- View of Weber Reservoir looking northwest from the dam.
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A BRIEF APPRAISAL OF THE WATER RESOURCES
OF THE WALKER LAKE AREA, MINERAL, LYON AND
CHURCHILL COUNTIES, NEVADA
by D, E. Everett and F. E. Rush
SUMMARY

The Walker Lake area, which includes Walker Lake Valley and
Rawhide Flats, is in west-central Nevada at the downstream end of
the Walker River. Walker Lake Valley in turn is subdivided into
the Schurz, the Lake, and whisky Flat-Hawthorne subareas.

For the period 1908-65 the estimated average annual gross
inflow of water to Walker Lake Valley was about 169,000 acre-leet,
of which about 140,000 acre-feet was supplied by the Walker River.
During the same pericd, the estimated total discharge from Walker
Lake Valley was about 256,000 acre-feet per year, of which
220,000 acre-feet was discharged by evaporation from walker Lake,
4,000 acre-feet by evaporation from Weber Reservoir, 21,000 acre-
feet by evapotranspiration of phreatophytes and bare soil, 10,000
acre-feet by crop use, and about 1,400 acre-feet by pumpage and
by surface-water diversions for municipal use.

Water levels in Walker Lake have declined an average of 1.84
feet per year for the period 1908-65. The average area of the
lake for this period was about 54,000 acres. Accordingly, the
average annual depletion of storage in Walker Lake was about
100,000 acre-feet. A&As the lake levels declined, the water table
around the lake also declined, Since 1908, an estimated 3,000
acre-feet of ground water has been lost annually from ground
water in storage.

Recharge from local sources to the Schurz, Whisky Flat-
Hawthorne, and Lake subareas is about 500 acre-feet, 5,400 acre-
feet, and 600 acre-feet, respectively. Any substantial drawdown
of water levels caused by pumping near the river in the Schursz
subarea would cause water to be diverted from the river to the
ground-water system. The annual discharge by wells near Hawthorne
in the Whisky Flat-Hawthorne subarea since 1908 was estimated to
be about 200 acre-feet, and in large part was used by the town of
Hawthorne and the Naval Ammunition Depot for municipal supplies.

Most of the ground water in Walker Lake Valley is suitable
for agricultural and domestic uses. However, a few wells in the
Schurz subarea yield water which is unsuitable for irrijigation,
and municipal wells near Hawthorne yield water with a high sulfate
content,

The preliminary estimates of perennial yield are: VWhisky
Flat-Hawthorne subarea, probably not in excess of 5,000 acre-feet;

1.



Lake subarea, probably not in excess of 700 acre~feet; and Rawhide
Flats, about 500 acre-feet., The perennial yield of the Schurz
subarea is largely indeterminate at this time. However, the es-
timated average annual water inflow was somewhat more than 140,000
acre-feet, for the years1908-65 and more than 110,000 acre-feet
for the years 1948-65, most of which discharges into Walker Lake.
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INTRODUCTION

Purpose and Scope of the gtudy

Ground-water development in Nevada has shown a substantial
increase in recent years., A part of this increase is due to the
effort by private and public interests to bring new land into cul-
tivation. The increasing interest in ground-water development has
created a substantial demand for information on ground-water re-
sources throughout the state.

Recognizing this need, the State Legislature enacted special
legislation (Chapt. 181, Stats., 1960) for beginning a series of
reconnaissance studies of the ground-water resources of Nevada.

As provided in the legislation, these studies are being made by
the U, §. Geological Survey in cooperation with the Nevada Depart-
ment of Conservation and Natural Resources. This is the fortieth
report prepared as part of the reconnaissance studies (fig. 1).
Because of the need for information on the surface-water resources,
this reconnaissance series has been broadened to include prelimi-
nary evaluations of the surface-water resources in the valleys
studied.

The objectives of the reconnaissance studies and this report
are to (1) appraise the source, ocgurrence, movement, storage, and
chemical quality of water in the area, (2) estimate average annual
recharge to and discharge from the ground-water reservoir, (3)
provide a general evaluation of surface-water resources in the
study area, and (4)  provide a preliminary estimate of the peren-
nial yield, '

The pericd 1908-65 is used in this report because (1) the
earliest stage of Walker Lake was measured in 1908, (2) nearly con-
tinuous stream-flow records at Wabuska and Schurz are available
since 1914, and (3) the period is helieved to approach closely a
period of average wetness.

Field work was done during February and March 1966. The in-
vestigation was made under the general supervisioen of G. F. Worts,
Jr., District Chief in charge of hydrologic studieg by the Geolog-
ical Survey in Nevada.

Location and General Features

The Walker Lake area, which includes Walker Lake Valley and
Rawhide Flats, is in west-central Nevada and is approximately
enclosed by lat 38°05' and 39°15' N., long 116°30' and 117°00' W.
(fig. 1), It is almost entirely in Mineral County: however, the
extreme northern and northwestern parts are in Churchill and Lyon
Counties, respectively (pl. l). It is about 75 miles long, 25
miles wide, and covers an area of about 1,560 sguare miles,,

For the purposes of this report, Walker Lake valley has been

3.
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divided into the Whisky Flat-Hawthorne, the Lake, and the Schurz
subareas. ‘The Whisky Flat-Hawthorne subarea extends fxom the
southern boundary of the drainage area to the southern end of
Walker Lake. The Lake subarea extends from the southern to the
northern end of Walker Lake. All the area north of Walker Lake,
except for Rawhide Flats, is included in the Schurz subarea which
includes Weber Reservoir. Rawhide Flats is a separate valley
northeast of the Schurz subarea.

Principal access to the area is by U. 5. Highway 95 which
passes through the area from north to southeast. Alternate U. 5.
Highway 95,State Highway 30, and unimproved roads provide access
to most other points in the area.

The principal towns in the area are Hawthorne and Babbitt,
which are on U. §. Highway 95 and are about 5 miles wesk of the
Southern Pacific Railroad. The population of Hawthorne in 1960
was 5,277. :

Previous Work

An unpublished report was written by D. G. Metzger, C. H.
Carstens, and W, P, Somers in 1953 on the water resources in the
vicinity of Hawthorne. S. T. Harding (1965) described the his-
torical lake levels of Walker Lake. The domestic water supply
of the Hawthorne Naval Ammunition Depot has been reported on by
H., E. Wilbert (1947). The geology and mineral deposits of Mineral
County were mapped by D. C. Ross (1961). A preliminary geologic
map of Lyon, Douglas, Ormsby, and part of Washoe Counties has
been prepared by Moore (1961).
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HYDROLOGIC ENVIRONMENT
Climate

The climate in the project area generally is semiarid in the
valleys and subhumid in the higher mountains. Precipitation and
humidity generally are low, and summer temperatures and evapora-
tion rates are high. Precipitation varies widely in amount but
generally is least on the valley floor and greatest in the
mountains. Snow is common during the winter months, and local-
ized thundershowers provide much of the summer precipitation. A
further discussion of precipitation is inecluded in the hydroelogy
section of this report., The daily temperature range is commonly
about 50°F. The length of the growing season varies from year to
vear; however, Houston (1950, p. 18} stated that the average
growing geasan for the Walker Lake area iz about 136 days (May 15
to September 28).

Physiography and Drainage

The area covered in this report is in the Great Basin sec-
tion of the Basin and Range physiographic province (Fenneman,
1931). walker Lake valley is a north-trending valley bordered on
the west by the Wassuk Range, on the north by the Desert and
Terrill Mountains, on the east by the Garfield Hills, Gillis
Range, and Sand Springs Range, and on the south by the Excelsior
Mountains and Anchorite Hills.

Mt. Grant, altitude 11,239 feet, in the wassuk Range 1is the
highest peak in the area. However, several other peaks have
altitudes greater than 10,000 feet. The lowest point in the
valley, 3,973 feet in 1965, is the surface of Walker Lake. Acw
cordingly, the maximum relief is about 7,300 feet.

The principal surface drainage in Walker Lake valley is
toward Walker Lake. The flood plain of the Walker River in the
report area has an average gradient of about 4 feet per mile.
Gradients on the alluvial aprons, which lie between the mountaing
and the lowlands, commonly range from 100 to 300 feet per mile,
In the mountains, erosion has produced steep-sided canyons, and
stream-channel gradients generally are in excess of 300 feet per
mile; locally they are as much as 1,000 feet per mile.

Rawhide Flats is a northwest-trending valley bordered on the
south and west by the Terrill Mountains, on the north by the Blow
Sand Mountains, on the west by the Desert Mountains, and on the
east by the Sand Springs Range. An unnamed peak, altitude 7,170
feet, in the Sand Springs Range is the highest peak in the area.
The lowest point in the valley, 3,880 feet, is on the playa. The
maximum relief is about 3,300 feet. The principal surxface drain-
age is northwestward toward the playa. In the valley lowland,
southeast of the playa, the gradient is about 35 feet pex mile.



Lithologic and Hydrologic Features of the Rocks

The hydrogeologic units shown on plate 1 are congsolidated
rocks and alluvium. A further division of the conscolidated rocks
was made by Ross (1961, pl. 2) and Moore (1961}, but for the
purposes of this reconnaissance, it is assumed that the hydro-
logic properties of the various consolidated-rock types generally
are similar,

The consolidated rocks range in age from Precambrian -
to Tertiary. The dominant rock types in all the mountains, ex-
cept the Wassuk Range, are volcanic flows, tuff, and breccia.
The Wassuk Range is principally quartz monzonite, but volcanic
tuff and flows are common. All the consolidated rocks are
assumed to have low permeability except for fracture zones.
Springs occur locally in the consolidated rocks and are used as
a municipal supply by the Naval Ammunition Depot.

The alluvium is of late Tertiary and Quaternary age and con-
sists of gravel, sand, silt, and clay. This material is not only
derived from the adjacent mountains but also transported into the
area by the Walker River. The alluvial deposits are poorly con-
gsolidated to unconsolidated, well to poorly sorted, and in some
areas are faulted and folded. Several well logs listed in table
10 show the types of material penetrated.

Lake Lahontan, a Pleistocene lake, occupied much of the
valley floor in Walker Lake Valley and Rawhide Flats. The high-
est recognized lake level, altitude 4,380 feet, is shown on plate
1 (Russell, 1885). Wwalker Lake is a desiccating remnant of Lake
Lahontan. In the area once occupied by the lake, fine-grained
material was deposited from the standing water. Logs of wells
8/30-3d1 and 8/30-8dl (table :10) in the Whisky Flat-Hawthorne
subarea show the dominant lithology to be c¢lay from land surface
to a2 depth of at least 500 feet. To the southwest beyond the
lake area, well logs 8/30-18al and 8/31-32bl list less, about
one-third clay. These fine-grained lenses have low permeability
but are interbedded with lenses of sand and gravel., They supply
large amounts of water to wells with small drawdowns in the -
vicinity of Hawthorne and Babbitt.



PRECIFPITATION

Precipitation has been recorded at many locations in and near
the project area. However, for the purposes of this report,
records from Five stations are used. Three of the stations,
Schurz, Thorne, and Hawthorne-Babbitt are in the area. Only 23
years of data are available for Wellington, 30 miles west of the
project area in an adjacent valley, but long-term data are avail-
able for the other four stations. The average monthly and annual
precipitation for these five stations is listed in table 1.

The precipitation pattern in Nevada is related principally
to the topography: the stations at higher altitudes generally
receive more precipitation than those at lower altitudes. How-
ever, this relation may be considerably modified by local condi-
tions. Por example, Schurz (altitude 4,124 feet) receives nhearly
twice as much precipitation as Thorne, which is about at the same
altitude. The stations other than Schurz conform reasonably well
to a precipitation-altitude relation.

Precipitation on Walker Lake

Precipitation data from Thorne and Schurz suggest that pre-
cipitation on Walker Lake ranges from about 3 inches at the south
end to 5 inches at the north end. Because data are not avallable
for different locations on the lake, it is estimated that the
average annual precipitation on the lake is an average of these
two, or about & inches. The estimated area of Walker Lake for
the period 1908-65 was'about 54,000 acres. These estimates sug-
gest that on the average about 18,000 acre-feet of precipitation
directly entered lake storage each year.

Precipitation data from Schurz and Yerington suggest that
precipitation on Weber Reservoir averages about 5 inches a year.
The average area of the reservoir is approximately 1,000 acres.
Accordingly, an estimated 400 acre-feet of precipitation directly
enters reservoir storage each year.

Precipitation_on_Weber Reservoir

Precipitation data from Schurz and Yerington suggest that
precipitation on Weher Reservoir averages about 5 inches a year.
The average area of the reservoir is approximately 1,000 acres.
Accordingly, an estimated 400 acre~feet of precipitation directly
enters reservolir storage each year.
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SURFACE WATER
By Donald O. Moore

Walker River

The principal source of surface water in Wallker Lake Valley
is the Walker River which flows into the valley from the norlthwest
and discharges into Walker Lake. 1In 57 water years {1909-65) the
discharge of the Walker River at Wabuska, just upstream from
Walker Lake valley, has ranged from 9,340 acre-feet in 1931 to
540,000 acre-feet in 1914 and has averaged 140,000 acre-feet per
year (table 2). However, the flow during the period 1948-65 prob—
ably reflects more accurately the long-term average undex present
conditions of upstream development. The flow during this l8-year
period averaged about 107,000 acre-feet per year.

- Little surface water is contribﬁted to the Walker River where
it flows through the north end of the valley to Walker Lake.

Egstimated Local Runcoff -

A method has been devised by Riggs and Moore (1965) to esti-
mate runoff from ungaged basins in mountainous areas. The method
still is in the development stage and is subject to furthex Iield
checking and adjustment. It is a reconnaissance method only, and
in no way should it be construed that the method necessarily pro-
duces results of equivalent reliability to those based on exten-
sive data. This method is explained briefly, as tollows: Using
the drainage areas supplying the natural flow te streams where
gaging stations have been or are operated, recorded runoff Tis:
prorated by altitude zones (1,000-foot intervalsg) with due regard
to the proportional areas of the several zones and with increas-
ing unit values of runoff for increasing altitude. The adjust-
ment of the runoff coefficients for local conditions are based
on streamflow measurements. The measurements are adjusted first
to the average for the year then to a long-teéerm average annual
discharge., Also considered are the different physical character-
istics, such as vegetation, amounts of_precipitation, geology,
and types of soil.

Walker Lake Valley was found to have three different sets of

" runoff values with the highest intensity of runcff in the Wassuk

Range north of Cat Creek and the lowest intensity in the southern

_subarea, The largest source of locally derived surface-water

runoff in Walker Lake valley is generated on the east flank of the
Wassuk Range between Cat Creek and Cottonwood Creek. The remain-
ing surface-water runoff in Walker Lake Valley is generated from
+he remainder of the Wassuk Range, Anchorite Hills, and the Excel-
sior Mountains. Runoff rates from the mountains generally de-
crease in a southerly direction.

The estimated average annual runoff is about 10,000 acre-feet
in the Whisky F;at»Hawthorne subarea‘and 4,700 acre-feet in the

9.
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Loke ond Schurz subarcas, or 2 total of roughly 15,000 acro-feet
(table 3). 1In the Lake and Whisky Flat-Hawthorne subareas much
of the runoff is detained in reservoirs where water iz diverted
to the Naval Ammunition Depot for municipal use and where some
evaporates. It is estilmated that on the average not more than
2,000 acre-feet per year flows directly ints Walker Lake. In the
Whisgky Flat-Hawthorne subarea most of the 10,000 acre-
mated average annual runoff percolates downward to ground water
or is retained as soil moisture. An average of probably not more
than 1,000 acre-feet per year reaches Walker Lake as surface-
water runcoff., Accordingly, the eatimated average annual surface-
water runoff to Walker Lake from local sources ig about 3,000
acre-feet, or about one-fifth of the total runoff from the
mountains surrounding the lake.

streamiflow Characteristics

Streamflow in Walker Lake Valley varies eonsiderably from
year to year and alsgo for different peripds throughout the year.
Figure 2 shows the discharge hydrograph for water years ig6). and
1962 for Rose Creek. The graphs show that sgnowmelt occurs during
the period April to June and that this peried has a much higher
discharge than other periods of the year. Also flow during 1962
was much larger than during 1961. Years with the largest snow
packs in the mountains generally have the highest runoff.

Available Records

The Hawthorne Naval Ammunition Depot has kept records on
Cottonwood, Rose, House, Sguaw, and (Cat Creeks for maly years.
These records have not been published. As part of this study
measurements were made on most of the streams on the west zide of
the valley between Reese River Canyon and Powell Canyor,

ol

10.
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Table 2,--Streamflow of the Walker River at the Wabugka gaging
station {(gite 1, pl. 1} for water vears 1909-65

Water Discharge wWater Discharge Water Discharge
yaar (acre-feet) year (acre-feet) yvear (acre-feet)
1909-11 =a 300,000 1929 18,300 1947 84,410
1512 b 160,000 1930 14,500 1948 31,070
1913 ¢ 170,000 1931 9, 340 1949 36,520
1914 d 540,000 1632 59,800 1950 30,330
1915 d 214,000 1833 35,900 1951 158,600
1916 d 310,000 1934 21,000 1952 379,000
1917 d 320,000 1935 46,410 1953 121,800
1918 d 160,000 1936 ¢ 110,000 1954 43,340
1919 d 200,000 1937 ¢ 114,000 1955 34,620
1920 d 60,000 1938 o 470,000 1956 277,000
1921 76,800 1939 ¢ BO,000 1957 88,350
1922 248,000 1940 62,960 1958 227,300
1523 131,000 194l 179,900 1959 70,590
1924 52,600 1942 ¢ 280,000 1960 26, 260
1925 c 20,000 1943 240,100 1961 23,780
1926 29,200 1944 « 70,000 1962 37,260
1927 100,000 1945 331,900 1963 169, 200
1928 46,900 1946 170,900 1964 51,460

1965 123,200
Average annusl (rounded) . 140,000

a. Estimated average annual discharge based on streamflow records
on the Carson River near Empire, Nevada.

b. Estimated discharge based on streamflow records on the Walker
River near Mason, Nevada.

c. Estimated discharge based on streamflow records on the East
Walker River near Mason and the West Walker River near Hudson,

d. Estimated discharge based on streamflow records on the Walker
River near Schurz, Nevada. (site 2, pl. 1).

11.
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DISCHARGE, IN CUBIC FEET PER SECOND

3.5

OCT. NOV, DEC. JAN, FEB. MAR. APR. MAY JUNE  JULY  AUG, SEPT.

Figurs 2.—Discharge of Roge Cresk for 1861 and 1962 water years, Recards
by Hawthorne Naval Ammunition Daport, Hawthorne, Nevada



STREAMPLOW DISPOSITION AND ROUTING

Irrigation Use

Water from the Walker River is diverted near Schurz by the
Walker River Indians for the irrigation of native grass and hay.
The Nevada Indian Agency at stewart, Nevada, reports the follow-
ing diversions and use: (1) For the years prior to 1935 approx-
imately 9,450 acre-feet of water per year was diverted to irri-
gate 2,100 acres of farmland and native grass; and (2) starting
with the completion of Weber Dam in 1935,approximately 31,900
acre-feet of water per year was diverted to irrigate 6,280 acres
of farmiand and native grass.

According to Houston (1950, p. 21), the annual consumptive
use of water by alfalfa and native grass in the Walker lake area
is about 2 acre-feet per acre per year. Water applied in excess
of this amount is to leach the soil; it eventually returns to the
Walker River or is consumed hy evapotranspiration outside the
irrigated areas,

The above reports and estimates suggest that the consumptive
use during the period 1908-34 averaged about 4,000 acre-feet per
year, and during the period 1935-65 averaged 12,000 to 13,000
acre-feet per year. The weighted average for the two periods is
nearly 10,000 acre-feet per year.

Municipal and other Uses

Runcff from the Wassuk Range is diverted by the Hawthorne
Municipal Water Works, the Hawthorne Naval Ammunition Depot, and
local ranchers for municipal, domestic, and agricultural uses.
It is estimated that in recent years approximately 2,000 acre-
feet is diverted annually from Cory, Cottonwood, House, Rose,
Sguaw, Cat, and a few unnamed creeks. For the period 1908-65,

. the use may have averaged about 1,000 acre-feet per year.

13.



EVAPORATION FROM WATER SURFACES

wWalker Lake

All water entering Walker Lake Valley that is not otherwise
discharged ultimately reaches Walker Lake. The fluctuation of
lake level is dependent upon the relation between inflow to and
evaporation from the lake. When evaporation exceeds inflow, the
lake level declines, and of course the converse is true. Figure
3 shows that the level of Walker Lake has declined from an alti- -
tude of 4,078 feet in 1908 to 3,973 feet in 1965--105 feet of
decline in 57 years, or an average decline of 1,84 feet per yeoar.

The areas of the lake in 1908 and 1965 were approximately
66,000 and 38,000 acres, respectively. The average area during
this period was about 54,000 acres, based on the configuration of
the lake shore as now expressed. According to Harding (1965,

p. 14%7), the average annual evaporation from Walker Lake is 4.1
feat.

For the period 1908-65 the average annual evaporation 1is the
product of the average area times the evaporation rate (54,000
acres x 4.1 feet), or an estimated 220,000 acre-~feet per year.
For the same period, the average annual depletion of lake storage
is the product of the average area times the average annual rate
of decline of lake level (54,000 acres x 1.84 feet), or an esti-
mated 100,000 acre-feet per year,

Weber :Reservoir

Weber Reservoir was constructed in 1935 by the U. &, Indian
Service, now the Bureau of Indian Affairs. It is about 8 miles
upstream from Schurz and is used to store irrigation water and
for flood control. The average area of the reservoir is approxi-
mately 1,000 acres and the evaporation rate is about 4 feet per
year (Kohler and others, 1959, p. 13). Accordingly, the esti-
mated average annual evaporation from Weber Reservoir is about
4,000 acre-feet,

14.



0Ll

GO-BO6L BT JoYle A JO 2BE1S W sudBLEA— 2 2nbBig

G961 Ils 51 ) G561 #1118 S¥hl 06l

Cegl

11

SE6 1

0ZEl

5151

oLgl

S0si

QL6E

\

\

L

il

[ile 1)

L0

020

JEDE

OFQE

aE] JF§[EAR 10
sjuswainsesw afels Jajesm Uo paseg

0soF

(7 al0e L] Jany Jay )AL 1O
EPIODDL MOYUIERILS U PBERY =————

QacE

P

- QLOF

ogoe

T3AIT vISNYIW TA0AY 1334 NI 'FaNLLLY



GROUND WATER

Source and Occurrence

The source of all ground water in the project axea is from
precipitation within the area, from seepage loss from the Walker
River as it crosses the area, from recharge resulting from the
downward percolation of irrigation water, and from subsurface
flow from Mason Valley. It is assumed that little if any ground-
water inflow from the Fallen area to the north occurs. Most of
the water is contained in the younger and older alluvium and
occurs under both artesian and water-table conditions., Well
13/28-25bl, the only known flowing well in the Schurz subarea,
had an estimated flow of 2 gpm (galleons per minute) on February
17, 1966 (table 9)}.

The thickness of the ground-water reserveoir is not known,
because wells near the center of the valley do not penetrate its
full thickness, Well 8/30-841, in the Whisky Flat-Hawthorne sub-
area, was drilled to a depth of 542 feet and did not encounter
bedrock (table 10}. '

Although ground water occurs in large gquantities in Walker
Lake vValley, the water between Schurz and the northern end of
Walker Lake in places is too highly mineralized for agricultural
or domestic usges, However, ground water northwest of Schurz and
in the Whisky Flat-Hawthorne subarea probably is suitable for both
uses, Part of the water supply for Hawthorne is obtained from two
wells in the city and from one well in Cory Canyon. The Naval
Ammunition Depot obtains part of its water supply from nine wells
in the vicinity of :zwtheorne. These wells yield 250 to 1,050
gpm. Well 8/30-18al reportedly vielded approximately 1,050 gpm
with a 10-foot drawdown.

Some ground water occurs in the conseolidated rocks as is
evidenced by springs discharging from them, Yields from wells
tapping these rocks probably would be small.

Movement

Ground watexr, like surface water, moves from areas of higher
head to areas of lower head. Unlike surface water, however, it
moves very slowly, commonly at rates ranging fxom a fraction of a
foot to several hundred feet per year, depending on the permeabil-~
ity of the deposits and the hydraulic gradient.

In Walker Lake Valley, ground water moves from recharge
areas along the valley margins to discharge areas in the valley
lowlands. The principal lateral direction of movement is toward
Walker Lake in the central part of the valley. Flow in Rawhide
Flats generally is toward the playa, which ig in the northwestern
part of the valley. '
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Recharge
Recharge from Precipitation within the Area

rart of the recharge to the project area is derived from
precipitation within the drainage basin. However, because mosk
of the precipitation is lost through evapotranspiration, only a
small percentage recharges the ground-water reservoir. The moun-
tains receive more precipitation than the lowlands, and according-
1y, contribute more runoff and recharge to the area. During the
spring as the snow melts, some of the resulting streanflow infil-
trates cracks in the consclidated rocks and moves toward the
valley as ground-water underflow. A small part of the precipitation
on the alluvial apron and some of the streamflow crossing the
alluvial apron also infiltrates the ground-water reservoir in the
alluvium. Because average annual precipitation on the valley
floors is small, virtually none infiltrates the ground-water reser-
voir, except during years of above-average precipitation when some
percolates downward te the ground-water reservoir.

Eakin and others (1951, p. 79-8l) developed a method of
estimating average annual recharge. The method is based on the
assumption that a percentage of the average annual precipitation
ultimately recharges the ground-water reservoir. Becausge of the
numerous variables that influence the percentage of precipitation
that becomes recharge in any particular locality, the camputations
based on this method provide only highly generalized estimates.

The precipitation map of Nevada (Hardman and Mason, 1949,
p. 10) has been adjusted to the improved topographic base maps
(scale 1:250,000) now available for the whole State. Hardman
showed that average annual precipitation is closely related to
altitude. This map was used to estimate the precipitation within
selected altitude zones.

Table 4 lists the altitude zones, the estimated average
annual precipitation, and the estimated percentage of the precipi-
tation in each =zone that ultimately recharges the ground-water
reservoir. The estimated average annual precipitation Ffor Walkex
Lake valley and the hydrologically separate Rawhide Flats is
410,000 and 75,000 acre-feel, respectively, and the estimated
average annual recharge is 6,500 and 150 acre-feet, respectively.
In the project area estimated recharge is only 1 to 2 percent of
the total precipitation, Very little ground-water recharge occurs
in the Lake subarea west of Walker Lake, because of the land
gradients are steep and the conseclidated rocks in many places ex-
tend to the lake. Accordingly, most runoff that might become
ground-water recharge flows over the consolidated rocks to the lake,

Seepage Loss from Walker River

Seepage loss from Walker River recharges the ground-water
reservoir, and most probably occurs in the spring and early summer

16,



when the stage of the river is highest. No seepage measurements
were made during the course of this investigation and the time
and place of losses were not determined. Most of the seepage
goeg to replenish the water consumed by evapotranspiration and
part is discharged downstream by underflow to the lake.

Subsurface Inflow

Subsurface inflow, or ground-water underflow, enters the
Schurz subarea.from Mason Valley, which is upstream along the
Walker River. Huxel (oral communication, 1966) estimated this
underflow to be about 600 acre-feet per year in the area where
Walker River flows into the project area, and 700 acre-feet pex
year at the alluvial divide approximately 3 miles southeast of
the river. Accordingly, the subsurface inflow from Mason Valley
is estimated to be about 1,300 acre-feet per year. Subsurface
inflow from the north (the Fallion area) to Rawhide Flat may occur,
but data is lacking to support such a conclusion.

Recharge Resulting from Irrigation

Az previously mentioned, Walker River water is diverted for
irrigation in the Schurz subarea. Some of the water percolates
downward beneath the ditches to the ground-water reservoir, and
some percolates downward beneath the irrigated fields. However,
all the water diverted in excess of crop needs does not percolate
downward to the ground-watex reservoir; some flows off the fields
into drainage ditches with discharge water back into the river.
The amount of ground-water recharge and return flow in the drain-
age ditches were not estimated in this study.

In the Walker Lake area, ground water is discharged by evapo-
transpiration and pumping.

Evapotrangpiration

Ground water discharged by evapotranspiration is consumed by
phreatophytes and evaporates from arxeas of bare soil, The area
of evapotranspiration is shown on plate 1. The principal phreato-
phytes are cottonwood, meadowgrass, greasewood, rabbitbrush, and
willow bushes. Cottonwood grows principally along the banks of
the Walker River,.

Table 5 lists the estimated average annual evapotranspiration
for each area and subarea. Thesgse estimates are based on rates of
evapotranspiration in other areas, as determined by Lee (1912),
Wwhite (1932), Young and Blaney (1942), and Houston (1950). The
e&timated weighted average annual evapotranspiration of ground
water in the gchurz subarea for the period 1908-65 was about
17,000 acre-feet; excluding Walker Lake, it is about 800 acre-feet
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in the hLake subarea: and in the Whisky Flat-Hawthorne subarea about
3,000 acre-feet--a total of about 21,000 acre-feet. 1In the Rawhide
Flats area the estimated evapotranspiration of ground water is
about 800 acre~feet per year. '

Punpage

pumpage in the report area is from 12 large-diameter wells
near Hawthorne, a few irrigation wells in Whisky Flats, domegtic
wells in the Schurz subarea, and stock wells scattered throughout
the area.

The annual discharge by municipal wells of Hawthorne, Naval

Armmunition Depot wells, and local domestic wells near Hawthorne
for the period 1962-65 is listed in the following tabulation:

annual discharge

Year {acre-feet)
1962 390
1963 340
1c64 €20
1965 £410

For this period the average annual discharge by wells was about
440 acre-feet per year and was used mainly to supplement the
supply from streams in the Wassuk Range. pPrior to the construc-
tion of the Naval Ammunition Depot in 1930, little ground water.
was pumped.

At present about 100 acres in Whisky Flats areiheing irrigated
from wells. The estimated discharge in 1965 was about 300 acre-
feet. Domestic and stock wells are numerous in the Schurz subarea
and Rawhide Flats. However, the average annual pumpage is esti-
mated to be not more than 200 and 100 acre-feet, respectively. For
thy: poriod 1%08-65 the avoersgs annual pumpage for all uson probab-
1y noo not cxeoesdod 400 acr.-feot por yoar.

Storage
Estimated Storage Capacity

The amount of ground water in storage in the Walker Lake area
is equal to the veolume of saturated material multiplied by the
specific yield of the material. Specific yield is the ratioc of
(1) the volume of water that will drain by gravity from the zone of
saturation to (2) the volume of the saturated material drained,
commonly expressed as a percentage (Meinzer, 1923).

Tn the wWalker Lake area, the specific yield of the uppermost
100 feet of saturated material is assumed to average about 10
percent. However, in the area near Hawthorne, the coarse material
reported on well logs suggest that it may be as high aa 15 percent

18.



S

{table 10). 'The arca mapped as alluvium having 100 feet or more

of saturated thickness is estimated to be about 75 percent in the
Whisky Flat-Hawthorne subarea, the Schurz subarea, and Rawhide
Flats, and about 50 percent in the Lake subarea, This is based on
topography, the subsurface distribution of the alluvium, and the
shape of the arcas, For example, a long narrow valley would have

a larger percentage of alluvium near bedrock where the thickness of
the alluvium may not be 100 feet. The areas mapped as alluvium

on plate 1, the areas used to compute storage, and the estimated
amount of stored water are summarized in table 6.

Although the estimates of ground water in storage are large,
the amount where the depth to water is less than 100 feet and
where suitable land is available for cultivation is appreciably
less. Also, in the Schurz subarea some of this water is highly
mineralized and is unsuitable for irrigation or domestic uses. The
amount of usable ground water in storage that is economically
available depends in part on the distribution of water-storing
deposits, the distribution and range in chemical guality oiff the
ground water, and the number and distribution of pumped wells,

19,
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Table 6.--Estimated stored water in the upper

. 100 feet of saturated alluyium
- Area having 100 feet or more:  Lstimated
Alluvial area: of saturated thickness sstored waterls

_-lacres) i (percentage) : (acres) _ :  (acre-feet)

WALKER LAKE VALLEY

Whisky Flat-Hawthorne subarea

120,000 75 90,000 a 900, 0Q0

Lake subarea {east sgide)

20,000 50 10,000 a 100,000

Schurz subarea

200,000 75 150,000 a 1,500,060

. Total - _ T

. {rounded) 340,000 250,000 2,500,000
RAWHIDE FLATS :

72,000 75 54,000 a 540,000

1. Bascd on an assumed specific yield of 10. percent.

a. May include some water of poor or marginal quality.
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Natural Depletion of Ground Watex in Storage

As previously stated, water levels in Walker Lake have
declined 105 feet between 1908 and 1965. As the lake levels de-
clined the water table also declined, beacause the lake and the
ground-water reservoir are hydraulically connected, Thus, there
hasz been a loss of ground water in storage largely by evapotrans-
piration and drainage to the lake, For the period 1908-65 ground
water has been lost from storage over an area about 8 miles long
and 5 miles wide south of Walker Lake. The average lowering of
the water table over this area was roughly 40 feet, Azguming a
specific yield of about 15 percent, pased on types of materials
reported in the logs of a few wells, about 100,000 acre-feet of
ground water has been lost from storage, oxr about 1,800 acre~feet
per year. Data are not available on the decline of ground-water
levels north and east of Walker Lake. However, it is estimated
that the leoss in ground-water sgtorage in these two areas gince
1508 has amounted to abeout 50,000 acre~feet, or about 1,000 acre-
feet per year, Accordingly, the estimated average annual loss
in ground-water storage in Walker Lake valley since 1908 has been
roughly 3,000 acre-feet per year.

24.



WATER BUDGET

The water budget is a quantitative evaluation of the flow
system in which all items of inflow, ocutflow, and changes in the
amount of water in storage are listed. In Walker Lake Valley, the
water budget for the period 1908-65 can be expressed by the fol-
lowing egquation: Inflow minus cutflow equals the net loss of
water in storage, The 1908-65 periocd was chosen becatise of the
availability of Walker River sStreamflow data and Walker Lake stage
measurements,

Table 7 shows the water budget as computed by two independent
methods: first, the depletion shown by the difference between
inflow and outflow; and second, the depletion shown by direct
estimates of the decrease in storage of the lake and ground water.
T£f all elements of inflew, ocutflow, and storage depleticn were
accurate, the difference (3) between total inflow (1) and total
outflow (2) would be egual to the direct estimate of decrease in
storage (4)}. The imbalance of 16,000 acre-feet is a result of
the limited available data, €rrors in the estimates of all com-
ponents of the water budget, or unresolved hydrologic problems.

In Rawhide Flats the average annual recharge and discharge
are 150 acre-feet and 800 acre-feet, respectively. The large
imbalance may be due to ground-water inflow froit adjacent areas
which are topographically higher and which have higher water
levels, possibly the Fallon area teo the north.

25,



Table 7.--water budget for Walker Lake Valley

57—yearmé¥éra§gmm“

Budget element (acre-feet per year)
Inflow:
Wailker River discharge at Wabuska (table 2) 140,000
Local runoff into Walker Lake (p. 9) 3,000
Ground-water recharge (table 4) 6,500
Subsurface inflow {p. 17) 1,300
Precipitation on Walker Lake (p. 7) 18,000
Precipitation on Weber Reservoir (p. 7) 400
Total (rounded} {1} 169,000
Cutflow:
Evaporation from Walker Lake (p. 14) 22Q5 000
Evaporation from Weber Reservoir (p. 14) 4,000
Bvapotranspiration in areasg of phreatophytes -
{table 5) 21,000
Consumptive use of water by irrigated crops
{(p. 13} 10,000
Municipal and other uszes (p. 13) a 1,000
Punpage (p. 18) a 400
Total (rounded} (2} 256,000
Difference: (3) = (1) - (2) -87,000

Net decrease in storage:

Walker Lake (p. 14) -100, 000
Ground water (p. 24) -3,000
-103,000

Imbalance between methods: (5) = (3) - (4) 16,000

a., Possibly a total of 500 acre-feet per year or more percolates
ground water from lawn watering, sewage effluent, and irri-
gation water in the Hawthorne area.
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PERENNIAL YIELD

The perennial yield of a ground-water regervoir may he
defined as the maximum amount of water of usable chemical quality
that can be withdrawn economically each year for an indefinite
period of time. If the perennial yield is continually excesded,
water levels will decline until the ground-water reservoir is
depleted of water of usable quality, or the pumping lifts be-
come uneconomical to maintain. 7The perennial yield, therefore,
cannot excead the natural recharge to or discharge from an area.
Under conditions of actual development, however, the yvieldd may
be limited to the amount of natural discharge that can be econom—
ically salvaged for beneficial use.

Whisky Flat-Hawthorne Subayrea

Tn the Whisky Flat-Hawthorne subarea the estimated average
annmial recharge and discharge are 5,400 and 4,600 acre-feet,
respectively (tables 4 and 5). With proper well location most
of the natural supply probably could be salvaged. However, any
substantial drawdown of water levels near Walker Lake would in-
duce inflow of highly mineralized water from the lake. Thus,
with proper well location the prelininary egtimate of the peren-
nial yield is considered to be the average of the estimated
recharge and discharge, or probably not in excess of 5,000 acre-
feet.

T,ake Subarea

In the Lake subarea the estimated average annual recharge .
and discharge are 600 and 800 acre-feet, respectively (tables
4 and 5). Decause the discharge area occurs in a narrow stxip
along the east side of Walker Lake, any substantial pumping
would induce inflow of highly mineralized water from the lake.
Nevertheless, probably with proper well location the preliminary
estimate of the perennial yield is considered to be the average
of the estimated recharge and discharge, or net in excess of 700
acre-feet.

Schurz sSubarea

The perennial yield of the ground-water reservoir in the
Schurz subarea is largely indeterminate at this time because of
the existing hydraulic relation between the Walker River and the
ground-water system. Any substantial drawdown of water levels
caused by pumping near the river would induce recharge from the
river as long as any flow existed. Even if the 17,000 acre-feeat
of natural discharge (table 5) could be salvaged, it is a
relatively small part of the total water inflow to the Schursz
subarea, which on the average was somewhat more than 14G, 000
acre-feet per year for the period 1908-65 and more than 110,060
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acre~feet for the period 1948-65 (from inflow data shown in
tables 2 and 4, and p. 7,%, and 1l6). :

Rawhide Flats

With proper well location most of the natural discharge in
Rawhide Flats probably cculd be salvaged. The estimated average
annual recharge and digcharge are 150 and 800 acre-feet, res-
pectively (tables 4 and 5). These quantities are not equal,
because of the likelihood of subsurface inflow from an adjacent
area--probably the Fallen area to the north. Nevertheless, the
preliminary estimate of the perennial yield is taken ag the
average of the two, or roughly 500 acre-feet.
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DEVELOPMENT

The development of surface water in the. Schurz subarea prior
to the construction of Weber Reservoir in 1935, according to the
Mevada Indian Agency, consisted of irrigation of about 2,100
acres of alfalfa and pasture with Walker River water.  Howaver,
since the construction of Weber Regerveir a more consistent and
dependable supply of water has heen available for irrigation,
especially in late summer. Accerding to the Nevada Indian Ageucy,
present development consists of the irrigation of 6,280 acres of
mainly alfalfa and pasture. '

An estimated 2,000 acre-feet of runoff from the Wagsuk Range
is diveérted by the town of Hawthorne, +he Hawthorne Naval \
Anmunition Depot, and local ranchers for municipal, domestic, and
agricultural uses. The only significant ground-water development
is in the Whisky Flat-Hawthorne subarea. The towh of Hawthorne
and the Naval Ammunition Depot obtain part of their water sup-
plies from 12 wells near Hawthorne. Some ground water in this
area is also used for irrigation, In 1965 it was reported hy
the Sweetwater Cattle Company in Whisky Flat that 100 -acres
were being irrigated with approximately 300 acre-feaet of watex.

The ground-watex levels aleng the south and cast shores of
wWalker Lake have been declining about 1 fioot per year since 1908,
because of the lowering of lake stage. Therefore, any new wells
drilled in this area should penetrate a sufficient thickness of
saturated material to allow for about a l-foot per year drop in
water level for the expected life of the wells.
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CHEMICAL QUALITY

wWater samples were analyzed as part of the present study to
make a generalized appraisal of the suitability of the water for
agricultural and domestic uses and to help define potential
water-guality problems, Samples were collected . from wells,
springs, and from three locations on the Walker River. The anal-
yeses are listed in table 8.

Suitability for Agricultural Use

Accoxding teo the salinity Laboratory gtaff, U.S5. Deparlment
of Agriculture (1954, p. 69), the most significant factors with
regard to the chemical suitability of water for irrigation are
dissolved-solids content, the relative proportion of godium to
caleium and magnesium, and the concentration of elements and
compounds that are toxic to plants.  Disgsolved-solids content
commonly is expressed as "salinity hazard, " and the relative
proportion of sodium to calcium and magnesium 28 ratkalli hazard."”

sampling sites were chosen in the walker Lake area to achieve
the widest possible areal coverage, Most of the wells and springs
sampled yield water with a medium to high salinity hazard and a
low to medium alkali hazard (fig. 4). The boron content of two
of the seven samples analyzed exceeds 2 ppm (parts per million).
Water from wells 12/31-14al, 13/28-27cl, and 13/29-7al, and spring
13/29-25b1l in the Schurz subarea has a very high salinity and
alkali hazard. Accordingly, this water at best is marginal and
probably is unsuitable for irrigation.

The Walker River, which supplies virtually all the water
used for irrigation in the project area, wWas sampled in April
1966 at three locations below Weber Reservoilr. The salinity
hazard was low (fig, 4, points a, b, and c). Based on these
three samples, the water is suitable for irrigation.
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SODIUM {ALKALI) HAZARD

SALINITY HAZARD

Figure 4, —Classification of irrigation water in the Walker Lake area, basad on conductivity and

sodium-adserption ratio. (After 1.5, Department of Agriculture, 1054)
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Suitability for Domestic Uses

The limits recommended by the U,S. Public Health Service
(1962) for water used on interstate carriers for drinking pur-
poses commonly are c¢ited as standards for domestic use. Listad
below are some of the chemical substances which should not be
bPresent in water in excess of the listed concentrations where
more suitable supplies are available.

Concentration

Constitutents (parts per million}
Chloride (C1) 250

Iron {Fe) 0.3

Nitrate (NDB) 45

Sulfate (50;) 250

Fluoride {(F) a 1.7

Total dissolved solids 500 (1,000 permitted)

a. Varies with mean temperature in sense that higher temperature
resulits in more water intake.

The city of Hawthorne and the Naval Ammunition Depot obtain
their municipal water supplies from 12 wells near Hawthorne,
Wells 7/30-2<1, 8/30-18al, 8/30-2641, 8/30-27dl1, and 8/31-32bl
were sampled and all contajined sulfate in amounts significantly
larger than those recommended (table 8)}. Also, water f{rom well
8/31-32bl contained 6.8 ppm fluoride., Stock well 5/31-19%al and
domestic well 13/28-35al contain 2 pprn or mere of fluoride. Ex-—
cesgive fluoride in drinking water may be harmful to teeth,
egpecially those of children, and exceszive sulfate may have a
laxative effect. Ground water in parts of the Schurz subarea
also 1s unsuitable for domestic use because of the high sulfate,
chloride, and dissolved-sonlids content, For example, water from ..
well 13/29-7al contains 2,700 ppm sulfate, 1,440 ppm chloride,
and an estimated dissolved-gcolids content greater than 6,000 ppm.

variations in Water Quality of the Walker River

Chemical analyses of water at three locations on the Walker
River below Weber Reservoir, designated A, B, and C on plate 1
and a, b, and ¢ on figure 4, show that the water becomes more
highly mineralized ag it moves downstream. The specific con-
ductance increased from 518 micromhos per centimeter at station
A to 644 micromhos per centimeter at station ¢ (table 8). Sodium
and sulfate account for most of the increase. The small increase
in specific conductance is expected bhecause the samples were
collected in April before the start of the irrigation season,
However, during the irrigation season the specific conductance of
the water as it moves downstream probably increases due to the
return flow from irrigation.
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Water Quality and its Relation to the Ground-Water System

¢uality of ground water in the project area varies from
rlace to place. However, in general, the dissolved-szseolids content
is low 1in recharge areas in the mountains and increases as it
moves toward areas of discharge in the lower parts of the valley.
For example, in the Whisky Flat-Hawthorne subarea water from well
6/31~33b2 has a specific-conductance value of 450 micromhos per
centimeter, The source of much of this water probably is precipi-
tation on the Excelsior Mountains and Anchorite Hills. As the
ground water moves northward, it dissolves additional mineral
matter, and the specific conductance of water from wells 8/30-2641
and 8/31-32bl increased to 1,430 and 1,340 micromhos per centi-
meter, respectively. Although some chemical constituents in the
watexr in this area are derived from ground-water underflow from
the south, the large increase in specific conductance suyggests
that at least some chemical constituents are derived from lacus-
trine deposits which the wells penetrate.

Most of the ground water in the Whisky Flat-Hawthorne sub-
area is a sodium sulfate type. However, water from wells
6/31-33b2 and 7/30-2¢cl is a mixed calcium-sodium bhicarbonate
type. In the Schurz subarea most of the ground water is a sodium
bicarbonate type. However, water from well 13/28-15dl is a
calcium bicarbonate type, and water from well 13/28-26bl is a
mixed calcium-sodium bicarbonate type. Water from well 13/29-7al
iz a sodium sulfate type but also has a high concentration of

COLGY SO,
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NUMBERING SYSTEM FOR WELLS AND SPRINGS

The numbering system for wells and springs in this report
is based on the rectangular subdivision cf the public lands,
referenced to the Mount Diable base line and meridian. It
consists of three units: the first is the township north of the
base lines the second unit, separated from the first by a slant,
is the range east of the meridian; the third unit, separated fuow
the second by a dash, dosignates the section number. The section
number is followed by a letter that indicates the quarter section:
the letters a, b, ¢, and d dezsignate the northeast, northwest,
southwest, and southeast guarters, respectively. Following the
letter, a number indicates the order in which the well or spring
was recorded within the l160-acre tract. For example, well
7/29-10al is the first well recorded in the NBY sec. 10, T. 7 N.,
R. 29 E,, Mount Diablo base line and meridian.

Because of the limitation of space, wells and springs are
identified on plate 1 only by the section number, guarter section
letter, and number. Townsghip and range mumbers are shown along
the margins of the area on plate 1.
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Table 10.--Drillers' logs of selected wells

Thickness Depth
Material (feet) RT3 = )

5/31-3cl
clay, sandy 10 1o
Clay, brown 2 12
Gravel, loose 3 15
Rock 5 v 20
Gravel and clay 30 50
Rock 1 51
Gravel, locse and clay = ' 60
Clay 10 70
Gravel, loose 30 100
Clay 10 110
Clay, sandy 1z 122
Sand, loos=e 14 136
Rock 1 137
Gravel, loose 33 170
Gravel and clay 10 130
5and, loose 30 210
Sand 10 , 220
Sand, looge 17 237
Rock 3 240
Sand, loosze 30 270
Clay, smandy 20 290
Sand, loose . 105 395
6/31-33b1
Boulders 5 5
clay and sand 53 a8
Roock, wvolganic 1 549
Clay and sand, coarse 5] 110
Rock 2 112
Clay and sand 21 . 133
Clay, bentonite 6 135
Gravel, coarse 2 141
Clay . 3 144.
sand and stone layers 3 147
Gravel, coarse 3 150
sand and stone lavers 1 151
Clay and gravel 8 159
sand and stone layers 3 1oz
6/31-33b2
Surface wash a0 : a0
Sand a7 a7
Clay, gray 2 99
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Thickness bepth
~Material (feet) {(feet)

6/31-33b2~-continued
Sand, coarse 9 108
Clay, gray 9 117
Sand, fine 2] 123
Clay, gray 2 125
sand, coarse 7 132
6/31-33¢l
Sand and clay 135 135
Sand 25 160
Clay, sandy 20 180
Boulders, clay, and sand 102 282
Sand and boulders 3 285
7/29-10al
5ilt, gravel, and houlders 20 20
Clay, yellow, and gravel 33 53
Gravel, loose 17 70
Clay, brown, hard & 76
Gravel 19 oh
Granite 35 130
Grave]l 2 132
Granite 38 170
Boulders, large 20 190
Rock ' &0 250
8/30-3d1
Soil 8 g
sand and gravel 7 15
Sand 15 30
Clay, sandy 14 44
5and and gravel ) 50
Clay, szand, and gravel 20 70
Clay, blue 22 92
Sand, blue 1 93
Clay, brown, sandy 32 125
Clay, blue 67 192
Clay., brown 22 214
S5and and gravel- 2 2le
Clay, brown, sandy 6 222
gand and gravel 4 226
Clay, brown, sandy 1z 238
Clay, blue 58 296
Sand and gravel 10 306
Clay, blue 2 308

8 316

Sand and gravel
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Thickness - Depth

i Material (feet) _{feet)
. 8/30-3d1-~continued
Clay, blue 126 44z
Sand and gravel 10 452
Clay, blue, and sand, rine a4 60
Cclay, blue 58 518
gand, gravel, and c¢lay, blue 10 R28
Clay, blue 14 542
8/30-8dl
Topsoil 5 5
Clay, sand, and gravel 27 3z
¢gravel and clay, brown 11 43
Clay and gravel 27 70
Clay and sand, water 8 78
Clay, graeen 24 102
Clay, red. 30 132
Clay, sand, and gravel 6 138
Clay and sand 16 154
Clay, sand, and gravel 14 168
Clay and sand 10 i78
Clay, sand, and gravel 34 212
sand and gravel, water 2 214
T Clay, green 32 246
‘ c1ay, yellow 102 348
B Clay, blue, and sandstone 152 500
8/30-18al
Topsoil . iR 18
gand and gravel 8 26
Gravel and bouldersa 62 88
Clay, vyellow and gravel g a6
Sand and gravel 63 16l
Gravel 21 182
clay, yellow, and gravel 8 190
gand and gravel ‘ 12 202
Clay, yellow, and gravel 44 246
gand and gravel 1 24:7
Clay, gravel, and boulders 3] 253
Gravel 21 274
Sand, fine 5 279
Clay, gravel, and boulders 49 328
Sravel, cemented 8 336
Clay, gravel, and boulders 9 345
8/30-1841
gand, gravel, and boulders 180 190
. Boulders and sand, cemented 43 233
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‘Thickness Depth
Materjal (feet) {feet)

8/30~1841~-cont inued
Gravel 7 240
Boulders 20 260
Gravel, water 38 298
Sand, cemented 9 . 307
Bouldexrs 5 312
8/30-214)1
Topsoll 22 22
Sand, coarse, and gravel C 23 45
Sand, gravel, and boulders 4 49
Conglomerate 9 58
Sand, c¢onglomerate, and

gravel 17 75
Sand, gravel, and boulders 8 B3
Sand, hard, silt & B9
sand, coarse, and boulders 9 98
Sand, harxrd, silt 8 106
Gravel, coarse 6 112
Clay and gravel 30 142
Sand and gravel, water 40 182
Gravel and sand, coarse 40 222
Clay, brown, and sand 51 273
Sand and gravel 32 155
Clay, sand, and gravel 39 394
8/30-26d1
sand 35 35
Clay, yellow 4 38
Sand, packed 14 53
Sand and gravel, cemented 66 118
Sand and gravel 28 147
Sand, cemented 50 197
Clay, yellow 5 202
Sand and gravel, dry 40 242
Clay, yellow i4 256
sand, packed 20 276
sand and gravel 27 303
sand, fine 27 330
Clay, yellow, sandy 32 362
Sand, packed 38 400
Gravel 8 408
gand, fine a 412
Clay, yellow il 423
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4.

Thicknesgs Depth
Material (feet) (Ecat)

8/30~27¢1

sand and gravel 28 28
Gravel and boulders 119 147
Clay, sandy 5 152
Gravel and rocks 42 194
zand 9 2035
Rocks, large 27 230
Gravel and clay 18 248
Boulders 2 250
Gravel and rocks 9 259
Gravel and clay 10 269
Rocks and clay 8 277
Clay, gravelly 55 332
Sand and gravel, water 46 378
Gravel and clay 27 405
Gravel and rocks 9 414
Gravel and clay 23 237
tsravel, water 22 459
Clay, yellow 23 482
8/31-32bl

Topsoil 10 10
gand 17 27
Gravel 57 B4
Clay, yellow 42 126
Clay, yellow, sandy 21 147
sand, packed 109 256
Clay, vellow, sandy 8 264
Sand and gravel, fine 4 268
Clay, yellow, sandy 50 318
Clay, gravel, and boulders 37 355
Gravel 11 366
Clay, vyellow 5 371
Gravel, cemented 33 404,
Clay and gravel 8 412
Gravel, cemented 40 452
12/28-2a1

Topsoil 5 5
Gravel, cemented 100 105
Sand, water 7 112
Clay and gravel 118 230
Sand and gravel 22 252



Thickness . Depth

41.

__Material (feet) SRR & o.-.13 B
12/28-4d1

Topsoil 2 2
Sand . 2 4
Clay and gravel, cemented 4 8
Sand 4 12
Clay and gravel, cemented 16 28
Gravel, loose 4 32
Clay, dgray 16 48
Sand and gravel 26 74
13/28-36bl

Sand 5 [
Gravel 5 10
Ssand, fine 4 14
maicksand 6 20
Sand 45 65
Sand and gravel 5 70
Clay and sand 10 80
Clay, sandy 25 105
Sand and c¢lay 1 106
Clay, yellow ) 112
Clay, blue, and sand a8 120
Sand, tight 4 124
¢lay, blue, and sand 1 125
gand, coarge 15 140
Sand, coarse, tight 15 155
‘Clay, blue 6 161
sand, loose 4 165
Sand, coarse 3 168
Sand, hard £ 176
Clay, hard, and sand 14 120
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LIST OF PREVIOUSLY PUBLISHED REPORTS IN THIS SERIES

Report Report
Ne. Valley No. Valley
1 Newark (out of print) 26 Edwards Creek
2 Pine {out of print) 27 Lower Meadow Patterson
3 TLong (ocut of print) Spring (near Panaca)Panaca
4 Pine Forest " Eagle Clavex
5 Imlay area (out of print) " Dry
6 Diamond ({out of print) - 28 sSmith Creek and TYone
7 Desert 29 @Grass (near Winnemucca)
8 Independence 30 Monitor, Antelope, and Kobeh
9 Gabbs 31 Upper Reesge

10 Sarcobatus and Oasis 32 Lovelock

11 Hualapai Flat 33 spring (neax Ely) (out of

12 Ralston and Stonecabin print}

13 Cave 34 Snake

14 Amargosa Hamlin

15 Long sSurprise Antelope
Massacre Lake Coleman Pleasant
Moszsquito Guano Ferguson besgert {out of print)

. Roulder 35 rHuntington

i6 Dry Lake angd Delamar Dixie PFlat

17 Duck Lake whitesage Flat {cut of print)

18 Garden and Coal 36 Eldorado - Piute valley

19 Middle Reese and Antelope (Mevada and California)

20 Black Rock Desert 37 Grass and Carice Lake
Granite Bas=zin (Lander and Eureka Co.)
High Rock Lake 38 Hot Creek
Summit Lake Little Smoky

21  Pahranagat and Pahroc Little Fish Lake

22 Pueblo Continental Lake 35 Eagle valley (Ormsby County)
Virgin Gridley Lake

23 Dixie Stingaree
Fairview Pleasant
Eastgate Jersey
Cowlkick

24  Lake

25 Coyote Spring

Kane Spring
Muddy River Springs

44..
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PLATE 1.—GENERALIZED HYDROGEOLOGIC MAP OF THE WALKER LAKE AREA, MINERAL,LYON AND CHURCHILL COUNTIES, NEVADA






