn mediim- yraded, yharis, yray Tithi¢ Fraguwgts, Mlakes. Cullings
grainel, con- yreen, brown, Tew dark mica Makes 3.5 45t at B03.0 and 583.0
putlion s Trom bBlack fFraymeniy 1 M3 Clay, yray, sufi, are clayey sand,
267.9 w E70.0 A B9 511t and clay, biack, moderately plastic, broviri, fine-grainei,
GSend, Tipe Lo owtjom- urganic, very sufl; slightly sandy 9 440 moutly quertz graing
grained, puariy some as desor it Elay, broiem, moderately with 25 to 300 Clay n GO0
qraded, predwnin- abuve from 380.0 plastic, firm, Sandy cley, light rust
antly madiwe- to duE.u 2 393 maderately conseli- bruwn, dense, rder-
ardined, subrougied Rand, Tine Lo meiign- dated, cuntaing oty . ately well consuli-
to angular particles, yrajued, predoatn- 10f fine send 4 LET dated, slightly to
' fo 60 quarte, antly mediun-yrafred, Clay, very soft, gray; . maderately plastic,
an to L% hlack, subdrgular Lo rounierl contains 75 to 2% sand congent variable
brown, ved, gresn particles of quarlz Fing dand whizh prob- oo 10 Lo 304 4 a04
Tithig tragnents, ard Tithic fragnents 1.5  386.5 ably oudurs as Lhin Sand, medivn grained
ma g il parkicle Clay and s11t, dark interbeds, uvcasional with Tew Ming and
size, 0.1-inch qray to bluish-black, stregk of black codrse yrains dax From
diameler. This plastic, soft to decompused uryanic R3O tu GUD.D.
sapd fa probably vory sufb, orysnici material prosoot f il Levoral thin bods of
partly cemented cortainn a low pore Clay, wery zatt, gray. aandy clay arn npeesent 16 nly
althouyh Lhere cont of very fine cantains 25 fo 30 sandy ciay trom 619.0
is no indicatian sand 0.6 807 Finesand which tn £70,0. 1130t Brown,
nt cementatian in sand, as descrthed prabilly nggues as Llighlly plastic, can-
the cuttings 0.5 297.4 trom 345.0 to 3565 1 408 Lhin fndeelels, tatns 15 to P0G tine
apd with thin clay Clay and 547t, dark podsivnd] streak of warl ! LE
Tnhartadsy sand gray ta bluisn- black, deamposwl Sargl, predoninanly
15 tine to mediume black, plastic, arganie W ler B Ll mad e ra et Fow
graingd a5 abhova, soft, urganic; Clayey sand yraduslly Mlme ann wiarge gratns,
clay 5 gray, contatns a low chang ity Lo samly parLicley Waskly angular
highiy plastic, prroent of vory Clays 205 olay, B0 Lo subratinde!, oW wall
i FuB 400 t1ina sand 4 411 sand 9k upper cun- ruunded; s Limaiued 60
Sanid with thin riay Sand, Fipe Lo medium- Eank with cfay con- tu 70Y qudrez wilth 30
interbeds as above ] ane dra e a5 dusir e tant gradually to 405 black [basali),
Sandy cluy, dark gray, From Juwb.0 to 396.5 ] ne ncreising to 60K, green, gray, rra, brawn
maderately plastic, Llay, arayish-green, gray ish-green, non- 11thic tragments, few
modrrately cansel- dana, s H1gnkly plaslics; samd i mica tlakes. Thin beds
1datad, ftm, ptasbie 4 1R finn-yrdined 3 g1l At sandy clay at &0
hecoming softer 100 and clay, davk Clay amd =171, dark and &A0.00, brown;
with drpth and yriy Lu blatk, gray to hlack, ngderately cnn"ohda.ted.
slightly organtc 1 314 aigangs i 419 organic, solt z 513 nonplasticg .
Loy, very soft, dark smnd, as from 395.0 Clay, !ight gray, suft oL to ALY (1] £36
urdy tu black, Lo 3.5 5 4Iny GOPtATns A W prr- Clay, hrown, dens
slightly arganic, drganic 51l and clay cunt of gand 4 si7 madarately tu highly
e urlar 2 381 an atove 2.5 4 Slay and 5iTt, dark plastin; containg Jess
sand, fine fo medium- Hend, medium-nrainod gray to bisck, sull, ) than 5% foe aand & o4l
grafined, approx- broning ned fun LG arganie 1 L1g Eand, Tipa to medium-
imately rqual pros coartesqrdined ron Clay as From 313.0 to yreined, vorpesitivn
portions ot quarts 47 o dA) i, S17.0, waruly, prob- an from RD4.0 ta &3&.0 n iy
and 11thic trag- rounded to subangular ably conlafns thin tlay, hrown, maderataly
mants, masimum particios, 3% quartz, interheds of sapd ¢ S20 plastic, tim i Ra/
particle sira . TOE piack, gram, Clay, yray, soft, Sdwri, Thoe by e ihi-
0.1 faeh / 48 grny, [ERTS tragments. uahdy; probably con- gradined as Mol 804,40
Clay ar 21if, dary Saml appears Lo he tains thip hedas of u 360, Cuttimgs
bluish-yray, very clean Aot iy undur- S g 52k cantain from 10 to
suft, slightly lain and overlain by Trherbedde olay ard 0% ziay from LhUL0
orgenic 2 230 oryanic deporils 10 A3F saml,  Cliy, gray, to &bh.0, brown to
Zand, fine to mediom- Clay, dark gray, S0l modeia Lely qray, firm, modors
arained as Trom moderately soft, Plastic s dhbove, ately plastic; props
3#1.0 te 2.0 2 332 modrrately p'\a,tu_, Sand Tins Lo med jum- ably aeeurs as thin
Clay, dark hiuish. siightly pryanic, yrained, predoningntly clay Tnterheds. lhin
gray, or silt es vory slight odor 1 136 weel = el L34 clay layer aft 6F&,0 24 Bil
Fram 37H.0 to ) Sand, predumirant!y Clay, yray, soft, Clay, wedfum gray, i,
a3n.n . q 36 il § =g praaci wileralely plasiic, moderately consali-
Sand, tine to medium- some e gratned, sTighUly arganic 543 dated, moderately to
grajned as trom viwpns | LTan ns alove 5 340 Sand, predominantly ighly plasUie 3 Rid
321.0 to 374,01 L] Jai Tullingy are samdy <lays nedium-grained, Randy alay willh thin
Clay, dark hlniah- 608 elay. 405 cand, particlns arc angular sand Iolerbeds, Clay
gray a5 Team 32R,0 Formalivn iy probably ta suhreurded, gquartz iv yray, muleralely
to 33,0 H ELES thin beds 6F clay and- and red, hrown, oldck, coms ot idedad; contalng
Sapcl, Fing to medium- sand. Clay iy dork green 1ithie tragments, 10 te 25% Tine sand,
gre fied a5 Tram aray, s1ighlly Subtings contain B0 to Gand 15 Finc tu mudium
I21.0 te 2EE.Or 1 154 arganic, slight odor 2E% s0f't gray olay, qrained a5 ahuve 681
Clayey sdnd, blue-yray, uz sofore.  Sand fs procably thin cley tlay, medium-gray, danse,
ting-grained quartz pradaminantly medium- interbrds I I nkerately well Copsol-
sand with 10 o 1u8 gratned, AQ% quarts, Send, mredium-grained, idated, wlerataly Lo
hiue-gray clay i M5 0% tan, red, bilack, particles moatly Wighly plazlic, canlains
dmd, ting ta medium- 11901l green gray angular tn suhrourded, 4 Tow percent uf fine
grained, subanguiar tragments, tew mica tew well voundrd, sand 1.3 6823
to rodmded particlen tlakes, particles psbLiMmbed &0 to 7O
ot quartz and red, are argutar tn quart.T, smali amaunt ot
hrawa, green, kiack sahroundad M A4l £hert, mamindor black - e 7 4
Vehis Pragnests, Trderledied clay and WAsaTl), green, aray, Fill, somh i o
b fam g L g sand. Clay 1% yrey, red, beown 11thie frag- Gravel | bt a1 ;
wiee 0,1 frch,  Thin suft, inurgdnic. Ments, Cew mica *lakes 7.7 GRP d “"?1 amd 551k, medium 8 u
interbul O gray ¢lay “and, nediumsgrained, Clay, brown, dense, g ‘Lj Lh " 3 7
Trom 347.0 10 548,0 1 composificn as akove 4 456 nipferately well consel- Gdn' " are M in
Llay, Tiuhl yray, satt, Kanpd, tine tn medium- idated, moderatuely _rnve]. ;Ud'd‘e, " 10 a0
muderately piastics grafned, apgslar ta plastic, sligntly fravel, hard, cosrse :
- P . S 5i1t and sand, soft 5 a5
cuntaing low percent ruunded parlicles of sandy 1 563 Gravel, hard, codrse 15 0
of finc to medium- ) guitele dand §ilhio serd, finc to mediwn- ,T?:e"d ar d Lgdrl-i' 15 75
grained sand 4 BN Fragrgmts k] 459 yrained, produmingntly 31 ?" .ng 1 dut 0 a5
sand, fine &0 madium- Interbedded soft yray rediumsgrained, fow bravel, hard, coarse a0
- : 2 - 311t and sand, suft g a0
grafmed, moRtly clay snd mcdiun- aoarse gritms; particles E I hand avr 1% 163
Rl iwn gralned, qrainnd sans I 464 are mastly angular ta F":'""ni' I‘m"d' £ ,“_':
yudrle, greer, 5and, medium o cnarses suliponlen, teg wel | gy WA EORTER. s
brovn, black Frag- qraincd, averagn ruundedy e Ljmaled 50 e )
menty 1 R0 particle size, .4 Lo O quieley small
Clay, Viuhl brown, inch, mixinum s1za, dmount G sherLoarel
softy Tuw plaxticily, b dnch, angular ta fow mica fakes;
contiing 2 Ty per- Fanngdad L LS rendinder iy black
cenl of Fine fand 14 74 Ulay, Mgkt hrown, thasals] grecn, gray,
Clay, derk grey, sofl, wodevately plastic, red, brown 1itnic
shightly oryanic, antt to tirm * 41 frayrents 14 Aihg
cantains rstimated faod as from 54,0 ta
5% e 54 MediuR- 5 3. 1.
grainod sand 5 ki 169.0 oG
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