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GROUND-WATER APPRAISAL OF ANTELOPE AND
MIDDLE REESE RIVER VALLEYS,
LANDER COUNTY, NEVADA.

by
E, G. Crosthwaite.

e e s e

SUMMARY

Antelope and Middle Reese River Valleys are underlain by valley fill,
which is the principal source of ground-water supply. For Antelope Valley the
estimated average annual recharge and discharge is in the range of 7, 000 to
11, 000 acre-feet, and the estimated perennial yield is about 9, 000 acre-feet;
pumpage in 1962 was about 700 acre-feet. For Middle Reese River valley the
estimated average annual recharge and discharge is about 14, 000 acre-feet, and
the estimated perennial yield is the same; pumpage in 1962 was about 2,300
acre-feet, Most of the natural discharge from the two valleys is by underflow
through the valley fill, Because these valleys are hydrologically part of the
overall Reese River system, development in upstream areas may somewhat
reduce the supply reaching the study area; similarly, substantial development
in Middle Reese River valley may reduce the supply reaching downstream arcas.

Natural discharge could be reduced by pumping, but an appreciable thick-
ness of the saturated valley fill would have to be dewatered before any significant
reduction in natural discharge would occur, Pumping in Middle Reese River
valley probably will have very little effect on increasing discharge from Antelope
Valley, but if any significant lowering of water levels should occur in lower
Antelope Valley, discharge from Antelope Valley to Middle Reese River valley
would be reduced.

The amount of ground water in storage is estimated to be on the order of
10, 000 acre-feet per foot of saturated thickness of valley fill within an area of
100, 000 acres in the two valleys, This indicates that there is a very large amount
of ground water in storage which is available for pumping during periods of “
drought or other emergencies.

About 48 wells have been drilled for irrigation, Reported yields range

from 500 to 3, 200 gpm (gallons per minute) and drawdowns range from 7 to 130
feet. The average specific capacity of 12 wells in Antelope Valley is 100 gpm per
foot of drawdown and the average of 12 wells in Middle Reese River valley is 60
gpm per foot of drawdown. Computations suggest that a well in Antelope Valley
pumping 2, 000 gpm for 100 days may affect water levels as far away as 14, 000
feet from the well, Under the assurned conditions a drawdown of about 2 feet may
be expected in wells half a mile from the pumped well.
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Three chemical analyses of ground water suggest that locally some of
the ground water rmay have a medium to high salinity hazard, Ground water
has been used for 12 years to irrigate alfalfa and meadow hay with no apparent
serious effects on these crops.

The U. 5. Bureau of Land Management has classified about 28, 600
acres as suitable for agricultural development and issued patents on about
1,200 acres., About 23, 000 acres are under Desert Land Entry applications,

Because of the rapid rate of ground-water development since 1959, an
intensive basic data program should be started to provide the necessary infor-
mation for future, more detailed studies and for administration of the two
valleys,

INTRODUCTION

The development of ground water in Nevada has shown a substantial
increasc in recent years. Part of this increase is due to the effort to bring
new land into cultivation. The increasing interest in ground-water develop-
ment has created a substantial demand for information on ground-water
resources throughout the State.

Recognizing this need, the State Legislature enacted special legisla-
tion {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, S. Geological Survey in cooperation
with the Nevada Department of Conservation and Natural Resources.

Interest in ground-water resources currently includes many areas and
is extending to additional areas almost continuously. Thus, the emphasis of
these studies is to provide as quickly as possible a general appraisal of the
ground-water resources in particular valleys or areas where information is
urgently needed. For this reason each reconnaissance study is limited severely
in time, field work for each area averaging about two weeks.

Additionally, the Department of Conservation and Natural Resources
has established a special report series to expedite publication of the results
of these reconnaissance studies, Figure 1 shows the areas for which reports
have been published in this series. This report, the nineteenth in the recon-
naissance series, describes the physical conditions of Antelope and Middle
Reese River valleys and includes observations of the interrelation of climate,
geology, and hydrology as they are related to the ground-water resources.
The report also includes preliminary estimates of the average annual recharge
to, discharge from, and the perennial yield of the two ground-water reservolrs.
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Location and General Features of the Area

Antelope and Middle Reese River valleys, in west~central Lander
County, Nev., lie within an area enclosed by about latitude 39°30' N, and
40915' N, and longitude 117°0' W. and 117035 W. (pl. 1}. Antelope Valley is
about 45 miles long and 12 miles wide and includes a drainage area of about
460 square miles, The long axis of the valley trends northward. Antelope
Valley is southwest of and tributary to Middle Reese River valley. DMiddle Reese
River valley, as here defined, extends northward about 20 tmiles from the mouth
of the Reese River canyon and includes a drainage area of about 320 square
miles, excluding Antelope Valley and the drainage area upstream from the
tmouth of the canyon, The maximum width of this part of the Reese River drain-
age area is about 25 miles. Reese River is an ephemeral stream that is tribu-
tary to the Humboldt River, about 30 miles north of the area; however, it
rarely discharges into the Humboldt River,

The lowest part of Middle Reese River valley is 4, 750 feet above sea
level and the lowest part of Antelope Valley is about 4, 900 feet.

The Shoshone Mountains form the east sides of both Middle Reese
River and Antelope Valleys, Crest altitudes of the Shoshone Mountains exceed
7, 000 feet above sea level in the Middle Reese River valley segment and
7, 500 feet adjacent to Antelap Valley. The Fish Creek Mountains bound the
northwest side of Middle Reese River valley and the north side of Antelope
Valley. Their crest altitudes average about 7, 000 feet with peaks above 8, 400
feet, The Augusta Mountains, having altitudes comparable to the Fish Creek
Mountains, form the west side of Antelope Valley. The New Pass Mountains
are at the south end of Antelope Valley, and bedrock spurs connect with the
Augusta Mountains to the north and the Shoshone Mountains to the east. The
highest altitude in the New Pass Mountains is almoat 9, 000 feet above sea
level.

Direct access to Middle Reese River valley is by paved State Highway
8A, which connects with U, S, Highway 40 to the north and U.S. Highway 50
to the south. A graveled county road provides access to Antelope Valley from
the Middle Reese River valley, and graded dirt roads connect the west and
south sides of Antelope Valley with adjacent areas,

Economic Development

Until recently both valleys were used principally for livestock range,
Two active ranches are in the Middle Reese River valley, and one ranch, now
largely unused, is in Antelope Valley. About a dozen wells and half a dozen
springs supply water for livestock, Mining used to be a principal part of the
economy in the nearby mountains, but now only one mine in the New Pass
Mountains is active,

Ground-water irrigation was started in about 1950 when two wells were
drilled--one to irrigate alfalfa on the Fish Creck Ranch and one to supplement

3.



the flow of the hot springs on the Hot Springs Ranch {fip., 5). The latter is

used to irrigate meadow and alfalfa. In 1959 eight irrigation wells were drilled
to test whether the valley fill could yield water in quantities sufficient for irriga-
tion, Five of the wells were drilled in Antelope Valley and three wells in

Middle Reese River valley. Since that time more than 50 applications for

desert land cntries have been filed with the U. S. Burecau of Land Management,
and the number may eventually reach 100, In 1952 about 18 wells supplied

some irrigation water to about 2, 500 acres of land. Probably about 2, 000

acres was harvested. About 50 irrigation wells have been drilled and several
more are planned.

Climate

The climate of central Nevada generally is semiarid in the valleys and
subhumid in the higher mountains. In the valleys precipitation and humidity
are generally low, and summer temperatures, wind movement, and evapora-
tion rates are high, Precipitation is greatest in the higher mountains. Most
of the winter precipitation occurs as snow and is moderately well distributed
over several months, Summer precipitation commonly is localized as thunder-
showers. The range in temperature is large, both daily and seasonally. The
growing season is relatively short.

Precipitation has been recorded at Austin, about 30 miles south of the
project area, since 1877, but the record has broken perieds from 1879-90,
1898-1900, and 1908-11. The average annual precipitation for the period of
record is 12,06 inches. The precipitation record at Battle Mountain, about
30 miles north of the project area, has been continuous since 1870, Average
annual precipitation at Battle IyJountain is 6. 64 inches, Maximum precipitation
occurred at Austin in 189! when 21,07 inches was recorded, and the minimum
was 5.90 inches in 1959, At Battle Mountain, the maximum precipitation
recorded was 14, 03 inches in 1884 and the minimum was 2,40 inches in 1918.
The average monthly and annual precipitation is given in table 1,

' Generally, precipitation on the floors of Antclope and Middle Reese
River valleys averages 8 inches or less, The average precipitation on the
surrounding mountains is much greater, and in the higher parts of the New
Pass, Augusta, Fish Creek, and Shoshone Mountains may exceed 20 inches.

The mean annual temperature for the period of record at Austin and
Battle Mountain is 47.5°F and 48, 8°F, respectively. Extremes of tempera -
ture at Austin for the period of record are 1059F on August 4, 1922, and
August 20, 1931, and -25°F on January 19, 1922. At Battle Mountain the
recorded extremes are 109°F on July 19, 1923, and ~-40°T on January 20,
1937, Mean monthly and annual temperatures at the two stations are shown
in table Z,




Houston (1950, p. 14, 16) lists the growing season in the Middle
Humboldt River (Battle Mountain) and Upper Reese River {Austin) areas as
: ‘ 120 and 117 days, respeetively. These data sugpest that the length of the
. growing season in Antelope and Middle Reese River valleys is about the
same (approximately May 26 to September 23}, Obviously, the growing
season varies considerably from vear to year in accordance with the
. weather pattern. Locally, the growing season will vary from place to
. place because of variations of topography, orientation, and exposure,
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Physiography and Prainage

Antelope Valley is an intermontane valley, is elongate in a northerly
direction, and is tributary to the Reese River. Itis a hydrologic and a
drainage unit surrounded by mountains, except on the northeast side where
ephemeral Cane Creek drains the valley through a narrow bedrock gap to
the Reese River, This stream is fed principally by runoff from the south
slope of the Fish Creek Mountain and the east slope of the Augusta Mountains,
Antelope and Gilbert's Creeks and other ephemeral streams which drain the
south part of Antelope Valley occasionally discharge water to Cane Creek.

The northern one-fourth of the valley floor has a gradient of about
20 feet per mile. The southern part of the valley is characterized by a
gentle northward gradient; however, many low hills rise several tens of
feet above the general land surface at several places. Many stream channels
extend across the slopes from the foot of the bordering mountains to the
valley lowlands,

The lowland of Middle Reese River valley ranges in width from | to
3 miles and slopes northward at an average gradient of about 15 feet per
mile, Alluvial fans rise from the valley floor and form aprons at the foot
of the bordering mountains. Several bedrock hills rise from a few to
several tens of feet above the valley floor. Reese River is an ephemeral
stream in most of the reach across the valley but its channel contains a
small perennial flow most of the time for a short distance below the Hot
Springs Ranch., The water is largely waste from irrigation.

Surface Water

No perennial streams occur in Antelope and Middle Reese River
valleys and Cane Creek and Reese River carry water only infrequently.
They comrmnonly flow only after intense thundershowers or during periods
of extremely rapid snowmelt, Persons working in and near the area report
that flow may occur for a few hours two or three times a year in the main-
stem channels. Thus, occasional flood flows of short duration enter and
cross Middle Reese River valley from Upper Reese River valley and from
Antelope Valley and discharge into Lower Reese River valley,

Record-breaking floods occurred in northeastern Nevada in February
1962 {Thomas and Lamke, 1962, p. 5) and the normally dry Reese River
flooded Battle Mountain, Reportedly, Antelope Valley and Upper Reese River

valley contributed a significant but unknown part of the flood flow, E.E. Harris

{oral communication, May 2, 1963} estimated that the peak flow in Reese
River Canyon, just upstream from Middle Reese River valley, was about 400
cubic feet per second. A flood of similar magnitude occurred in 1910,

Streamflow of short duration in Cane Creek and Reese River probably

contributes only a small amount of recharge to the ground-water reservoir
in Middle Reese River valley, For the most part the channel of Cane Creek

7.



"29-0Z61 WOIF SPIOISX [RUIEI )

8'8¥ TTOT £TLE LT6F TU09 S°0L 7€l €°F9 L'SS S°9F 6°'8¢ 8°TZC T1°'9Z JT UrEIumely
= oTiiEg

g °L¥ L°1¢ 0°8% ¥'6% 2°09 ¥'89 %'0L 9°'09 9°1S 8'CH 0°9f F'IE 9°87 j7 TBSnY

fenuiry  *33Q AoN *320 *3dsg *Hny Anr eunp feyy cadwy  crep ‘qeg  ‘ump UoT1IEIS

{nesang royjeox *gcn 2ul Jo splodax p xysrrand o IT)
sheTles I9ATY 9829y aTppIry pu sdooiny feau SUOTIIBIF OM] 1T
‘sToquezn? T saaxfep utl ‘sarmgeraduus) renuue pue Aryjuowt s8ersAay-- 7 SIqel

(Juimuriuon} 2961-0L81 PIODI Jo potzad *H S ‘¥ ‘'N 7t *I ‘G¢ 'o98 uoweI0TT 3897 ¢1C P APMINTY  *7

{Bumbiuos) z9- 161 PIOJaT Jo polIdd “E PR ¥ N 61 "L ‘6T 'O°C UOTEDOT '199 $4S 9 SPMIY T

¥9°9 ¥L® 98" [e' 82* 9I° ST FS* 6L SLT ¥9° 69" HL° i UIBIUNORY
2TH=d

90 °71 90°t 498°0 €6°0 8F'0 €S0 09'0 08°0 ¢RI FG'U 9FCI FPTI FICI ___,Mnﬂm?ﬂ«

TEnuuY *yag *aoN 300 tdeg *Sny Anr eungp Ay cady caen ‘g ‘wef uolelIs

{nesing Iayieap *S*n 29Ul Jo sprodal paystiqod woly)
fSADTTRA IBATY 2523y SppIfY pur adolajuy IBOU SUOIIEIS
oml 1 ‘sayour ur ‘uorleirdicaxd renuur pue Apyiumour sEBISAV-- T QL

" N
(N - ' .. " i " F
1 '
’ I
B .



'_»

is shallow and narrow and is cut in heavy soil. The channel of Reese River is
5 to 10 feet deep and 20 to 40 feet wide, The bottom and sides of the channel
consist of clay, sili, and fine sand containing a few small stringers of sand
and gravel, When the carrying capacity of the channel is exceeded, flood
waters spread over heavy fine~grained soils. The low permeability of the
material mantling the stream beds and flood plain suggest that seepage losses
during flood stages in Cane Creek and Reese River probably are low.

Fish Creek in the Fish Creek Mountains is a perennial stream and

Cottonwood Creek, also in the Fish Creek Mountains, probably has some
reaches that are perennial, but both streams are ephemeral in the lowlands.

GENERAL GEOLOGY

Ferguson, Muller, and Roberts {1951) mapped the geology of the
Middle Reese River valley and the northern part of Antelope Valley. Waring
(1917) prepared a reconnaissance geologic map of the Reese River drainage
basin, These two reports, field inspection, and photogeology techniques were
used in compiling the geology of the two valleys shown on plate 1.

In this report the geologic units are divided inte two general groups;
bedrock in the mountains and valley fill in the lowlands. The valley fill is
further divided into two major units, The distribution of the three units is
shown on plate 1,

The bedrock includes slate, gquartzite, limestone, and altered basic
lava flows and pyroclastic rocks of Paleozoic age; limestone, dolomite,
quartzite, shale, chert, sandstone, conglomerate, and granitic rocks of
Mesozoic age; and volcanic and clastic rocks of Tertiary age. Thesc rocks
crop out in the mountains and underlie the valley fill at depth,

The valley {ill includes some pyroclastic material, clay, silt, sand,
gravel, and marl of Tertiary age, and clay, silt, sand, and gravel of Quater-
nary age. The sedimentary deposits of Tertiary age are mogderately consoli-
dated, whereas the deposits of Quaternary age are largely unconsolidated.
The general character of the valley fill is shown by the drillers' logs in
table 8.

Bedrock in the Mountains

During Tertiary time the entire area probably was covered by
velcanic rocks, The older bedrock units now are exposed where erosion has
cut through them and where faulting has brought them to the surface. Rhyo-
lite is the dominant lava, andesite is common, and a few outcrops of basalt
were obaserved. They are interbedded with sandstone, tuff, and other debris
derived from the volcanic rocks, Ferguson, Muller, and Roberts {(1951)
estimate that the rhyolite and andesite attain a maximum thickness of 2, 500
feet in the Fish Creek Mountains, The sandstone and tuffaceous deposits
make the total thickness of the rocks of Tertiary age much greater. Faulting

8.
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and erosion have exposed small areas of the older bedrock at scattered locali-
ties throughout the area. The bedrock has been greatly deformed by folding

_and faulting, Most of the major faults occur at or near the foot of the moun-

tains along the contact between the bedrock and valley fill, Several major
faults are shown on plate 1.

Valley Fill

The older unconsolidated to partly consolidated sedimentary deposits
of the valley fill are of late Tertiary and Quaternary age and are comprised
of clay, silt, sand, and gravel, The older unit was deposited partly under
subaerial and partly under lacustrine conditions,

The younger alluvial deposits are of Quaternary age and consist of
gravel, sand, silt, and clay. Most of the younger unit was deposited under
subaerial conditions. The geologic features of the area and drillers' logs
(table 7) suggest that the deposits of Quaternary age are only a few hundred
feet thick,

Water-Bearing Properties of the Rocks

Rocks of Palecozoic and Mesozoic age have low interstitial permeability,
but transmit small amounts of water through joints and other fractures. How-
ever, the few carbonate rocks in the area may transmit water more freely
through joints enlarged by solution. The water issuing from the hot springs
in secs, 23 and 26, T, 27 N., R. 43 E., probably has moved through carbon-
ate rocks because calcareous sinter is being deposited by the springs.

The volcanic rocks and sedimentary deposits of Tertiary age exposed
in the mountains are moderately to well consolidated. These rocks have
some interstitial permeability but much of the lirnited arnount of ground water
in them moves through joints and other fractures. In general, the capability
of these rocks to transmit water probably is moderately low.

The older of the two units designated as "valley fill" on plate 1 prob-
ably has low permeability because it is derived principally from erosion of
the bedrock of Tertiary age and contains a high proportion of clay and silt,

It probably will not yield water readily to wells, Nevertheless, because of
its large volume, it probably contains a considerable amount of ground water
in storage.

The unconsolidated sand and gravel deposits of Quaternary age are
capable of transmitting ground water freely, However, the fine sand, silt,
and clay have low permeability and transmit water slowly, These depogits
contain a large volume of water in storage, As a whole the sand and gravel
deposits supply most of the water to wells in Antelope and Middle Reesge River
valleys.,

9.



GROUND-WATER APPRAISAL

General Conditions

The source of almost all the ground water in Antelope and Middle
Reese River valleys is precipitation on their drainage basins. Some of the
precipitation is evaporated from the land surface, some is transpired by
vegetation, and some runs off as surface water. The remainder of the pre-
cipitation becomes ground-water recharge. Because the mountains receive
more precipitation than the lowlands, they contribute a larger part of the
recharge. Some precipitation on the mountains percolates downward and
laterally to the ground-water reservoir in the valley fill, In addition, some
ground-water recharge results from infiltration of runoff in stream channels.
Very little precipitation on the valley floors infiltrates to the ground-water
reservoir largely because of the small arnount of precipitation,

Ground water generally moves from the recharge area on the flanks of
the mountains toward the axis of the valleys and then northward, In the north-
ern part of Antelope Valley ground water moves eastward to the Middle Reese
River valley. A very small amount of ground-water underflow from the Upper
Reese River valley moves through the alluvial fill in Reese River canyon and
discharges into the Middle Reese River valley.

The water-level contours on plate ! show the general position and con-
figuration of the water table in two areas where reasonable hydrologic control
is available. The water-level gradient is very low in Antelope Valley largely
because of the bedrock constriction in the mouth of the valley., This constric-
tion reduces the cross-sectional arca of the valley fill which in turn reduces
the amount of water that can be transmitted through it. One response to the
reduction in cross-sectional area is a local steepening of the water-level
gradient in the constriction as shown on plate 1, Also, the constriction causes
the water level to be close to land surface, and some ground water is dis-
charged by phreatophytes immediately west of the constriction. FEast of the
constriction the cross-sectional area of the valley fill increases, thereby
causing an increase in the depth to water.

A somewhat similar constriction occurs at the north end of Middle
Reese River valley. However, the constriction is not as narrow, and the
thickness of the valley fill is inferred to be greater than at the mouth of
Antelope Valley, The constriction causes the water table to be near land
surface in and immmediately south of the constriction, and some ground water
is transpired by phreatophytes.

The depth to water in the valley fill in Antelope Valley ranges from
about 20 feet below land surface at the bedrock constriction to about 460 feet
in well 21/41-24bbl near the south end of the valley. However, the depth to
water probably is greater south of well 21/41-24bbl, The depth to water in
the northern part of Antelope Valley where development of ground water for
irrigation is occurring, ranges from about 20 to 130 feet,

10,



Depth to water in the valley fill in Middle Reese River valley ranges
from about 15 feet along the Recse River near the south line of T. 27 N. to
about 120 feet at the south end of the valley and about 150 feet near the upper
edges of the alluvial fans east of State Highway 8A.

Estimated Average Annual Recharge

According to Eakin (1962b, p, 11):

""The average annual recharge to the ground-water reservoir
may be estimated as a percentage of the average annual pre-
cipitation within the valley (Eakin and others, 1951, p. 79-81),
A brief description of the method follows: Zones in which the
average precipitation ranges between specified limits are
delineated on a map, and a percentage of the precipitation is
assigned to each zone which represents the probable average
recharge from the average annual precipitation on that zone.
The degree of reliability of the estimate so obtained, of
course, is related to the degree to which the values approxi-
mate the actual precipitation, and the degree to which the
assumed percentages represent the actual percentage of
recharge, Neither of these factors is known precisely
enough to assure a high degree of reliability for any one
valley. However, the method has proved useful for recon-
naigssance estimates, and experience suggests that in many
areas the estimate probably are relatively close to the actual
long-time average annual recharge,

"The precipitation map of Nevada {Hardman and Mason, 1949,
p. 10} has been modified by Hardman (oral communication,
1962) in part to adjust to recent topographic base maps for
the region, " : ‘

Hardman's and Mason's map is the same base used for plate 1 of this
report. The range in elevation was great enough to conveniently divide the
report area into five precipitation zones: The 5, 000-foot contour interval
divides the zone of less than 8 inches of precipitation from the zone of 8 to
12 inches of precipitation, the 6, 000-foot contour divides the 8 to 12 from
the 12 to 15, the 7, 000-foot contour divides the 12 to 15 from the 15 to 20,
and the 8,000-foot contour divides the 15 to 20 from the more than 20 inches,

The average precipitation used for the respective zones, beginning
with the zone of 8 to 12 inches of precipitation, is 10 inches (0, 83 foot),
13,5 inches (1. 12 feet), 17.5 inches (1.46 feet), and 21 inches (1. 75 feet).

Eakin (1962a, p. 7) estitnates that the recharge, as a percentage of
the average annual precipitation for each zone is as follows: less than 8
inches, 0; 8 to 12 inches, 1 percent; 12 to 15 inches, 7 percent; 15 to 20
inches, 15 percent; and rnore than 20 inches, 25 percent.
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Tables 3 and 4 sumrarize the recharge computations, The approxi-
mate recharge {column 5) for each zone is obtained by multiplying the figures
in columns 2, 3, and 4, Thus, for the zone receiving more than 20 inches
of precipitation in Antelope Valley, the computed recharge is'1, 100 acres -
x 1,75 feet = 0, 25 (25 percent) = about 500 acre-feet. Accordingly, the
estimated average annual ground-water recharge derived from precipitation
in Antelope Valley is about 11, 000 acre-feet, and in Middle Reese River
valley is about 7, 000 acre-feet,
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Table 3, -~Estimated average annual ground-water recharge
from precipitation in Antelope Valley.

Approximate Average Estimated
Precipitation area of annual Percent recharge
. zone . mone - precipitation recharged {acre-feet)
3 (inches) {acres) ' {feet) (2x3x4< 100)
. 20+ 1, 100 1.7 25 500
15-20 12, 000 1. 46 15 . 2, 600
1215 89,000 1,.2 7 7, 000
8-12 146, 000 .83 1 1,200
8- 42, 000 .5 0 0
290, 000 . Estimated average
(460 sq, mi.) annual recharge ‘
' {rounded) 11,000
; . : Table 4. -~Estimated average annual ground-water recharge

from precipitation in Middle Reese River valley

Approximate Averape " Estimated
Precipitation area. of annual —  Percent recharge
zone zone precipitation recharged {acre-feet)
{inches) {acres) (feet) ' (Zx3x4; 100)
204 470 1,75 25 200
15-20 9,300 1.46 15 2, 000
12-15 46,300 Col.1z 7 3, 600
8-12 91, 000 . 83 1 800
27 &= 58, 400 ' 5 0 : 0
205, 500 : Estimated average
(320 sq. i, ) annual recharge
. ’ : , {(rounded) 1, 000
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Estimated Average Annual Discharge

Some ground water is discharged from both Antelope and Middle Reese
River valleys by transpiration of water-loving vegetation (phreatophytes)
and some is discharged by wells, but most of the water is discharged by
underflow to the Lower Reese River valley.

The amount of ground water discharged by phreatophytes is estimated
by considering the area covered, types of phreatophytes, density, and depth
to ground water. As shown on plate 1, the areas of evapotranspiration
are in the northern parts of both Antelope and Middie Reese River valleys,
and cover 5, 000 and 15, 000 acres, respectively, The principal phreatophyte
is greasewood, which has a low to moderate density in Antelope Valley and
a moderate to high density in Middle Reese River valley. The depth to
water in both areas ranges from about 10 to 65 feet. These factors suggests
that the average use of water by greasewood is roughly 0.1 foot per year in
Antelope Valley and 0.2 foot per year in Middle Reese River valley; or 500
acre-feet and 3, 000 acre-feet per year, respectively,

The source of the water discharged by hot spring 27/43-23ad] is not
known (fig. 5), but part if not all of it probably fell as precipitation in the
report area, percolated to great depth, became heated, and then rose through
fractures associated with a fault passing through the spring area. Although
the water could have migrated from adjacent basins, it is assumed that all
the water discharged originates in the report area; it is consumed by evapo-
transpiration in the vicinity of the spring.

The estimated gross pumpage in Antelope and Middle Reese River
valleys in 1962 was 4, 000 acre-feet, including about 25 acre-feet of stock
water. About 3, 000 acre-feet probably was used consumptively by crops
and evaporated from ditches and bare s0il; about 1, 000 acre-feet is assumed
to have percolated downward to the ground-water reservoir, Thus, the
estimated net pumpage in 1962 was about 3, 000 acre-feet, about crie~fourth
of which was pumped in Antelope Valley and the rermainder in Middle Reese
River valley.

Ground water discharged by underflow through the valley fill from
Antelope Valley to Middle Reese River valley and from Middle Reese River
valley to Lower Reese River valley is the principal means of natural dis-
charge from both valleys, The underflow out of a valley can be calculated
by the formula:

Q=0,00112TIW

where Q= quantity of underflow in acre-feet per year, 0.00112 = factor to
convert gallons per day to acre-feet peyr year, T = coefficient of transmissi-
bility of the water-bearing formation =/, in gallons per day per foot,

= ground-water gradient, in feet per mile, and W = width of the section
through which the ground water moves, in miles,

1/ The coefficient of transmisgibility is defined as the flow of
water in gallons per day through a section of the aguifer
1 mile wide under a hydraulic gradient of 1 foot per mile,
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The transmissibility in the above equation can be estimated from the
specific capacity 2/ of a well by a method developed by C, V. Theis and
others (1954}, The average specific capacity of 12 wells in Antelope Valley
in 1963 was 100 gpm per foot of drawdown, which suggests a transmissibility
of about 200, 000 gpd per foot. The average of 12 wells in the Middle Reese
River valley was 60 gpm per foot of drawdown, which suggests. a.transmissi-
bility of about 120, 000 gpd per foot.

Assuming that hypothetical wells at the mouth of Antelope Valley
would have a specific capacity of 75 gpm per foot of drawdown, which is inter-
mediate between the indicated values for the two valleys, then the transmissi-
bility is computed to be about 150, 000 gpd per foot (Theis and others, 1954,
fig. 2). The hydraulic gradient, determined from the water-level contours
on plate 1, is about 30 feet per mile. The width between the bedrock outcrops
on either side of the constriction is about 1 1/2 miles; however, the width of
the saturated cross section of the valley fill is slightly less and is interpreted
to be about 1 1/4 miles, By substituting the above values into the equation,
underflow from Antelope valley to Middle Reese River valley is computed to
be about 6, 000 acre-feet per year,

The same method is used to compute discharge from the Middle to the
Lower Reese River valley. From specific capacity data, the transmissibility
is asswmed to be about 100, 000 gpd per foot; the hydraulic gradient is about
40 feet per mile, and the width of the saturated cross section is about 2 miles,
Thus, the underflow is computed to be about 9, 000 acre-feet armmually.

Table 5 summarizes the estimates of recharge and discharge for the
two valleys, Theoretically, the average annual recharge should equal the
average annual discharge in a ground-water system, The fact that the
estimated values of recharge and discharge for Middle Reese River valley
are equal probably is fortuitous. Indeed, the divergence of values indicated
for Antelope Valley is more typical of the results obtained in a brief reconnais-
sance auch as this study. Nevertheless, this reconnaissance suggests that the
estimates are of about the right order of magnitude,

2/ The gpecific capacity of a well is defined as the yield
in gallons per minute per foot of drawdown.
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~ Table 5. --Estimated average annual recharge to and discharge
. _ from Antelope and Middle Reese River Valleys,

Middie Reese -
Antelope Valley'. River valley

AT

e 7 _lacre -feet) . (acre-feet)
RECHARGE
Precipitation 11, 000 | T 7,000
Underflow from Upper Reese River
valley (assurned) - : 500
Underflow from Antelope Valley - 6, 000
Total {rounded) 11, 000 : 14, 000
DISCHARGE
Underflow from the Yvalleys 6, 000 2, 000
. : Phreatophytes (evapotranspiration) - 500 3,000
Wellg (pumpage) | & 700 22,300
Totals (rounded) 7, 000 14, 000
Difference: Recharge minus discharge 4, 000 0

a. Pumpage probably in large part from storage,
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Perennial Yield

Eakin (1962a, p. 16) states:

"The perennial yield of a ground-water system is limited ulti-
mately by the average annual recharge to and discharge from the
aquifer system. It is the upper limit of the amount of water that
can be withdrawn for an indefinite period of time from an aquifer
system without causing a continuing depletion of storage. The aver-
age recharge from precipitation and the average discharge by evapo-
transpiration, discharge to streams, and underflow from a valley are
measures of the natural inflow and cutflow from the aquifer system.

"In an estimate of perennial yield, consideration should be given
to the effects that ground-water development by wells may have on
the natural circulation in the ground-water system. Development
by wells may or may not induce recharge in addition to that re-
ceived under natural conditions, Part of the water discharged by
wells may reenter the ground-water reservoir by downward percola-
tion, especially if the water is used for irrigation, Ground water .
discharged by wells usually is offset eventually by a reduction of
the natural digcharge. In practice, however, it is difficult to off-
set fully the discharge by wells by an equal decrease in the natural
discharge, except when the water table has been lowered to a level
that eliminates both underground outflow and evapotranspiration in
the area of natural discharge. The numerous pertinent factors are
so complex that, in effect, specific determination of perennial yield
of a valley requires a very extensive investigation, based in part on
data that can be obtained economically only after there has been sub-
stantial development of ground water for several years,"

For the purposes of this reconnaissance it is assumed that the peren-
nial yield is equal to the averape of the estimated recharge to and discharge -
from each valley; that is, 9, 000 acre-feet for Antelope Valley and 14, 000
acre~feet for Middle Reese River valley. Because of possible inaccuracies
in the estimated values used, the perennial yields may be several thousand
acre-feet more or less than the estimates made herein, Full developrnent
of the supply in Antelope Valley and the consequent lowering of water levels
eventually would result in a reduction in underflow from Antelope Valley to
Middle Reege River valley. In turn this would reduce the recharge to and,
of course, the perennial yield of Middle Reese River valley. In other words,
if all the estimated &, 000 acre-feet of underflow moving from Antelope Valley
were intercepted, the estimated yield of Middle Reese River valley would be
veduced from 14, 000 to 8, 000 acre-feet (table 5, ).

Sturaﬁe

A large amount of ground water is stored in the valley fill of the two
valleys, Present data are not adequate to determine accurately the amount of
water in storage, but a rough approximation can be made to indicate its

17.



magnitude. The areal extent of the valley fill that is saturated with ground
water totals about 100, 000 acres in the two valleys., If it is assumed that a
reasonably thick section of saturated valley fill underliecs the 100, 000 acres
and further if it is assumed that the specific yield {drainage pore space) is.
10 percent, about 10, 000 acre-feet of ground water is in storage in each
saturated foot of valley fill. Thus, the upper 100 feet of saturated valley fill
alone would contain a million acre-feet of ground water in storage.

In an area where ground-water development is based on the perennial
yield, ground water in storage provides a reserve which can be used during
long periods of drought or temporary periods of high demand. This is an
important asset in arid regions where other sources of water supply vary
widely from year to yvear.

Effects of Pumping Wells

When a well is pumped, water levels in the vicinity of the well gre
lowered. Theis (1935, p. 519-524) developed an equation to compute the
drawdown at any point near the well at some specific time. As the use of
the equation is laborious, Theis (1952) also developed a chart for solving
the drawdown, in feet, at any point in the vicinity of the pumping well at a
given time, For the purpose of illustrating the extent to which water levels
may decline in the vicinity of a well in Antelope Valley, it is assumed that
the average coecfficient of tranamissibility is 200, 00D gpd per foot {p. 15),
and that the average coefficient of storage is 0.1, Itis further assumed that
the well 1s pumped continuously for 100 days {about the length of the growing
season) at a constant rate of 2, 000 gpm. The results of the analysis are shown
in figure 2, At the end of the pumping period the water level in the aguifer ten
feet irom the pumping well would have declined about 15 feet, and half a mile
away the water level would have declined about 2 feet. The effect of pumping
would extend almost 10, 000 feet from the purnping well, This analysis suggests
that irrigation wells half a inile apart will cause mutual interference affects
of several feet,

The effect of pumping in Antelope Valley on underflow through the
constriction between Antelope Valley and Middle Reese River valley also
should be considered in the development of the supply. Underflow through
this constriction presently is moving in response to a head differential of about
60 feet through the gap., I pumping in the arca immediately west of the gap
lowered water levels about 60 feet, underflow would become negligible, pro-
vided that water levels were not similarly lowered by pumping in Middle Reese
River valley, Pumpage in Antelope Valley near the gap would have to exceed
the estimated underflow of 6, 000 acre-feet per year to intercept most of the
ground water now moving through the gap to Middle Reese River valley,

As explained previously, a constriction also exists at the lower end of
Middle Reese River valley through which an estimated 9, 000 acre-feet per year
of underflow discharges to Lower Reese River valley, The apnual pumpage at
the lower end of the valley would have to equal or exceed this amount to inter-
aept the bulk of the underflow,
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Pumping in Middle Reese River valley will have little effect op the
water supply in Antelope Valley, unless the hydraulic gradient through the
gap is steepened appreciably; the increased underflow would vary directly
with the gradient. Water levels below the gap in Middle Reese River valley
would have to be drawn down several tens of feet before any noticeable in-
crease in underflow would occur,

Chemical Quality

The mineral constituents of ground water determine its suitability for
irrigation and other uses, In general, the dissclved-solids content is low in
recharge areas, and increases as water dissolves and retains soluble pro-
ducts of rock weathering and decomposition enroute to areas of discharge.
Evaporation and transpiration tend to concentrate soluble salts in the water
that remains in the ground. The use of water for irrigation increases the
content of soluble salts, As the water moves across the fields, part is
evaporated, part is consumed by the vegetation, and part percolates back
into the ground,

Table 6 gives the analyses of water from three wells and hot spring
27/43-23acl in Antelope and Middle Reese River valleys. The maximum
concentration of certain constituents which determine water of acceptable
quality by the U. S, Public Health Service are shown in the table alzo. The
iron content of water from well 26/43-22¢dl probably would stain clothes
and porcelain bathroom fixtures, and the fluoride content of 3,9 ppm {parts
per million) in the Hot Spring would tend to cause mottled teeth in children,

- The analyses suggest that, in general, the sodium hazard of the
ground water is low, but it may have a medium to high salinity hazard, accor-
ding to a method of c¢lassification suggested by the U. 5. Salinity Laboratory
Staff (1954, p. 79-80). Water of medium to high salinity hazard can be used
successfully if the s0il can be leached moderately and if salt tolerant crops
are grown, Boron in small quantities is essential to plant growth but amounts
in excess of about 4 ppm are toxic even to boron tolerant plants,

The analyses indicate that the ground water is suitable for stock pur-
poses,
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Table 6.--Chemical analyses of ground water in Antelope and
' Middle Reese River valleys
(chemical constituents in parts per million)

Antelope Valley Middle Reese River Valley . 5. Public

Constituent 24/40-13cdl 26/43.22cdl 26/43-74d1 27/43.23ac1t!  pHealth

Or property Service =
Silica, 5102 68,00 58. 00 54,00 39, 00 -— -
Iron, Fe . 02 « 04 02 . 02 - 0.3
Calicium, Ca 50 46 58 52 66 -
Magnesium, Mg 2.6 5.5 11 7.3 3,9 -
Sodium, Na 48 60 b 116 121 -
Potassium, K 7.2 8.0 6.2 20 - -
Bicarbonate,

HCO3 144 184 244 428 447 --
Sulfate, 504 30 53 98 62 63 250
Chloride, C1 16 46 30 21 24 250
Fluoride, F 0.6 0,4 0.9 3.9 - 1,33/
Nitrate, NO3 2.7 3,5 4.5 0.8  -- 454/

-Boron, B 0.2 0.2 0.5 0.6 -- -
Dissolved zolids 265 374 529 519 - --
- Hardness: Total A5 137 192 160 -~ --
Noncarbonate 0 0 0 0 - -
Percent sodium 62 47 51 58 56 -—-
Specific
conductance
micromhos at
25°¢ 345 554 812 825 1,043 -
pH 7.9 8.4 8.3 7.9 .- -
Temperature, °F -— -- ' 521 124 -- -
S5AR 2. 80 2022 2,98 3,95 3.6 -
REC 1.25 0.4 0,16 3.8 - -—
Class G2, 51 c2,5l1 C3, sl C3,51 (C3,31 --

l. The last analysis from Miller, Hardman, and Mason {1953, p, 44-45),

2. Drinking water standards announced by U.S. Public Health Service:
Title 42, part 72, paragraph 72,205 of Federal Register p. 2154,
dated March 6, 1962.

3. Recommended control limit for upper concentration ranges from 0,38 to 1.7
Ppm varying according te annual average maximum daily air temperature.
4. In areas in which the nitrate content of water is known to exceed 45 ppm, the
public should be warned of the potential dangers of using the water for infant
feeding.
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Development

Since 1950 ground water has been used to irrigate about 300 acres of
alfalfa and wild hay on two long established ranches. In 1959 considerable
interest was generated to develop part of the report area under the provisions
of the Desert Land Entry Act of 1877. According to the U.S. Bureau of Land
Management, about 28, 600 acres has been classified as suitable for agricul-
tural development in Antelope and Middle Reese River valleys, and patents
have been issued for about 1, 200 acres. Desert land entries have been filed
on about 23, 000 acres. As of April 1963, about 48 wells had been drilled for
irrigation (table 7). Several have yet to be equipped with pumps and power
plants. Four drilling machines are in the valley, and reportedly three are
active almost continuously. Reported yields of wells range from about 500 to
about 3,200 gpm, and drawdowns range from 7 to 130 feet (table 7). Many of
the yield and drawdown data are those reported when the wells were tested
and do not represent the yield produced by the permanent pumping eguipment,
Few well failures have been reported,

Crops grown are alfalfa, alfalfa and clover seed, small grains, and
pasture. According to Buhel Heckathorn (oral comrmunication, April 29, 1963)
of the Soil Conservation Service, Department of Agriculture, the following
approximate acreages were planted in 1962:

Small grain 600 acres
Alfalfa 1,000 7
Alfalfa seed 700 ¢
Clover seed 160 n
Pasture 200 n

Some crops were not harvested, and some farmers reported yields of
only 15 bushels of small grain to the acre. Apparently, some farmers obtained
fair to moderately good yields of hay and seed.

PROPOSALS FOR ADDITIONAL GROUND-WATER STUDIES

The magnitude of the proposed developmment as compared to the estima-
ted perennial yield of the valleys suggests that selected data should be collected,
synthesized, and interpreted to have a better understanding of the hydrologic
regimen and the effect that ground-water development will have on the regimen.
Hugh A. Shamberger, Director, Departranent of Conservation and Natural
Resources, State of Nevada, has requested that a program for future studies
be recommended, The proposed studies that would be useful in administrating
the ground-water resources in the Antelope and Middle Reese River valleys
and in similar areas of Nevada are listed below,

1. This report estimates the water supply available in Antelope and

Middle Reese River valleys. It also describes the eifect of development in one
valley on the supply in the other. Morcover, the affect of development in
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Middle Reese on the supply reaching Lower Reese River valley also is des~
cribed, Because the Upper, Middle, and Lower Reese River valleys and their
tributaries are all part of one large hydrologic system, substantial develop-
ment in upstream segments may deprive the downstream segments of a part of
their supply. The extent to which development will affect the system can be
determined only after studies have been completed on the entire Reese River
valley.

2. Cne important need is an chservation-well network to obtain water-
level data to define the natural amual cycle of fluctuations before substantial
ground-water withdrawals begin. These data are necessary fo identify artifi-
cial and natural water-level {luctuations, Although ground-water development
has begun, adequate water-level data can still be obtained. 