 STATE OF NEVADA
DEPARTMENT OF CONSERVATION AND NATURAL RESOURCES
DNISION OF W ATER RESOURCES

WATER RESOURCES-RECONNAISSANCE SERIES

REPORT 60

WATER-RESOURCES APPRAISAL OF RAILROAD AND
PENOYER VALLEYS, EAST-CENTRAL NEVADA

By
A.S. Van Denburgh
and

F. Eugene Rush

Prepared cooperatively by the
Geological Survey, U.S. Department of the Interior

1974



T

e

SRy o e

-
]
L=
. -
-
-
w
2
-




L WATER RESOURCES-RECONNAISSANCE SERIES

REPORT 60

WATER-RESOURCES APPRAISAL OF
RAILROAD AND PENOYER VALLEYS,

EAST-CENTRAL NEVADA

By
A. S. Van Denburgh
and

F. Eugene Rush

Prepared cooperatively by the

) Geological Survey, U.S. Department of the Interior

1973




FOREWORD

The program of reconnaissance water-resources studies was
authorized by the 1960 Legislature to be carried on by the Depart-
ment of Conservation and Natural Resources, Division of Water
Resources, in cooperation with the U.S. Geological Survey.

This report is the 60th report prepared by the staff of the
Nevada District of the U.S. Geological Survey. These 60 reports
describe the hydrology of 219 valleys.

The reconnaissance surveys make available pertinent informa-
tion of great and immediate value to many State and Federal agencies,
the State cooperating agency, and the public. As development takes
place in any area, demands for more detailed information will arise,
and studies to supply such information will be undertaken. 1In the
meantime, these reconnaissance-type studies are timely and adequately
meet the immediate needs for information on the water resources of
the areas covered by the reports.

Roland D. Westergard
State Engineer

Division of Water Resources

1974
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WATER-RESOURCES APPRAISAL OF RAILROAD AND PENOYER VALLEYS,

EAST-CENTRAL NEVADA

By A. S, Van Denburgh and F. Eugene Rush

SUMMARY

The 3,452~-square-mile study area lies in the Great Basin, south
of Eureka. Altitudes range from 11,513 feet atop Currant Mountain
"to 4,706 and 4,738 feet at the lowest points in Railroad and Penoyer
Valleys, respectively. Precipitation averages about 5 inches per
year at lowest altitudes, and more than 20 inches in the highest
areas. Railroad Valley contains three large spring groups: Big
Warm Spring at Duckwater, with a flow of about 13 cfs (cubic feet
per second), the second largest in Nevada; Blue Eagle Spring south
of Currant, flowing about 4 cfs; and the several springs at Lockes,
totalling about 3 cfs. The valley also boasts the only oil produc-
tion in Nevada, at the small Eagle Springs Field south of Currant.

Table 1 summarizes the quantitative hydrologic character of
each valley. Annual water use in the valleys as of 1972 included
the following: Irrigation, which is restricted to Railroad Valley,
consumed about 14,000 acre-feet of ground water (mostly springflow)
and about 1,500 acre-feet of water from Currant Creek; flooding for
waterfowl habitats in Railroad Valley consumed about 1,300 acre-feet:;
domestic use totaled 10-15 acre-feet, all but a fraction of which
was in Railroad Valley; livestock used on the order of 20-30 acre-
feet in Railroad Valley and less than 10 acre-feet in Penoyer Valley;
and the oil field produced about 20 acre-feet of brine as a byproduct
of the oil.

The chemical character of water in the report area is variable.
Except beneath and immediately adjacent to the three playas, where
salinity is excessive, most ground water is relatively dilute
(specific conductance characteristically ranges from 300 to 800
micromhos). The dissolved solids are dominated by bicarbonate and
either calcium or sodium. In some parts of northern Railroad Valley,
the water is fresher at depth than in the uppermost waterbearing
zones. Stream waters resemble the ground waters, or diluter versions
thereof. For domestic use, the excessive hardness of many waters
and the unsuitable fluoride content of some are the only known
quality problems. Almost all water in the two valleys is suitable
for irrigation.




Table 1.--Hydrologic summary

[Estimates in acre-feet per year, except as indicatedl

Railroad Valley

Northern Southern Entire Penoyer
part part valley vValley
Area (sqguare miles) 2,149 603 2,752 700 °
Surface~water runoff from
mountains 25,000 1,000 26,000 1,000
Potential ground-water
recharge from precipitation 46,000 5,500 52,000 4,300
Evapotranspiration 80,000 200 80, 000 3,800
Reconnaissance value for i
ground-water inflow and
outflow 75,000 5,500 75,000 4,000
Preliminary estimate of
perennial yield 75,000 2,800 75,000 4,000

Preliminary estimate of
transitional storage
reserve (total acre-feet) 3,000,000 400,000+ 3,400,000+ 770,000

At the Eagle Springs 0Oil Field, the hot brine from consolidated
rocks at great depth may present a long-term, localized contamination
problem.




INTRODUCTION

Purpose and Scope of the Study

Ground-water development in Nevada has increased substantially
in recent years. Part of this increase is due to the effort to bring
new land into cultivation. The growing interest in ground-water
development has created a substantial demand for information on ground-
water resources throughout the State. Recognizing this need, the State
Legislature enacted special legislation (Chapter 181, Statutes of 1960)
authorizing 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, Division of Water
Resources. This is the 60th report prepared as part of the reconnaissance
studies (fig. 1 and p. 56).

In the early studies, little information on the surface-water
resources was presented. Later, this reconnaissance series was broadened
to include a preliminary quantitative evaluation of surface water in the
valleys studied.

The objectives of the reconnaissance studies are to (1) describe
the hydrologic environment, including the source, occurrence, movement,
and chemical quality of the water, (2) estimate the average annual
recharge to, discharge from, and yield of the ground-water reservoirs,
(3) evaluate quantitatively the surface-water resources of the valleys,
(4) provide preliminary estimates of present water development, and
(5) evaluate the potential for future development. Much of the
descriptive information and data that provide a base for the present
study has already been given by Eakin and others (1951), and is
referenced rather than repeated in this report. Thus, the specific
intents of this restudy are to update, enlarge upon, and where
necessary, refine the excellent work of Eakin and others, using
hydrologic data and techniques not available to them.

Most of the field work for this report was done during November
1970, October 1971, and March 1972, with A. S. Van Denburgh responsible
for the study of Railroad Valley, and F. E. Rush for work in Penoyer
Valley. The "Surface water" section was prepared by T. L. Katzer
and Lynn Harmsen, on the basis of field work done by them and by
R. D. Lamke.

Location and General Features of the Area

The study area lles in the Great Basin in east—central Nevada,
south of Eureka (lat 37°30'-39°15' N., long 115°15'-116 °25'W.; see
fig. 1). The area includes northern and southern Railroad Valley,
which cover 2,149 and 603 square miles, respectively, and Penoyer
Valley (also known as Sand Spring Valley), which encompasses 700
square miles.




NEVADA

117°

/

/

NLiZa

1

EXPLANATION

Area described in previous
report of the Water Resources
Reconnaissance Series, and
number of report

257

Area described in this report

0 25 50 75 100 Miles

Figure 1.—Areas described in previous reports of this series, and the area described in this report




The Duckwater Indian Reservation and Currant, both in Railroad
Valley, are the only settlements in the study area, and they have a
combined population of almost a hundred; elsewhere, people are few
and far between. Agriculture--mostly cattle-raising and related
activities--employs most of the study area's population.

Railroad Valley boasts the only oil production in Nevada, at
the small Eagle Springs Field south of Currant. The petroleum was
discovered in 1954 by Shell 0il Co., amazingly enough during the
drilling of their first exploratory well in Nevada (Murray and Bortz,
1967, p. 2133). 0il production through 1971 totaled 2,525,672 barrels
(monthly report, Nevada Oil and Gas Conservation Commission, Reno,
Nev., Feb. 4, 1972).

' Despite the implication, no train has ever crossed Railroad
Valley. The name may have been derived from the route of the pro-
posed Ely-Goldfield Railroad--a venture that never reached construc-
tion stage (Hance, 1914, p. 457).

Previous Studies Related to Hydrology

Although Everett Carpenter briefly discussed the hydrology of
Railroad Valley in 1915 (p. 75-79), the first detailed hydrologic
report was that of Eakin and others (1951), which also includes a
brief description of Penoyer Valley. Their report was based on a
rather comprehensive reconnaissance, and contains valuable descrip-
tive, quantitative, and tabular material, much of which is not
repeated in the present report. More recently, Snyder (1963) has
dealt briefly with the water resources of the north part of Railroad
Valley, and Summerfield and Peterson (1971, p. 10) have presented a
short hydrologic discussion of the entire valley. Regional reports
that contain discussions of Railroad Valley include those of Mifflin
(1968) and Fiero (1968). Similarly, Eakin and others (1963) deal
briefly with Penoyer Valley. -

Basic-data reports that contain information on Railroad and
Penoyer Valleys include the following:

Report : ‘ Data listed
" U.S., Geol. Survey (1960, » Discharge records for streams
1966-72, 1970a) , and (in the report for 1968)
springs ‘
Robinson and others Hydrologic and chemical data
(1967) for wells and springs north
of T.1S.
Thordarson and Robinson Hydrologic data for wells and
(1971) springs south of T.9N.




Valleys surrounding the study area have been investigated -
hydrologically as follows: ‘

Direction from T
present study

Valley area Report

Garden and Coal East Eakin (1963, 1966), Snyder
: (1963)
Gold Flat Southwest Rush (1970), Winograd and

others (1971), Eakin and
others (1963) -

Hot Creek West Rush and Everett (1966),
" Dinwiddie and Schroder
(1971), Eakin and
others (1951)

Jakes Northeast Eakin (1966), Snyder (1963)

Kawich South Rush (1970), Winograd and
others (1971), Eakin
‘and others (1951, 1963)

Little Smoky West Rush and Everett (1966), .
Dinwiddie and Schroder
(1971), Snyder (1963) .

Newark North Eakin (1960), Snyder (l963f
Tikapoo (Desert) and South Rush (1970), Winograd and
Groom Lake (Emigrant) others (1971), Eakin
' and others (1963)

White River East Eakin (1966), Maxey and
Eakin (1949), Snyder
(1963)

Acknowl edgments -

: Several residents of the area have provided valuable hydrologic
information. We are particularly grateful to the Tom Russells and
the Joe Fallinis for their assistance and hospitality. 1In addition,
W. A. Beetem, D. D. Gonzalez, and R. E. Smith of the U.S. Geological
Survey, along with H., R. Finlayson and R. H. LeDosquet of the U.S.
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data on wells and springs. J. H. Schilling of the Nevada Bureau of
Mines and Geology has made available detailed information on oil
exploration wells. The help of all these people is very much .
appreciated, as is the field assistance and camaraderie of Bruce R. .
Scott of the Nevada Division of Water Resources.




GENERAL HYDROLOGIC ENVIRONMENT

Physiographic Setting

Railroad Valley is one of the longest topographically closed
drainage basins in Nevada, extending more than 110 miles in a
generally north-south direction, with a width of 15 to 25 miles.

The surrounding mountain masses are dominated by the lofty White

Pine, Grant, and Quinn Canyon Ranges east of the valley floor, as
shown on plate 1. Altitudes range from 11,513 and 11,298 feet atop
Currant Mountain and Troy Peak to 4,706 feet at the lowest point on
the huge northern playa and about 4,845 feet on the much smaller
southern playa. Many small, ephemeral streams drain rugged mountainous
areas along the east side of the valley, but streamflow rarely reaches
the central valley floor. Large springs discharge at three places,
and other less productive springs are common in the northern half of
the valley, particularly along the east side. The three largest
spring systems, Duckwater (13/56-32bac and 12/56-5 and 6; see section
titled "Numbering system for hydrologic sites"), Blue Eagle (8/57~-
11ddb), and Lockes (8/55-14 and 15), provide a combined flow of about
22 cfs (cubic feet per second).

~ Penoyer Valley, by comparison to Railroad Valley, is small. The
surrounding mountains include the Quinn Canyon Range on the north,
Worthington (Shadow) Mountains and Timpahute Range on the east, Groom
Mountain on the south, and Belted Range on the west. Relief within
the drainage basin ranges from an altitude of 9,229 feet in the Quinn
Canyon Range at the north to about 4,738 feet on the centrally located
playa.

Railroad Valley contained two large lakes during the late
Pleistocene Epoch, more than 7,000 years ago. By far the largest
water body covered as much as several hundred square miles of valley
floor southwest of Currant. According to Snyder and others (1964),
the lake attained a maximum depth of 315 feet, inundating 525 square
miles,but these data may be in error. The highest shoreline detected
on aerial photographs during the present study is at an altitude of
4,870-4,875 feet, on the basis of more recent topographic control
than was available to Snyder and his coworkers. The existence of
a lake more than a few tens of feet higher than 4,870 feet, even
briefly, is doubtful. Thus, because the lowest point on the valley
floor is at about 4,706 feet altitude, the maximum depth relative to
the present-day floor may have been only 170-200 feet, rather than
315 feet, and the comparable lake area would have been on the order
of 430 square miles. The huge lake (25-30 million acre-feet, or
7%-9 cubic miles) reflects climatic conditions wetter and probably
somewhat cooler than those of today. The lake was fed by streamflow
not only from Railroad Valley itself but from neighboring Hot Creek
Valley, and perhaps in turn from Little Fish Lake Valley farther to
the west. Thus, the total tributary drainage area may have been as
much as 4,200 sqguare miles.




- Southern Railroad Valley also contained a lake, but a much
smaller one. According to Snyder and others (1964), the southern
lake covered about 50 square miles, and at high levels overflowed
to the larger northern lake. A combination of photographic and
topographic evidence suggests that overflow probably did occur,
at an altitude of 4,940-4,950 feet, indicating a maximum depth of
about 100 feet. The area covered at this depth would have been
approximately 55 square miles. A small lake with an area of only
a few square miles may have occupied the lowest part of Penoyer
Valley.

The older topographic sheets used of necessity during this
study include several inaccuracies that are rather critical from
the standpoint of ground-water interpretations in the two valleys:

1. The Lund Sheet (scale, 1:250,000) gives an altitude of
4,625 feet for the playa floor in northern Railroad Valley, which
is about 70 feet lower than the actual altitude. In addition, the
4,800~-foot contour south of the playa is mislocated by as much as
4 miles, on the basis of more recent, detailed mapping (pl. 1 shows
the correct approximate location). The 4,800~ and 4,900-foot con-
tours north of the playa also are incorrectly located, but to a
lesser degree.

2. The Reveille Peak gquadrangle (scale, 1:62,500) gives valley-
floor altitudes in southern Railroad Valley that are on the order
of 10-15 feet too high, on the basis of closed altimeter traverses
and more recent bench marks.

3. The Caliente Sheet (scale, 1:250,000) shows altitudes that
are as much as 400 feet too low in eastern Penoyer Valley, on the
basis of more recent, detailed mapping.

4. The White Blotch Springs quadrangle (scale, 1:62,500) gives
altitudes near the central part of the Penoyer Valley that are on
the order of 20 feet too low, on the basis of closed altimeter
traverses and more recent bench marks. '

Geologic Units and Structural Features

Rocks of the report area are divided into four major lithologic

units: noncarbonate rocks, carbonate rocks, and older and younger
alluvium. This division is based largely on hydrologic properties.
The areal extent of the units at land surface is shown on plate 1.
The geology is based principally on the following county geologic

maps: Northern Nye County, by Kleinhampl and Ziony (1967); southern

Nye County, by Cornwall (1967); Lincoln County, by Tschanz and
Pampeyan (1961); and White Pine County, by Hose and Blake (1970).

Noncarbonate rocks, Precambrian to Quaternary in age, are
dominated by volcanic tuff, with lesser amounts of other volcanic

-8-




rocks (rhyolitic to basaltic flows), as well as quartzite, shale,
and granitic intrusives. The carbonate rocks are mostly Cambrian
to Permian in age and are dominated by limestone. Included with
the carbonate rocks are the tufa spring deposits of Quaternary age
at Duckwater, Lockes, and 5 miles south of Lockes. Together, the
noncarbonate and carbonate rocks form the mountain masses and
underlie the alluvium. In Nevada, the carbonate rocks transmit,

on a local and regional scale, large amounts of water. In Railroad
vValley, the three major spring systems (Blue Eagle, Duckwater, and
Lockes) probably are associated with carbonate rocks. The noncar-
bonate rocks are generally much less permeable than the carbonates.

Except for major springs, most of the economically available
ground water in Railroad and Penoyer Valleys is stored in alluvial
deposits, or valley fill. The older alluvium, of Tertiary and
Quaternary age, is the principal body of alluvium that underlies
the valley floors and the surrounding alluvial slopes. It consists
of generally semiconsolidated to unconsolidated lenses of gravel,
sand, silt, and clay. The material is derived from the adjacent
mountains and transported to the valley mostly by flowing water.
The sand and gravel lenses commonly yield water readily to wells.

Beneath the lowest parts of each valley floor, the older
alluvium is covered by as much as a few hundred feet of younger
alluvium. The younger alluvium, of Quaternary age, consist of
lenses of gravel, sand, silt, and clay which are unconsolidated,
and generally thinner than the lenses of older alluvium. The
sands and gravels are generally better sorted and therefore more
permeable, and have a higher capacity to yield water to wells.
The playa and some associated lake deposits are mostly composed
of silt and clay, and therefore are poor sources of water.

The total thickness of alluvium in northern Railroad Valley
is great in places; logs of oil-exploration wells indicate valley~-
fill deposits at depths as great as 9,200 feet (see inset figure,
pl. 1). The general character of valley-fill deposits penetrated
by wells in the study area is indicated by representative well
logs in table 13.

Faults that control the occurrence and movement of ground
water are shown on plate 1.




GROUND-WATER RESERVOIRS

Extent and Boundaries

In the study area, large quantities of ground water occur in
both the valley fill and in the underlying consolidated rocks.
Younger and older alluvium (pl. 1) form the valley-fill reservoirs,
which are the principal sources of well water in the study area.
The valley fill covers about 1,170 square miles (54 percent of the
total area) in northern Railroad Valley, about 400 square miles (66
percent) in southern Railroad Valley, and about 430 square miles
(61 percent) in Penoyer Valley. 1In the central part of Railroad
Valley, the reservoir is thick, as indicated by data from oil-
exploration wells (see inset figure on pl. 1). In other parts of
the valley and in adjacent Penoyer Valley, the alluvium has been
explored to depths of only 200-400 feet. 1In these areas, shallow
bedrock has not been encountered, except near the land-surface
contact between the bedrock and alluvium. (For example, well
11/56-2adc, about a mile southeast of the land-surface contact,
encountered volcanic rock at only 28-foot depth.)

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

The consolidated~rock reservoir consists of volcanic and
carbonate rocks (see pl. 1 and table 13). Carbonates dominate
the rocks exposed on the east sides of Railroad Valley, north of
T.3N., and Penoyer Valley, and are commonplace on the west side of
Railroad Valley north of T.7N. Elsewhere, exposures of carbonate
rocks are rare. However, the proportion probably increases at
depth, both surrounding and beneath the valley fill. The distribu-
tion of volcanic rocks is opposite to that of the carbonates: the
volcanics are scattered in the northwest part of the study area,
rare to the northeast, and commonplace in the south, with the
abundance decreasing at depth.

Occurrence and Movement of Ground Water

Availability of ground water in the two valleys is indicated
in a general way by well drillers' reports of the depth at which
water was first encountered during drilling, by reported well yields,
and by the static and pumping water levels in the completed wells
(table 12). Data on spring locations and flow rates (table 15)
also provide information on ground-water availability.

=] Qe




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

Most ground water generated within Railroad and Penoyer Valleys
moves from recharge areas in the mountains or on the adjacent alluvial
slopes to the lowlands, where the water is discharged at the land
surface by evapotranspiration or, in southern Railroad Valley, at
depth by subsurface leakage to adjacent areas to the north (northern
Railroad Valley) and south (Kawich Valley).

The consolidated rocks that underlie and surround Railroad and
Penoyer Valleys transmit water through fractures associated with
faulting. Carbonate rocks are potentially the most permeable, at
least locally, because the rock-forming carbonate minerals are
slightly soluble, permitting development of a more open and inter-
connected fracture system. In eastern and central Nevada, the
carbonate rocks comprise several regional ground-water reservoirs
that transmit large quantities of water from valley to valley (for
example, see Eakin, 1966, and Winograd and others, 1971). On the
basis of a hydrologic budget imbalance (p. 28), the estimated
inflow from Little Smoky and Hot Creek Valleys (Rush and Everett,
1966, table 10), and the presence of prolific springs, Railroad
Valley is the destination of intervalley ground-water flows by way -
of consolidated rocks. Penoyer Valley is not known to have any
interbasin leakage, and therefore probably is a hydrologically closed
system. y
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INFLOW TO THE VALLEY-FILL RESERVOIRS

Precipitation -

Precipitation in the study area is characterized by snow and
rain from generally eastward-moving storm systems during the winter,
and by thundershowers associated with northward air movements during
the late spring and summer. Table 2 and the data of Hardman and
Mason (1949, p. 10) show that annual precipitation in the study area
averages about 5 inches at lower altitudes and more than 20 in the
higher areas.

Surface Water

By T. L. Katzer and Lynn Harmsen

Available Records .

Little Currant Creek near Currant, Nev. (location, 11/59-5ba;
altitude, 6,700 feet) is the only continuous-recording streamflow
gaging station within the study area. Quantities of flow during
the period are listed in table 3, and figure 2 shows the monthly
distribution of flow.

In addition to Little Currant Creek, there are a few other
perennial streams in the study area. Four of these streams were
measured or estimated for this study: ‘

Name Location Date Discharge‘l
(cfs)
Big Creek 4/55-23db 11-8-70 0.3 m
Willow Creek 4/56-18c 11-7-70 .4
Hooper Creek 5/56-35aa 11-7-70 .1 m
Troy Canyon Creek 6/57-29d 11-7-70 .1 m

1. Measured flows are indicated by "m". Other value was estimated.

-12-




‘- Table 2.--Average annual precipitation at weather stations
. in and adjacent to the study area
[From published records of the U.S. Weather Service]

Average annual Estimated

Period of precipitation long~term
full-year for period of average
Altitude record record used precipitation
Stationi/ (feet) used (inches) (inches) 2/
1. Charnac Basin3/ 8,500  Sept. 1955- 12.7 13
Aug. 1970
2. Lower Robinson3/ 7,550  Aug. 1960- 13.9 13
July 1968
3. Connors Pass3/ 7,330  Aug. 1962- 14.6 | 14
July 1970
4, Snowball Ranch 7,160 1967-70 10.1 8
5. Currant Creek 6,820 Aug. 1958~ 10.7 11
Surmit3/ July 1968
6. Eureka 6,540 1965-70 14.1 12
" 7. Ely Weather 6,250 1939-70 8.8 9
. Service Office
' 8. Adaven 6,250 1939-70 12.4 | 12
9. Currant Highway 6,240 1964-69 9.9 9
‘ Station
10. Duckwater 5,400 1967-70 7.8 6
11. Blue Jay Highway 5,300 1967-68 7.0 6
Station
12. Diablo 5,000 1960-65, 5.5 5
1967-70

13. Penoyer Valley 4,800 1969-70 6.7 5

1. Stations are listed in descending order of altitude. See small inset
map on pl. 1 for locations.

2. Based on 32-year period of record, 1939-70, for Ely and Adaven stations.

3. Precipitation-storage gage. /
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Figure 2.--Monthly flow distribution for Little Currant Creek, o
water years 1965-72 (location 11/59-5ba).
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Photographs 3A~C.--4, Panorama at Fred's Well (1/53-7adc) in southern Railroad Valley. Playa in background. View northeast-

ward. The 136-ft stock well yields very soft water containing excessive fluoride. B. Abandoned oil-exploration well
8/57-22cdc, 4% miles south of Eagle Springs 0il Field. Blue Fagle Mtn. in background. View eastward. Well is Shell 0il
Co. Eagle Springs Unit no. 4; total depth 7,885 ft; bedrock encountered at 6,632 ft. (. Farms at Duckwater Indian

Reservation. Pancake Range in background. View southwestward from 12/56-6aca. Irrigation water is provided by Big and
Little Warm Springs (akhout 13 and 0.4 cfs, respectively).




‘ Table 3.--Instantaneous maximum and minimum discharges, and total
. annual flow of Little Currant Creek, 1965-72 (location 11/59-5ba)

Water Maximum Minimum

year Acre~feet (cfs) (cfs)
1965 1,100 <10 0.00
1966 880 6.6 .00
1967 5,600 366 .00
1968 680 4.1 .00
1969 5,900 50 .00
1970 930 5.1 .18
1971 2,100 35 .02
1972 740 3.7 .00
Average 2,200 - -

Five partial-record stations are operated by the Geological Survey
for the determination of maximum discharge. Table 4 summarizes
these data. Also included are Geological Survey data from two

. ungaged sites in northern Railroad Valley. The Bureau of Land
Management monitors a 100-square-mile drainage in northern Railroad
Valley for peak flows and precipitation. Table 4 summarizes the
peak-flow data.

Streamflow Characteristics

The runoff pattern for Little Currant Creek is typical in that
low flow (no flow most years) is reached in late summer or early
winter and increases little until the spring runoff starts in March
or April with peaking flows in May and June. This is also the pattern
of snowmelt runoff that can be expected from the remaining area that
contributes to surface-water runoff in perennial streams.

 Peak. flows resulting from rainstorms and thunderstorms dwarf
snowmelt peak flows; however, the amount of water supplied in this
manner generally is negligible when compared with the snowmelt peak
which has a much longer time duration.

- Runoff can be further defined geographically. Precipitation
- as snow is dominant in the White Pine, Grant, and Quinn Canyon Ranges

on the east side of Railroad Valley with the remaining area receiving
precipitation primarily from rainstorms and thunderstorms.

. =15~
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Table 4.--Maximum discharge at partial-record stations

and other selected sites

Drainage Maximum discharge
area Water Cubic feet
Station Location (sg mi) yvear Date per second
Partial-record stations
Penoyer Valley 4s/56=21ad 1.48 1964 —— No flow
tributary 1965 7-30-65 a 2
1966 - No flow
1967 - No flow
1968 8- 6=68 130
1969 6=19=69 45
1970 7=21~70 35
1971 —— No flow
Black Rock Summit 8/54~34ca 5.0 1967 7= =67 a 200
tributary 1968 - No flow
1969 6=15-69 a 150
1970 - No flow
1971 - a 10
Railroad Valley 8/55-21bb .37 1962 6= =62 a 5
tributary 1963 9~ =63 a 10
1964 - No flow
1965 - No flow
1966 o No flow
1967 9=22-67 a 2
1968 7~30-68 a 5
1969 -~ No flow
1970 e No flow
1971 - No flow
Currant Creek 11/59-15ba 3.13 1962 - No flow
tributary 1963 6-10-63 b 100
1964 - No flow
1965 8=12-65 a 1
1966 9-19=66 a 0.2
1967 6= =67 a 7
1968 7-30-68 a 2
1969 3-30-69 a 70
1970 7= =70 a 10
1971 5= =71 a 0.3
Currant Creek below 11/59-16ba 30.0 1964 6~=17-64 8
Little Currant 1965 5= =65 10
Creek 1966 4-11-66 a 7
1967 12—~ 6-66 400
1968 7=30-68 5

-16=
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. Table 4.--Maximum discharge at partial-record stations

and other selected sites——continued

-

Drainage Maximum discharge
area Water Cubic feet
Station Location (sg mi) vear Date per second
Current Creek below 1969 4- 1-69 200
Little Currant 1970 7=~ =70 60
Creek-~continued 1971 5= =70 10
Duckwater Creek 14/56-19cc 100 1963 9=20-63 420
tributaryl 1964 6-17-64 5
1965 8= 1-65 2,500
1966 8~ 2-66 75
1967 8= 2-67 660
1968 7-24-68 530
1969 7-24-69 540
1970 7=22-70 3,300
1971 - No flow
Other sites

- . Duckwater Creek 11/57=22ca b 4 1970 7=22-70 c 1,600

tributary near

‘ Currant

Bull Creek near 13/56=-1bd 117 1970 7-22-70 c 2,200

Duckwater

a. Estimated.
b. Approximate.
c. Rounded.

Other discharges determined by indirect methods.

1. Duckwater study area, Nevada Watersheds Project, U.S. Bureau of
Land Management (data from Bur. Land Management, Reno, Nev., 1972).
Discharges determined by indirect methods.

Mountain Front Runoff

. Tt is impractical to gage the total runoff from a mountain block,
such as the Grant or White Pine Range; however,
developed by Moore (1968) that allow an indirect determination. The
drainages for Railroad and Penoyer Valleys are in a zone where no

therefore,

methods have been

appreciable runoff is generated below an altitude of 7,000 feet;
for each 1,000-foot altitude zone above 7,000 feet,

runoff

values have been assigned based on an altitude-runoff relationship.

- This runoff value is refined by measuring certain channel characteristics
(perennial and ephemeral) at the 7,000-foot altitude and relating these
A sampling of these measure-

. characteristics to the mean annual flow.
ments 1s listed in table 5.
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The total average annual runoff available at the bedrock-alluvium
contact for Railrocad Valley is about 26,000 acre-feet per year, and
for Penoyer Valley is about 1,000 acre-feet per year. From table 6, -
which summarizes the runoff from the various parts of the study area,
it can be seen that the White Pine, Grant, and Quinn Canyon Ranges
in northern Railroad Valley supply almost all of the available runoff.

Average annual flows in major ephemeral stream channels at four
places on the valley floor have been estimated using the channel-
geometry method developed by Moore (1968):

Average annual flow

Location {({acre=feet)
28/52=17add (unnamed stream) <100
5/55~18ba do. <100
12/57=18ac (Bull Creek) <200
13/56=19cad (unnamed stream) <100

The data indicate that almost all mountain-front runoff is dissipated

by percolation and evapotranspiration in upland parts of the valley
fill.

Surface-Water Inflow

Surface water enters Railroad Valley from adjacent Hot Creek ‘
Valley by way of Twin Springs Slough (location, 4/52-19bc). Pub~
lished and unpublished records of streamflow for water years 1968-71

suggest that the long-term average may be about 1,200 acre-feet per
vear.

Some water is transported from northern to southern Railroad
Valley by ditch, for stock watering. The ditch is fed by Echo
Canyon Reservoir (3/52-3b), which in turn receives inflow from Hot
Creek Valley. The average ditch flow may be on the order of 500
acre-feet per year, of which only a small amount presumably per-
colates to recharge the ground-water reservoir.

Ground-Water Recharge from Precipitation

Recharge is provided by precipitation in the mountainous areas,
with the water reaching the valley-fill reservoirs by seepage loss
from streams on the alluvial slopes and by underflow from the con-
solidated rocks. Even in the mountains and on alluvial slopes, how-
ever, most of the precipitation is evaporated before infiltration,
whereas some of the remainder adds to soil moisture, and a little -
reaches already saturated lowland areas. Thus, only a very small
percentage actually recharges the ground-water reservoir. On
valley floors in the study area, precipitation gquantities are small,
and infiltration to the ground-water reservoir is generally minimal.
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Table 5.--Long-term mean annual flow at selected sites

determined by channel-geometry methods

[All measurements made at about 7,000-foot altitude]

Name

Location

Mountailn
range

Valley

Long—-term
Mearn

annual flow

(acre~feet)

Big Creek

Ox Spring Wash
Johnson Canyon
Unnamed

Broom Canyon
Unnamed
Blackrock Canyon
Unnamed
Cathedral Canyon
Unnamed

Unnamed

"4/55-234
4/57~5¢
9/58~-324d

12/55=9b

12/58-19b
13/54-8a
13/57~13ch
14/54-13b
15/57-13dhL
1s/50-1144d
15/57-6¢C

Quinn Canyon N. Railroad

Grant
do.
Pancake
White Fine
Fancake
White Pine
Pancake
White Pine
Kawich
Worthington

do.
do.
da.
do.
do.
do.
do.
do.
S. Railroad
Penoyer

1.000
800
170
220
140
100
150
200

80
160
100

Table 6.--Estimated average annual runoff at the mountain front

Area Estimated
contributing Percentage runoff Pexcentage
runpoff of teotal {acre~feet of total
Area (acres) area per vear)  runoff
RATLROAD VALLEY,
NORTHERN PART
" East side 216,000 74 23,000 88
West side 47,000 l6 2,000 8
Total 263,000 80 25,000 a6
RAILROAD VALLEY,
SOUTHERN PART 23,000 10 1,000 4
RAILROAD VALLEY, TOTAL 291,000 100 26,000 100
PENOYER VALLEY 24,000 100 1,000 100
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Recharge from precipitation is estimated in this report using
the general method described by Eekin and others (1251, p. 79-81).
The method assumes that for any given altitude zone, a particular
increment of total precipitation is available for recharge cf the
ground-water reservoir, with that increment, or percentage, depending
on the average amount of snow and rainfall within the zone. Table
7 lists the estimates of precipitation and recharge for the study
area. The total guantity of recharge for Railroad valley, about
50,000 acre-feet per year, is the same as that estimeted by Eakin
and others (1951, p. 151) using less accurate topographic and
precipitation data but much the same precipitation-altitude
relation. Tor Penoyer Valley, the estimate of 4,300 acre-feet
per year is far less than the annual increment of 15,500 acre-
feet computed by Eakin and others (1951, p. 156); however, they
recognized that the calculated guantity was far too large. They
concluded that some 3,000 acre-feet per year might be available
for development, which agrees reasonably well with the estimated
perennial yield derived in this report (table 10}. A more recent
estimate of recharge was made by Eakin and. others (1963, p. 13).
Their estimate, 3.600 acre-feet per year, is in close agreement
with the value developed for the present report.

Estimated amounts of recharge in Railroad and Penoyer Valleys
are far greatexr than quantities of mountain-front runoff; estimated
recharge is about 50,000 and 4,300 acre-feet per year, respectively,
whereag estimated runoff is only 26,000 and 1,000 acre-feet. The
runoff: recharge ratios are about 0.5:1 and 0.2:1 for Railroad
and Penoyer Valleys, compared with an estimated statewide average
of 1.5:1 (Nevada Division of Water Resources, 1971, p. 12). This
contrast and the presence of carbonate .rocks throughout much of
the recharge area in each valley suggest that a significant part
of total recharge occurs in the carbonate rocks upstream from the
mountain front. In fact, these conditions also suggest that the
estimates of recharge may be low. '

subsurface inflow to Railroad Valley from adjoining areas is

another source of ground-water recharge; it is discussed in the
following section and on page 28. o

subsurface Inflow

Ground water apparently enters Railroad Valley through the
consolidated rocks in at least two areas. Rush and Everett (1966,
p. 25) proposed that inflow from the southern part of adjacent
Little Smoky Valley feeds the group of springs at Lockes and
three smaller springs to the south' (pl. 1), for which the total
flow is about 2,400 acre-feet per year. Water-level contours
presented and discussed by Dinwiddie and Schroder (1971, p. 62-64)
for deep ground water in scouthern Little Smoky Valley support an
east-northeastward direction of movement toward the vicinity of
the Lockes Springs. Rush and Everett (1966, p. 18) also suggest
the possibility of ground-water movement from the northeastern
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.;" Table 7.--Estimated average annual precipitaticn
and ground-water recharge

Estimated precipitation Estimated recharge.
Altitude Average Percentage {acre~
zonea Area Range (acre-— of total feet
(feat) {acres) (inches) (feet) feet)} mprecipitation per year)

RAILRQAD VALLEY, NOQORTHERN PART

9,000-11,513 22,000 »20 1.8 40, 000 25 10,000
8,000~ 9,000 58,800 15-20 1.5 88, 000 15 13,000
7,000- 2,000 183,000 12-15 1.1 200,000 7 14,000
6,000~ 7,000 363,000 B=12 -8 290,000 _ 3 2,700
5,000~ 6,000 421,000 5-8 .5 210,000 ? hinor _—
4,706=- 5,000 324,000 <5 .4 130,000
Total
{rounded) 1,380,000 - 7 960, 000 5 a/ 46,000
EATLROAD VALLEY, SOUTHERN PART
8,000~ 8,863 2,330 15-20 1.5 3,500 15 520
7,000~ 8,000 26,100 12-15 1.1 29,000 7 2,000
. &,000- 7,000 130,000 g8-12 .8 100,000 3 3,000
‘ . 5,000- 6,000 172,000 5-8 ) 86,000 minor .
4,845- 5,000 49, 300 <5 . 20,000
Total
_{¥ounded) 381,000 — .6 240,000 2 h/ 5,500
RAILROAD VALLEY, SOUTHERN AND NORTHERN PARTS
Total
(rounded) 1,760,000 - .7 1,200,000 4 52,000
PENOYER VALLEY
9,000~ 9,229 60 »20 1.8 110 25 30
8,000~ 2,000 3,500 15-20 1.5 5,200 15 780
7,000~ 8,000 20,200 12-15 1.1 22,000 7 1.500
6,000~ 7,000 85,000 8=12 LB " 08,000 3 2,000
4,738~ 6,000 334,000 <B -5 173,000 minot -
Total
__[rounded) 443,000 - . B 270,000 2 4,300

= a., Approximately BO percent of recharge is generated on east side of
valley. '
b. Approximately 60 percent of recharge is generated in the Reveille
Valley area of southern Railroad Valley.
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part of southeyn Little Smoky Valley toward Duckwater.

Ground water flows into Railroad Valley from neighboring Hot
Creek valley by way of alluvium underlying Twin Springs Slough
(4/52-19} . Eakin and others (1951, p. 151) and Rush and Everett
(1966, p. 25~26) estimate the average annual subsurface inflow to
be about 700 acre-fest.

Within Railroad Valley, possibly 4,000 acre-feet per year
moves from the southern to the northern part through alluvium and,
perhaps, carbonate rocks (p. 25). Thus, accounted for subsuarface
inflow to northern Railrpad Valley totals an estimated 7,000 acre-
feet per year (rounded).
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OUTFLOW FROM THE VALIEY-FTLL RESERVOIRS

Evapotranspiration

in areas of shalleow ground water, discharge (outflow) occurs by
evaporation from bare playa soil and by transpiration from plants
called phreatophytes, whose roots tap the ground water. The principal
phreatophytes in Railroad and Penoyer Valleys are greasewood, rabbit-
brush, salthuzh, saltgrass, and, where ground water is very shallow,
meadowgrass, tules, willow, and other marsh-loving vegetation. The
phreatophytes and areas of playa evaporation are shown on plate 1,
and estimates of evapotranspiration are summarized in takle B. The
rates used are based on work done in other areas by Lee (1912),
White (1932), Young and Blaney (1942}, Houston (1950), and Robinson
(L965) .

Evaporation from surface-water bodies (mostly small ponds) is
minor in total comparsed with othar water losses. The average evapora-
tion rate may be 4-4% fest, on the basis of data of Kohler and others
(1959, pl. 2).

The total amount of evapotranspiration estimated for Railroad
Valley, about 80,000 acre-feet per year, is greater than the "order
of magnitude of 50,000 acre-feet" given by Eakin and others (1951,

p. 151). The higher value is a result of somewhat more refined
procedures for avaluating evapotranspiration, better maps, and more
water-level data. ln Penoyer Valley, the present estimate (3,800
acre-feet per year) is appreciably less than that of Eakin and others
{L951, p. 156; 6,400 acre-feet}), but is in close agreement with the
present eshimate of annual ground-water recharge.

surface-Water Qutflow

surface water is exported by ditch from northern to southern
Railroad valley for stock-watering ponds (p. 18). The flow may be
akout 500 acre-fest per year.

Springs

several of the springs in Railroad valley are among the largest
in Nevada. The most prolific group is at Duckwater, where Big and
Little Warm Springs and several smaller outlets yield a total flow
of about 15 cfs (11,000 acre-feet per vyear). A group of smaller
but nonetheless important springs at Lockes yields about 3.3 cfs
{2,400 acre-feet per year). Many springs and seeps line the eastern
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Table 8.--Estimated average annual ground-water evapotrggggigatioq%f

Depth to Evapotrancpiration
Area water Feet Acre=~feet
_Type of water loss (acres) (feet)  per yvear per yedr

NORTHERN RATLROAD VALLEY

Flaya (bare soil) 38,000 O-10 0.1 3.800

Greasewood, rabbitbrush,
saltbush, moderately
dense to scattered 68,000 16-50 0.2 14,000

Saltgrass, with or without
above phreatophytes,
moderately dense to
scattered 110, 000 1-10 0.4 44, 000.

Meadowgrass, tules, willow,
and other wet-area
phreatophytes (includes
areas of meadowgrass
irrigated mostly with

springflow) . 12,000  0-5 1.5 18, 000
Free~water surface __ 400 — 4 1,600
Total {rounded) 227,000 - - 80,000

[ — —_—A —_ s — SE——— N

SOUTHERN RAILROAD VALLEY2/

Greasewood, moderately
dense to scattered 1.500 30-50 0.1 200

FENOYER VALLEYQ/

Greasewood, moderalely
dense to scattered,
with minor amounts
of saltgrass 19,000 15-50 . 0.2 3,800

1. Discharging playa and most phreatophyte areas are shown on.plate 1.
2. The playa in this area does not discharge appreciable amounts of
ground water becauze the depth to water is greater than 15 feet. i
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margin of the floor of Railrcad Valley from 12 tec 30 miles south of
Currant. By far the largest are Blue Eagle Springs (8/57--11ddbj,
which produce about 4.2 cfe (3,000 acre-feet per year).

In Penoyer Valley, Sand Spring (28/55-26dda) flows about a guart
per minute of 86°F (30°C) water from the east flank of a large tufa
mound. Atop the mound is a small, but prominent, outcrop of guartzite
that can bBe seen for a distance of more than 3 miles.

Data for the springs mentioned above, and for many less prolific
ones that emerge from, or along the margins of, the valley fill., are
licted by Eakin and others (1951, tables 4 and 6). the U.S. Geological
Survey (1969, p. 161}, and in tables 15 and 16 of this report. Many
other small springs dot the mountainous areas surrounding Railroad and
Penoyer Valleys. For example., such springs provide much of the flow
of Currant Creek. These upland springs are not tabulated in this report
because they are not related directly to the valley-fill reservoir.

Subsurface OQutflow

Most of the recharge to the southern part of Railroad Valley is
digcharged by subsurface outflow through alluvium and probably carbonate
rocks. Blankennagel and Weir (1973, p. B20) suggest that about 1,000
acre~feet per year moves southward from the southern part of Railroad
Valley to Kawich valley. Although the actual quantity may be appreciably
more than 1,000 acre-feet per year., their estimate is nonethelessz retained
in thie report in the absence of quantitative evidence to the contrary.
Bxcept for a few hundred acre-feet of evapotranspiration around the
playa, all remaining recharge in southern Railroad Valley, about 4,000
acre-feef per year, may move northward to northern” Railrcad Valley. In
the eastern part of southern Railroad Valley (pl. 1), water-level gradients
in the alluvium are northward, which confirms the direction of at least
part of the outflow. (The situation in the Reveille Valley area of
southern Railxoad Valley is uncertain, owing to a lack of data on water-
level gradients.)

No water is thought to leave northern Railroad Valley or Penoyer
valley by subsurface leakage.

Irrigation

Irrigation in the study area is restricted by northern Railroad
vValley, with pasture grass and alfalfa the principal crops. Most of
the water is obtained from springs: areas irrigated with springflow
total about 5,000 acres, including approximately 3,000 acres in the
Duckwater area and about 1,000 acres along the east side of the valley
between Blue Eagle Springsz and Crows Nest, 16 miles to the southwest
(acreages are from Summerfield and Peterson, 1971, p. 10). 1In several
areas on the east side of the valley, springflow 1s augmented by water
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from flowing wells. Water usge in areas irrigated mostly by springflow
may total approximately 17,000 acre~feet per year (agsuming an annual
conaumption of 2 to 3 acre—feet per acre), This guantity represents T
two-thirds of the total discharge from irrigated and nonirrigated areas '
of meadowgrass and other wet-area phreatophytes associated with the

springs (table 8; 18,000 acre—~feet per year).

Only one area of appreciable size, the long, thin strip of land
along Currant Greek, relies on streamflow for irrigation. Thers, about
600 acres are farmed (Summerfield and Peterson, 1971, p. 10j. and the
amount of water consumed may be on the order of 1,500 acre-feet per year.

Desert Land Entry permits cover almost 7,600 acres in northern Rail-
road valley, including 1,600 acres near Green Spring Ranch (in and
adjacent €o 15/57~32). 2.694 acres near Currant. and 3,285 acres near
Nyala {(Summerfield and Peterson, 1971, p. 10). In Penover Valley.
patented entries total about 7,200 acres (data from U.S. Bur. Land
Management, Reno, 1972}. Only & small fraction of the total Desert
Land Entry area was being actively worked as of 1972: 600-700 acres
nesr Nyala; less than 300 acres near Currant, and no lands 1n Penoyver
valley. In fact, some of the patented land in Penoyer Valley 1 belng
advertised for subdivision. Water consumption in the farmed Desert
Land Entry areas may be on the order of 2,000-2,500 acre-feat per year,
all of which comes from wells.

Several areas are irrigated using flowing wells to maintain suitable i
habitats for waterfowl. Wells owned by the U.S. Bureau of Sport Fisheries .
and Wildlife in or adjacent to 6/56-5, 8/55-24, 8/56-2, and 8/57-4
(table 12) flow at a combined rate that may total about 800 gpm (1,300
acre~feet per vearj, most of which is consumed by evaportranspiration.

Domestic and Stock

" .Domestic supplies, almost all obtained from springs and wells in
Railroad Valley, may total 10-15 acre-feet per year; only a part of that
gquantity is consumed. Livestock, which also rely on wells and springs,
may use 20-30 acre-~feet in Railroad Valley and probably less than 10
acre-feet in Penoyer Valley during the part of each year that they graze
in lowland areas.

0il Field

The Eagle Springs 0il Field produces brine as an uvnavoldable bypro=
duct of the oil. Although the water-to-oil ratio differs greatly from
well to well, the field-wide average may be about 60 percent water (Tom
Rucsell, North American Resources Corp., oral commun., 1972). Total oil
production from 1954, when the field was developed, through 1971 was
9,525,672 barrels (p. 5). Annual production has been as high as 309,000
barrels {1966), but has averaged only 140,000 barrels per yesar: in 1971
the total was about 113,000 barrels (Schilling and Garside, 1968, table
1; and data relezses of the Nevada 0il and Gae Conservatlon Commizsion,
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Reno, Nev.). Assuming the 60:40. ratio, brine production has averaged
about 200.000 barrels (26 acre-feet) per year. In 1972, the amount
may have been about 20 acre-feet. The brine is separated from the oil
and piped into ponds, where most of it infiltrates the valley~-fill

alluvium (very little evaporates because of oil film on the pond sur-
facesg}. '
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GROUND-WATER BUDGETS

For long-~term natural or near-natural conditions, ground-water
inflow to and outflow from an area are about equal, assuming that _ T
¢limatic conditions remain reasonably constant. Thus, a ground- g
water budget can be used (1) to compare the estimates of natural
inflow to and outflow from each valley, (2) to determine the
magnitude of errors in the two estimates, provided that one or
more elements are not calculated by difference, . and {3) to select
a value that besgst seems to represent both inflow and cutflow,
within the limits of reconnaissance accuracy. This value in turn
ig utilized in a- following section of the report to estimate the
perennial yield of each area.

Table 9 presents ground-water budgets for the study area,
and shows the reconnaissance value selected to represent both inflow
and outflow under natural or near-natural conditions. In Penoyer
Valley, the guantities of inflow and outflow-are about equal,
suggesting an essentially closed hydrologic system. In contrast,
the water thought to be lost from Railrcad Valley by evapotranspira-
tion (81,000 acre-feet per year) exceads by 27,000 acre-feet per
yvear the estimated replenishment by recharge from precipitation
plus estimated subsurface inflow (54,000 acre-feet per year).
For purposes of this reconnaissance, the higher value is given
more weight because one or more of the following conditions may
prevail: (1) estimated runoff is small compared to the estimated
recharge (ratio 0.5:1), suggesting:that the recharge may be greater
than estimated (table 7) because of extensive areas of carbonate
rocks in the mountains: (2) estimates of subsurface outflow from
Hot Creek and Little Smoky Valley to Railroad Valley {(about 3,000
acre-feet per year according to Rush and Everett, 1968, p. 25-26)
could be considerably greater than estimated; and (3) outflow from
Newark, Jakes, and wWhite River Valleys to the north and east could
occur through carbonate rocks in the mountain blocks, although
water budgets for those areas seem to balance reasonably well
(Eakin, 1960, 1966).

Nevertheless, the prolific Duckwater and Blue Eagle Spring
systems (combined discharge about 19 cfs, or 14,000 acre-feet per
year) suggest that ground-water inflow in addition to the 7,000
acre—-feet per year accounted for already (table 9) may enter
northern Railroad vValley from adjacent but as yet unidentified
valleys. 1In addition, geochemical evidence suggests that Duckwater
and Blue Eagle Springs are related to regional ground-water flow
(Mifflin, 1968, p. 37 and app. table 5).

The preceding paragraphs suggest that the inflow to and outflow
from northern Railroad Valley may more nearly approxXimate the
estimated outflow of about 80,000 acre-feet per year than the
estimated inflow of 54,000 acre-feet per year. Accordingly, the
value selected for this reconnaigsance to represent inflow and
outflow is 75,000 acre-feet per year.
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Table 9.--Preliminary ground-water budgets for natural

or near-natural conditions

[A1l1l estimates are in acre-feet per year]

—

Railroad Valley

Northern Southern Entire Penoyer
—____Budget elements , - part part valley Valley
INFLOW
Ground-water recharge from
precipitation (table 7).... 46,000 5,500 51,000 4,300
Subsgurface inflow (p. 20).... a_7,000 == 3,000 ==
TOTAL (rounded) (1)....... . 53,000 5,500 54,000 4,300
QUTFLOW
Evapotranspiration (table 8). 80,000 200 80,000 3,800
SUbSL‘lI‘faCE Out flOW (pn 25) LY gl b 5_;_300 ].r ODO -
TOTAL (rounded) (2)........ 80,000 5,500 81,000 3,800
IMBALANCE BETWEEN INFLOW AND
QUTFLOW (1) =(2) vuvonerrnanennn ~27,000 (¢) =27,000 500
VALUE SELECTED TO REPRESENT INFLOW
L . 5,500 75,000 4,000

AND QUTFLOW. . s coensseeosrsn

a. About 4,000 from southern Railroad Valley, 2,400 from Little Smoky

Valley,

and 700 from Hot Creek Valley.

b. Computed as difference between recharge éhd evapotranspiration.
About 1,000 acre-feet per year may go to Kawich Valley; the
remainder presumably goes to northern Railroad Valley.

c. 1Imbalance is zero because one of the budget elements iz computed

by difference.
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CHEMTCAL QUALITY OF THE WATER

General Chemical Character

Table 17 lists analyses of water from the study area. The
specific-conductance values in table 17 can be used as a preliminary
indication of gross chemical conterit, because the concentration of
dissolved solids in a water, in milligrams per liter, is generally
55 to 70 percent of the speclfic conductance, in micromhos per
centimeter at 25°C (hereafter abbreviated "micromhos"), Milligrams
per liter are eguivalent to parts per millicn in most waters; see
footnote 1, table 17.

The data in table 17 show that the chemical character of water
in the report area 1is wide 1n range. - The specific conductances of
most well waters range from 300 to 800 micromhos, with the lesser
values generally for wells (1) that are away from the lowest-lying
areas of valley floor, or, in northern Railroad Valley, (2) that
penetrate deeper aguifers, at least within the upper 1,000-2,000
- feet of valley fill. The tendency to freshen at depth is documented
by the data for several pairs of wells, including 8/57-7ca (depth.
55 ft; specific conductance, 699 micromhos) and 8/56~3ach (depth,
550 ft; conductance, 371 micromhos). The same type of situation
may also be true of Penoyer and southern Railroad Valleys, but no

evidence is available as yet. '

Chemically, most of the well waters are dominated by bicarbonate
and either calcium or sodium. In northern Railroad Vvalley, calcium
generally exceeds sodium, exXcept at greater depth and beneath or
adjacent to the huge playa. Conversely, in scuthern Railroad Valley,
sodium dominates except In the most dilute well waters. The type
of consolidated rock in recharge areas surrounding the valley £ill
probably plays an imporitant role in determining whether calcium
(from carbonate rocks) or sodium {(from volcanic rocks) dominates.
Away from playa areas, concentrations of the other major ions
characteristically are below the following values: magnesium and
chloride, 30 mg/l (milligrams.per liter) each, and sulfate, 70 mg/l.
Except near thermal springs, the temperature of water from wells
shallower than about 1,200 feet ranges from 50 to 70°F (10°-21°C},
with the warmer waters generally associated with the deeper wells.
Data from deep olil-exploratory wells southwest of Currant indicate
that temperatures increase considerably with depth; for example,
the temperature log for well 7/56-2dab (see small graph on pl. 1)
shows a maximum reading of 229°F (109°C), at a depth of 10,178 feet.

The flow of nonthermal springs {(cooler than about 70°F; 21°C)
is chemically similar to the well waters described above.

wWater underlying the large playa in northern Railroad Valley

is saline (see data for auger hole 9/56-26bad, table 17). In fact,
two potash-exploration wells drilled in 1912-13 encountered massive
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beds of the evaporite mineral c¢aylussite at depths of 781 and 906
feet {wells 7/56-11b and 7/56-22a, table 18), and an oil-exploration
well drilled in 1954 by Shell 0il Co. (location, 7/56~2dab; total
depth, 10,183 feet) encountered considerable gaylussite bhetween

660 and 2,880 feet, with the greatest guantities in the intervals
861-894 and 1,120~1,130 feet (Horton, 1964, p. 254). The mineral.
which has a chemical formula Na,Ca(CO )o- 5H,0, represents the
gvaporative residue from the large laﬁe that occupied the valley
many thousands of years ago. Strictly speaking, gaylussite itself -
ig not an evaporite mineral. Instead, it is a rather insgoluble
alteration product that was derived from a sodium—-carbonate-
bicarhonate evaporite mineral (perhaps trona). The chemical
transformation took place f£ollowing burial of the evaporites
beneath younger lake-bottom sedimentary deposits.

The chemical character of water from consolidated rocks at
great depth iz wide in range. Water from oil-exploratory wells
7/55-28¢c, 7/56~2dab, and 8/57-27aac contained only about 500 mg/1
of disseclved solids, dominated by sodium and bicarbonate, even at
depths as great =s 10.000 feet (table 17). In contrast, deep
water at and adjacent to the Eagle Springs 0il Field is highly
saline and dominated by sodium and chloride (wells 9/57-34add and
35bdad, table 17). This type of water is produced along with oll
at the field and is disposed of in settling ponds. Though small
in annual ‘gquantity, the brine may present a long-term, localized
contamination problem. Since the oll field began operation in
1954, brine productlion may have totaled about 500 acre-feet
{(through 1971)., Assuming an average salinity of 25,000-30,000
mg/1, this volume of brine would have contained 17,000-20,000
tons of salts. The abnormally high chloride content of water
from 79-foot domestic well 9/57-35aac (66 mg/l; table 17) suggests
that shallow ground water iz being affected chemically by the
percolating brine. Water from nearby 220-foot well 9/57-35bad3
contains only 7 mg/l, however, indicating that deeper water-bearing
zones probably have not been affected, at least as yet.

Thermal springs (warmer than about 70°F; 21°C) in the two
valleys are chemically diverse. Specific conductances range from
439 to 1,200 micromhes, with the dissclved solids dominated by
bicarbonate and either sodium or calcium. The range in concentra-
tion of the%@ and other components is wide. Temperatures are as
high as 140°F(60°C), but the three most prolific flows (at Blue
Eagle, Duckwater, and Lockes) range from 82 to only about 100°
{28-37.5°C) .

Mountain streams in the report area are fed by nonthermal
springflow, except during periods of rain or snowmelt runoff. As
a result, the streamflow chemically resembles the discharge of
nonthermal springs or diluted versions thereof; for example, see
the two analyses for Little Currant Creek (11/59-5ba, table 17).
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Su itability for Domestic - Use

The U.8. Public Health Service {1962, p. 7=8) has formulated
" standards that are generally accepted.as a guideline for drinking
waters; in fact, these standards have been adoptaed by the Nevada
.  Bureau of Environmental Health as regulations for public supplies.
The standards, as they apply to data listed in table 17, are as
follows:

Recommendad maxlmum
concentration. (milligrams

. Constituent per liter)
Iron {Fe) 0.3
Manganese {Mn) . .08
Sulfate (S0,} 250
Chloride ({C1l1} 250
Fluoride. {F} a/ About 1.2
Nitrate (NO.,) : 45
Dissolved-z8lids content | b/ 500

" a. Based on &n- annual avexage maximum daily air
temperature of about 65°F (18%°C). The optimum
 fluoride concentration is about 0.9 mg/l. Water
containing more than. about 1.8 mg/l should not be

consumed regularly, especially by children.

b. Eguivalent to a specific ccnductance of about
750 micromhos.

Most of these-are only: reCOmmended limits, and water therefore may
“be acceptable to many users desplte .congentrations exceeding the
given values ExXcesgsive iron:or manganesge causes staining of
porcelain letUtES and clothing, and impairs the taste of beverages.
Large concentrations of chloride and dissolved- solids also impart
San . unpledsant taste, and sulfate can have. a laXative effect on
parsons who are drlnklng a particular water for the first time.
Excessive fluoride tends to-mottle teeth, especially those of
children, and a large amount of nitrate is dangerous during preg-
nancy and infancy because it may increase the- ‘possibility of: &
“Fhblueé~-baby" diseasge.

" The arsenic content of drinking water is. partlcularly 1mportant
because .of the possibility of cumulative p0lson1ng. The U.S. Public
‘Health.Service (1962, p. B8) states that argsenic should not exceed
0.05 ‘mg/1l in drinking water.

The Lacterioclogical guality of drinking water alsc is important,

but is outside the scope of thigs report.

__.32_



'

The hardness of a water ig of concern’ to many users. Therefore,
the U.S8. Geological Survey has adopted the following rating:

Hardness, as CaCOy
(milligrams per liter} Rating and remarks

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

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

laundries)

121-180 Hard (softening required by
laundries and some other
industries)

More than 180 Very hard (softening desgirable

for most purposes)

The data in table 17 suggest that generally suitable water is
available throughout much of each valley, but that problem areas do
exist, 1In Penoyer and northern Railroad Valleys, for example, many
waters are hard or very hard. In southern Rallroad Valley, the more
concentrated waters are soft or only moderately hard, but contain
excegsive fluoride. Soft; fluoride-bearing waters also are charac~
teristic of deep aguifers adjacent to the central playa in northern
Railrocad Valley. Most of the thermal springflow also contains
excessive fluoride, and is hard or very hard. Constituents that are
not a problem, exXcept in a few local areas, include iron, manganese.
sulfate, chloride, nitrate, and dissolved-solids content. No arsenic
analyzes are known to have been made for water in the report area.

If any doubt exists regarding the acceptability of a specific
water supply for domestic use, contact the Nevada Health Division?’s
Bureaw of Environmental Health, Carson City-

Suitability for Agricultural Use

In evaluating the desirability of a water for irrigation, the
most critical congiderations include dissolved-solids concentration,
the proportion of sodium relative to calcium plus magnesium, and the
abundance of constituents such as koron that can be toxic to plants.
Four factors used by the U.S8. Salinity Laboratory Staff (1954, p.
69-82) to evaluate the suitability of irrigation water are listed
in table 18, and are discussed briefly in footnote 2 of that table.
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Minor amounts of boron (up to about 0.5 mg/l) are essential to plant
nutrition, but larger concentrations can be highly toxic. The
approxXximate upper limits recommended for boron in water irrigating
sensltive, semitolerant. and tolerant crops are, resgpectively, 0.5-
1.0, 1.0-2.0, and 2.0-4.0 mg/l (National Technical Advisory Committee,
1968, p. 153).

Except beneath and immediately adjacent to the three playas,
almost all water sampled in the report area is chemically suitable
for irrigation.

Most animals are more tolerant of poor water than man. 2Although
available data are somewhat conflicting, a dissolved-solids content
less than 4,000-7,000 mg/l (equivalent to a specific conductance of
about 6,000-10,000 micromhos) apparently is safe and acceptable
(McKee and Wolf, 1963, p. 112-113), provided that undesirable con-
stituents are not present in excessive concentrations. Thus, almost
all sampled water within the study area is sufficiently dilute for
livestock,

~34-



AVAITABLE GROUND-WATER SUPPLY
The availzkle ground-water supply in the report area consists of
two interrelated guantities: The perennial yield and the transitional
storage reserve.

Perennial Yield

The perennial yvield of a ground-water reservoir may be defined
as the maximum amount of water of adeguate guality that can be withdrawn
and consumed economically each year for an indefinite period. If the
perennial yield is continusliy exceeded, water levels will decline
until the usable ground water is depleted or until the pumping lifts
become uneconomical to maintain. Perennial yield cannot éxceed the
natural recharge to an area, and ultimately is limited to the maximum
amount of natural discharge that can be salvaged for beneficial use.
This salvage implies diversion of ground water presently destined for
areas of natural discharge. including outflow, to areas of pumping.
The diversion can be accomplished by lowering water levels in and near
areaz of natural discharge, utilizing the transitional storage reserve,
as discusged below.

The estimated perennial yields for valleys in the report area are
listed in table 0.~ Southern Railroad Valley apparently loses about
5,300 acre~feet of ground water per year as underflow to northern
Railroad and Kawich Valleys. by way of consolidated rock as well as
valley fill. Pregumably. only part of the outflow could be galvaged
by pumping; for this reconnalssance. the feasible salvage is assumed
to be about half the outflow. However, 1f all or part of this guantity
is salvaged in the upgradient valley, that amount can no longer be
considered available in the downgradient valleys. Nonetheless, because
the pattern of future development is not known, the galvable part is
included in the perennial yields of both contributing and receiving
valleys to determine the maximum yield of each.

Transitional Storage Reserve

The transitional storage reserve hasg been defined by Worts (1967,

" p. 50) as the quantity of ground water in storage that can be extracted

and beneficially wsed during the period of transition between natural
equilibrium conditions and new equilibrium conditions uander the perennial-
yvield concept of ground-water development. Thug, the transitional storage
reserve 15 a specific part of the ground-water resource; it is a guantity
that is available in addition to the annhual recharge, but it can be
withdrawn from storage on a once-only basis unless replenished.

Ground-water development inherently involves storage depletion.
The magnitude of depletion depends upeon the amount of pumpage, the
hydravlic characteristics of the aguifer. and the location of wells
with respect to recharge and discharge boundaries.
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Table 10.--Freiliminary estimates of perennial yield

T T T T gt inated paremnial  msswmptions reannding
) Yl?ld 1/ gquantities salvaged
Valley {acre~feeot).t - __fmee table 9)
RAILROAD
Northermn part 75,000 All evapotrangpiration. i
Southern part 2,800 All transpiration, plus
about half of subsurface
outflow.
Entire valley a 75,000 All evapotranspiration,
(rounded) plug about half of gub-
surface outflow to Kawich
Valley.
FENOYER 4,000 All transpiration.
1. The generally poor guality of ground water beneath the playas may @

limit developmant.

a, FPerennial yvield for entire valley is lesgs than summation of yields
for northern and southern parts. Summation would incorrectly
count gome water twice, because evapotranspiration in northern
part ig fed in part by subsurface inflow from southern part.

Computation of the transitional storage reserve for valleys in the
report arez e baszed on the following assumptions. (1} Development
wells would be strategically located in or near the areas of natural
discharge, 3o that any subsurface outflow could be reduced and any
evapotranspiration stopped with a minimum of water-level drawdown in
the pumped wells. (2} In general, water levels would he loweréd to
and stabilized at & depth 50 feet below the land surface in areas of
rhreatophyte growth, which would curtail virtually z11 evapotransplra-
tion from the ground-water reservoir. (3} Long-term pumping would
cause a moderately uniform depletion of storage throughout the valley-
£ill reservoir, except possibly in the very fine-grained plava deposits,
where trangmissibility and storage coefficients are small. {4) The
specific yield of the valley £ill is about 10 percent. (5} Water levels
are within the range of economic punping 1iFt for the intended use.

{6) The pumping development causes little or no effect on adiacent
vallaeys. (7) The water 1is of suitable quality for the desired use.

Table 11 lisgts the preliminary estimates of transitional storage
reserve for the report area. For each valley, the egtimated reserve
is the product of (1) the areca beneath which storage depletion is
expacted, (2} the average thickness of valley £111 that must be

3G



e
'

e 3

4 TSI
" i L

Table 1ll.--Preliminary estimates of transitignal storage reserve

-
P 3

2,
11

ﬁ Tt T Transitional
i Selected storage reserve
- Selected area thickness of (acre-feet, except
; of depletion depletion as indicated by
i Valley (acreﬁll/ (feet) fDoEthe)
' RAILROAD
Northern part 600, 000 50 a 3,000,000
. Sputhern part 200,000 b 20 c 20,000
a 400,000
PENOYER _ 220,000 35 770,000

1. Assumed to be about 80 percent of alluvial areas. listed on p. 10,
because of inward—-sloping contact = between valley f£ill and
congolidated rocks,; and because some alluvial areas may be
underlain at shallow depth by pediments.

L2

a. Includes about 200,000 acre-feet of saline water beneath playa.

b. Thickness required to salvage about half of the subsurface outflow
(table 10) is unknown, but a lowering of about 20 feet would stop
all transpiration losgs.

c. Transitional storage reserve per foot of dewatered thickness.

d. Amount of stored water to be removed to stop all transpiration.
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dewatered To eliminate evapotrvaonepiration lozses or to salvage part
of the groand-water outflow ’mvuupt 23 indicated by footnotes a and
bl and (3} an assumed specifis vield of 10 percent,

The manner in which transitional storage Yeserve augments the
perennial yield has boen described by Worte [1967, p. 523, and is
shown in its ummplitmai form by the foliowing sguation:

O = LIAnsiticnal storage reserve | Perennial yield
T i 2

in which Q is the pumping rate, in acre-feet per year, and t ilg the
time, in years, reguired to sxhaust the storage reserve, This basic
equation can be modified to allow for changing rates of storage
depletxon and salvage of natural discharge, but it 1s not valid for
pumping rates less than the perennial yvield.

The equation ¢an be used to estimate the time (t) necessary for
depletion of the transition2l storage reserve in a particular valley.
Using the above equation and the estimates for northern Railroad
Valley as an example (traneitional =torage reserve 3,000, 000 acre~
feet, table 11; perennial yield about 75,000 acre-feet, table 10)
and using a pumplng rate, 0, egual to the pﬁrdnnial yield, the time,
t, to deplaete the tl&ﬂm‘tLOle storage reserve is computed to be
about’ 80 YEeAars.

What the z2bove enguation does not indicate 1s that in the first
year of transition, virtually all pumpage would be supplied from
storage, and very little, if any, would he derived by salvage of
natural digcharge. On the other hand, during the lagt year of the
period, nearly all pumpzge would be derived by salvage, with
virtually none from the storage reserve.

During the period of depletion, the directions of ground-water
flow in the walley would be modified substantially. Ground water
that originally flowed from the peripheral areas of recharge to the
central avea of natural discharge would ultimately flow directly to
the pumping wells.

The ahova equation can be used to compute the time requlrud
Eo exhaust the storage reserve for any selected pumping rate in
excegs of the perennial yield. However, once the transitional
storage regerve iz exhausted, the pumping rats would have to be
reduced o the perennial vyield to avoid an overdraft and a continued
increase in pumping lifts.
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FOTURE DEVELOPMENT

Present-day (1972) development of water resources in the study
area is small: consumptive use for agricultural, domestic, waterfowl,
and industrial purposes in Railroad Valley is only about 17,000 acre-
feet per year, compared with a total perennial yield of 75,000 acre-
feet. Properly planned additional farming might be successful, pro-
vided that soils are suitable or can be made suitable with relative
gase {see Summerfield and Peterson, 19271, for an excellent discussion
of the soils in Railroad Valley). According to Summerfield and
Peterson (p. 10, 28), the average growing season at Diablo Maintainance
Station, in southern Railroad Vvalley (altitude, 5,000 ft), is approxi-
mately 150 days for a 32°F (0°C) frost. However, the season on lower
parts of the valley floors probably is shorter because of cold air
drainage from higher altitudes at night. Similarly, the season may
be shorter in the northern part of Railroad Valley because of higher
altitude and more northerly latitude.

A possible future use involves the development of ground water
in Railroad Valley as a supplemental supply for the Las Vegas metro-
politan area, about 150 miles to the south. Although the estimated
unit’ cost for importation from Railroad Valley is higher than the
costs- for most other alternative plans (Blackmer, 1970, p. 39). the
pogsibility may receive further congideration as Las Vegas water
needs grow.

Brine disposal at the Eagle Springs 0il Field will continue to
contaminate shallow ground water locally in areas downgradient from
{presumably southwest of) the disposal ponds. The ultimate extent
and degree of contamination, both areally and vertically, are diffi-
cult to predict, but could be monitored with an appropriate array
of observation wells.
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NUMBEREING S¥S5TEM FOR HYDROLOGIC S1TES

The numbering system for hydrologic sites in this report indi-
cates location on the basis of the rectangular subdivision of public
lands, referenced to the Mount Diahlo base line and meridian. DIach
numker consists of three units: the first is the township north
or south of the base line; the szecond unit, separated from the first
by a slant, is the range east of the meridian; the third unit,
separated from the second by a dash, designates the square-mile
section. The section number is followed by letters that indicate
the guarter section, quarter-guarter section, and so on; the letters
a, b, ¢, and d designate the northeast, northwest, southwest, and
southeast quarters, respectively. For example, well 8/56~-26bad is
in SE4NBE4NWY sec. 26, 7. 8 N., R, 56 E. Sites in townships south
of the base line are indicated with an "§" following the township
number (for example 18/53~28bda); location numbers north of the base
line have no letter following the township number.

In this report, most sites identified with three letters are
in areas where detailed U.S. Geclogical Survey topographic mapping
{scale, 1:62,500) is available. In other areas, sites have been
located using asrial photographs and a2 less detailed 1%250,000-
gcale map. An index to Geological Survey topographic maps in Nevada
can be obtained free of charge from the Geological Survey, Federal
Center, Denver, Colo. 80225.

Because of space limitation, wells and springs arxe identified
on plate 1 only by section number and quarter~gsection letter.
Township and range numbers are shown along the margins of the report
area.
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WELLL, AND SPRING DATA

Information regarding selected wells: and springs is listed in
the tables that follow. Included are well data (table 12), well
logs (13), water-level measurements in observation wells (14), spring

data (15), discharge measurements for four of the largest springs

(16), and chemical analyses (17).

More than 30 oil exploration wells have been drilled in Railroad
Valley ocutside the Eagle Springs Oil Field. Logs of various types,
including lithologic¢ and induction-electric, are available for many
of these wells, and for most wells in the oil field (Schilling and
Garside, 1968). The data are on file with the Nevada 01l and Gas
Conservation Commigsion, Nevada Bureau of Mines and Geology cffice,
Reno, Nev,

~A1-



Tabla 17.ce i1 dpca

Locacion: A: agteridh fullowing the locat lon numbar dndicskas rhar rhe well was nor vigited diving Lhe prusent wludy, sofd Lhae fhe peeet Toeatfon in
uncertaia.

bepih:  uapthe fullowed hy ancerfzk were meagured by Uad, Coologledl Suivey perwomnal Tab Hlme of watar=tevei anasncement: 3l ochers are yoparted depche, - T
Uge:

0, demencicy Iy explovatory; I, fadustrial; Tr, dvrlgatlon, 3, xteck; 1, uneed or abandoned (Incended or tormer wae iu puccallcscd) .
Lunducelucu altltudut Altliudes dsturmined by sltimeter, or tndicaced on prsr-1960 topoprephie Nags, oie Tollowsd by an sxberink.

astimated asing tapographic mape ot reparced datd.
in plare*| (mee "Prymingraphdc Secting” in ToXC).

Dthar alrdtndes are
altitudes 1isted hkre du cwi ueceksearily sgres with rhe Leess qocuvace copograplile conlours sléva

Wacer Level: Measurcments recerdud Lo tentla of loodsedtla ul s [ueb wers made by 1.5, Genlngical SUrvey personucl, wod coprwssani dapth helow Tandemurfaee -
darum; wosC weasuresenld fveorded Lo oserest fuot wezwe reported by wwll dedtier ar cuncr,

Bemuzky: -, chemlos] unﬂ:’ﬂ'ﬂ in "f:hll- 17 1, deprh, An feec, at whlch WALy vas [ivwl cacouabwewd during deilli i Ly oarillerTe 1oz 1o rable 11, or il :
sufurwncw Lot Leabad (MHEoll. B2 frra ra takin and azhevs, 1951, Lable Y% gce "Relacscows’ awationdi, 0, vherrration welli. B, ropovced woll depul -

whun delllald: 5, Tog in Filem af firare Enpineer (Hrate Log nunber 13 Ludivaled)s T, Lemglh ol o lue hetueen wtacr 6F pmp regz and mesgurémeac of

dravdmm, in hoare.

Vo -
. . Lund Water-lovel
Yiur Yield {gpm)  sorface muaul st
A arl1lu DupLh D lumctey and drawdown  altdtmle Luplh Duts . .
Locsbioa . " Omaer aad{or) name ar dug.  Cheec) ilnches) U {fuer) (oot} (lent I R al 1 Rosarkr. .
: ‘ RAILBOAD VALLEY . ) B ' o -
155 H2the Jow Palllul (HL1low Wlleh 1954 o [ 4 - 5,930 335 - L= =hW red3h; Gmi0B4 L. '
o edl) L : : o .
L5/50=30bda Jom Falnd {(Reep wsll) 1650 465 [ 5 - 5,20%% g Li— [T
: . . K ’ L1467 3-28-72 . . .
L/h3e3due “Joe Fallind (Eag\: Slde well) - 120 £ 2 N - b ALlA FELTE 3e30-72 O L ' PR =
~Tadn  Juk Felllol {new Fred's well)  — | 384 # 3 - L BOLbe  Ben tahle 1A & . ST
—/bba Jam Fallind (raxe Stand wall) 1968 200 & n — L TER 180 TeiAn; w=THE; L (Bull. 12); 0,
172 ..
=Melen: Jox Fellini (Pyraidd woll) 195 aFh . 5 1/-- ERUREES et I Ful20: S=lliba; 1., Iarfornt lony,
. I05-272 tt.
-1db Hevada Deapt, ol Mpheays 1257 282 4 n, - T D0Ak 215 5= =h/ u=vh W L.
2/53=-23che Juw Falllul {Sunrise weoll) 189h% 150 ] 3 - G A, m”“} A= =il Pall{ EmGffS: Lp O
LlLu/n o
3/53-25bue Joo FALLInI (Ni's wveil} nre-1943 204 ] 5 - A MARK 143 =972 G,
3/94-5he hotemn wnd Curwld Sharp .11 a4 LA S - EFCLIE A5 11= =43 FainF, S=/hé; Lo(hait. 120 0
(Gusl Eunch well)
A an-1FAdn bl Canay (HelLes wwll} o8l 151 H % - 4 HLl% LA Sm -AR F=130; GehT10OL (Mell. 1X).
. s A LAFoAl h
]
&/ 55=-1%0 Herman and Gerald Sharp 1951 255 4 H - %0001 aln 17045 L; €.
213.81 . -
a9/ 344 2bdel Bd Ciaey {Forgy welll 1931 100 4 7 - hy Rk q% #- =51 Faln: EelVal; L.
346.3%  10= TaTl
—d4dah fd Caemy (Htome Cozzal well) 1944 L I 5 - G Wil Hi f-  -AF  Fen0; Se0700 L (Dull. LY, B0t
: a w 1-2H-67 Vintwd in e, 323,
B/ 551 hudr - 1960 n - i - A, TR5 17 1a0d) L. )
—37chh Nrk. AL R Gilxen 144t ai 1% UiIch 5,000/-- dgies 3 fa mhi Tail §e90LU,  Vertoral lons,
20e230 Loy ooy, 547K (L5"C).
—27che  at. T. Gllacu VIRG ) 18 uiIr) LTRSS A, Tk al - -hD bl Ferfoeations, .
fO-26h e temp. SOTF [1T.5000
-2dbb  Amy Colline 1364 218 It nriey - &, 7990 1 Do A4 redd; SeRETT, L, .
-321:er‘ Warres - 240 - (k4 t - 4,820 - .- HmQ75%; Ly oL
=33hhw W. B. Gibaon s 249 pEU niire) B —— A,80% a2 L= =hh FeR[; N=R79L, 10389, Ferbnra- '
rians, 79=24% fh; Lunp. 38T
(155G,
Sa%ddd CMre. A M.t beem 1965 1 "W [TAES] - 4, 5201 BN fm =BG smf780, L. Tewp., H¥°F (1540
=Viaba Movwwn wad Ceruld Sharp REL 73 L] [ E-H] FHEES 4,707 27 f= =4l Fei; tweiRA9. Factorarilenc,
] . .29 10-13-71 d3-75 Fr; oremp. SOYF {1070,
Wo K. tilheon 1445 A 16,12 Ic,D - 4y K 7 - =03 MO O Wall welglually
ET.AF 10-1377, 220 fr deep, with water lywal

ut RS [r i Feh, 1464, Farfos
tativmu, 79-385 fc,

Hozman und Gurald Shaxp 1465 3% 16,12 1r L uund—— A Ernd 53] 18- —fh  Fedi; heR707,  Perforaliood,

Y otey temp. SOVF
. AT

=350 A, 1967 dzy it Ir - 4,015k i 1= =55 Pedds Segiit,  rerforslioae,
LOD-3 Mg temp. BOYH (15.5°¢C)

=35l Jo. 1904 320 1ix " (LU 4,4502 & Nim  =hh  I'm77y GeR¥HZ. Tomp., ROTD
CI8.5"0).

=dindadl dua Lus I3 £ 3 Lidip) == AL I TR b= =h]  V=AM; N=1R50, Periovationn,
Gh=tis frg n., HOYF LLGRCY,

=3adudl . 10&5 1/ IF Wiie} - &, 500t G043 1= =@ FafOp E=/90; 1,0 Perleratleus,

BLEL I=15=T1 Ael7H Ity vemp,, MOTF QI GV

G/50=22dds kg tinrean of Leod Hunage- - AL [ ursy .- AL TAD - -

memi. (Nyslu well awe, 1%

U.5: Burean af fipurkh 1410 ris & W Ecwarks 4 1 1ot 1N=13-71 L 3ull, 19); . wluw LEO-Z3CZ : =
Fiuhories and &10d14Fm gpil A L90di-dn; 120-180 gpe
(old wall uo. "y wn 10-13-71.
-14aded  Sharp parbaecably ' L9k 285 ] 5.Ir Lo/ —— A, TEN Fluws = =il S
=18dkd 1, %, Durnan of Land Hacages 170l IR0 h 4 40-45/-= 4,71 iews  10=13-71 C. -
mapt {Fyala woil me. 1) . i -
—57ank Minep paztoceship 1062 B i) BT 107 fmm 4,708 Plown 1= F=T71 H=1070%; L; C. Flowy moasurasd _:;
e Flow 52 ad)acont (00-fr
wrbl =27hdd 4N=50 gpen (Mearuted), N
A e, oo 3edl-72,
/0 )=idda Il 041 Lerp. 146 180 L} Uil - L] 2 11- =47 B=yuid; L.
1/51-28ea Eheli 11 Gl 1955 L # (83 20 - P I lenan 8w =550 EeILAN: ) includes daTa ko
1,711 tr trom addacsnt il

eipls hoalatg O

FloE=1dd# U.5%. Burvuu ol Epove 14107 70 - v Haf == A, 700 Flows RO S LT T T I B i
shbr inn wnd WIld1dfe M :
old will po. 3™ - - *
EXGED fhell 011 Co, 1954 2RE & ucLd Afarm 4,718 - e w967 L.
=Mlab du. 1954 10,163 - ULEY - 4,709 - - €. Tompetatned low Showm on hd
B . pl. 1.

-43=



Table 12.--Hall duba——iont inumd

Tand WAFRT—TRvnl
Tear Yiwld (kpm)  wurfuec MR IUY ERENT
drilled Duptli Dlamatur uml deavdmm wlticude  Duplth Dutn
] n Lecatlon Ognet and (or) ndlle v duyg (laet) [Ermey) Vnx (Iant) {funil (Eunl]  munnuzml Nz kA
HaG=dzgbl  U.5. Durcau of Hpore 19127 795 - u —_ 4,707 Fluwn 12342 T. (Bull. 12). Haunlt wneounleswi
Fluhwilen snd WETd10[w ar T4 fi,
{("ald well na, %7 ~
_ ~3nch2¥ Taknowd - 2 & 1 - f, 707 ALRE T-18-R% . May he oncavad remadndar of
- : umli Anrhi.
T =10l Gull Ui Carp. i 428 N0 uCL) 9325 4,707 - -- Ta; E=9U46; L. EBultlde ador;
water too salty tor use In
. drllling wil wxpl. well,
=lddd WS, Burcau of Zpore ' 12127 Tal - " - 4, T0R —_ -- Lotandt. 12 Tiwfwd In asc. 113,
Fisherlus and Wild1li{k Neattarad paringrits helow
. (Mold wall neo AT Tik re,
=11h%™ - An,  (Meld well ao. 2" 191 I3 - i e 4,708 - -- I (Bull. 123. Baacrered
. waylnwstte helow T18 Thy
mammive hajrw 781 ft.
-tiak dn,  (Mald well qo, £ AN oy - T - G, 70K - -- L (Bull. 11}, Susliaied
gnylunnlle balow 798 [LE
mannlve halow 106 (oo
rAT=bane shell OLL Co. 1861 7,687 - u{E} -— A, 720 - - 1.
=hdhb de. 1861 (4] [ nit} - L 120 i} M- -Gl E=lg7 BeLOUL, Lo
u =acan do. . 1901 L ] ugtT) - 4,711 1n? 1= -A1  Fafin; Hef2ZA3; L.
=17bu Gull QL1 Co. lon8 an A niry -— ,71% ' - - e
ullant U5, Enzese ol Land Managu- 1069 130 L] H ERYE) &, ThRnt | b= =AY Ted; el NeRA L
mant. {(Lake well}
Rfun=rdat 1.4, Aurgay of Spove 1814 oog u,0 [ §5=11%/am &, 714 Fluwas 1934-35 L (Bull. 121). Tlow meddured
Fighwerdies and Wildlile In 1934-35.
(M wall o, LM
&/ 9h-2rha dn, ("mew wall no. &' 18034 ajy L W 193=192/-- &, 712 Fluws 1934-35 Do,
=Idac dor (Mold well wo. 18" 1912 1,204 n 1 tenarix [Ty Flown 10=10-71 1. (Bull. 12); €. Fluw 20E~234
Luwwn wx "Blg wel 1) upr i 1934-3%; 230 ypm un
d-17-n53 191 ppm om 5-R0-5I;
I3-ME apmoon lU-L10-71 (6TE,
14,5701,
c=larh Ao, ("new well o, 370 193 =50 [ W Rainn s ke 4,731 Flowa 10-17-71 L {Bull, 12%; ©. Flow 10G-15¢
g Lo 1934-351 00-10 gpw 0
Ih=1n=71,
n =4rhh Hbhell 241 Coy 19323 L O - U{E} - L, 732 - - L.
- =dbbad Augered by 003, Quelogloal 1971 i1 & F —_ &, 700 1.z M-13=71 L; €.
Ancrwy
GFR7-7Ink Wurean ot Hpact tais Hin [ [N 110-125f— [ AR 1) o S=a1=%5 L (mad ], 127, Flow measnursd
. Ficherics andWildiibe o L93
Muew well oo, &M
- . =7in Ao L Sother land 1971 §5% R [HIRD] —_ h,727 1.9 1n=11=71 .
- “lAked  tarl laaks (RN 1A% 1h 1T B f—— £,TH9=EN Flous g- =51 12245 L. Temp. 71°F
).
1
. =idade Ehell 011 Ce, 1840 G4 1] UiI m/-- &, 700 .70 10- B-71 Re=0h; Fel; EelEYLl; LG O
o TITuRe Shell 011 Co. 19%4 R ,038 - 1K} - A4, T4 = L C. Vulluy [I11l penetiadied Lo
* ' 8,14 T conaul ldrlud vochks
he Lo
\_ ' -¥Vddas Carl Hanke 1951 ezu 1] o - 4 7L 12 f= =4l N=lfvn, Vertoratione, 1A=17h £
. Temp. BHYP (Z07CH,
SfRA=3"1a H.%. burean of Land Manage- 1387 (li} ] H == L, &0E [ e =7 ImhL; LewhiERc L,
ment {new Wells Std. well) .
W hb=1ahda LeRoy Sharp (Irapp Sprivg jR-13 101+ B F L) b4, T7E* 1.% J- -4 Relld: C.
well) . 1.1 10-10-71
=thewe 1 Buzman ol Spuct 1934 700 i1 W Romatks 4,730 ¥l B-12-35 1 (#ull. 12).  Flew 90 gpm, 37°F
rikhmriee and wiidlifa . t14YE) an A-17-6RE1: 03-133 gpm
("nrw well no. Y (LSRR
=dnnda do. {Mew well o, 2M) 1935 L4 b W Runurls £,732 Flows G-12-35 L (3ull, 1Y, Flow 38 gpm, UL
5570 oo 7-18-69%1F; &3-50
g Ln 1935,
Hnd-lasn Ao M. Whiteetr, v, 1454 Fi) L IT 1,000/20 4,900 Ly Bil-nd  wmiyw; GetE0¥5 L.
111,03 1B-12-71
=ibal B. M. Oulw 19534 Bk -3 nin - L,Re7* 787 he =54 Rel00; P290) S«158%. Ho
BR.3E 11-11-%R nae sl lona.
EG.08 1n-12-71
—fdah fradmral Avintion 1963 LAt [ 1 14/-- 4, iyt T = =R%  umTk; se7lAD;
Adminictracion 10,83 A-11-71
a1Zub* 0la Dt tard 1964 2 13 ulel - A, RAOT o0 106% Pal3d; s=87154.
=Mfruh  Leitoy Sharp (Gravel didge - T & Rematks L] Flewr - =Pl . Flow 3.6 gpmoen 7-19-F08/;
well) . gpm oen L-fi=71,
_ =daedd  Horch Awcrloun Respurecd 1847 B, 634 - I - T 4, 74T - -- 2, Valley till penctraced co
- Cuc . f.la5 Py condolidarcd rocks
Lulow.
= 1ibh% shatl 041 tin. 1956 S0 b uiny 25051 4, FaN0 A I- =38 I=3; 6. I'snabratad rand
\ and gravel, with rniy 107 ¢lap
- - =ibfane  Nerch Americon Rogowrces 189557 738 [ o,I - &, 759 4.4 1u-12-71 &,
neTp. 3.3 4= 1-72
- =35badl  Shell 41 o M%7 & 3] iy ATl A TRE 15 12+ w3} A=2969. Purloiulluns, 40-00 fr.
EREVETF de [REK] BT o iy - Lot ry 14= =51 N=U4EHD L.
- 15had ¢ - - FEL I EIY - PALTY i EERI L
=d5hady hhell 0Ll Do, 1454 10,354 - 1 - LT - -- L, C. First oil—produciris', well
En Huvadu.
“ W 5A-18hea Bine Bagin well -- -— & 5 — £y KK SrLM - AT
- H)yy=ad Callaway well - Lik A 5,0 - 5, 500 WL lE 4=lh=dH
B SN o=-18-5/
R .



Table 12,--Kell data~ionkinued

Tand Watar—Taval
Cunr ¥iald {zpm)  curtace meamuranant
drillad  Dwpkh  Dlamcler and dyawdown  wlrltude epth mate
Lecation Tunar_wid (o) acue or dug | (fest) . (fnches)  lse [{) [T ) (fect)  measured Rpmarkk
11/57-124da  Wayne Mobarty 1064 401 14,14 1r,0 [T E 5,050 184 1l= =hh  3=0335H, B30&4; L, Hecll originatly
. E27, 7% i0=-12-71 2 fe dawp, with wvater lovel
Ty £r (30-a9).
-1dbaa  Jor Kadiley 1947 LK) 18 uiirl AN = 5,020 - - Falad; F=lONIL,  Pertaratinns,

! 148-315 [, .
uwlicba do, 1947 am 16 T{Ivd 1,000/ - L] [L15s - =A7 N=I0AZ2. Perfucatbocu, 160-300 +f
=Yinma RIll Fat¥our 1966 G246 1k U{Ile) - T &, 050 145,43 A= 1= nm437, 930 Fegloowtlond, 170-

' 250 1T, with npan-Andnd ooy
. ar 250 Lr, Wator lewel wom ot
114 7t prio Lo decosaing trom
MR ft te 326 [L.
=l5aaa tiarl tinll 1964 oy 16 ufird AR/ - &4, 83.0%  10-12-/1 F=LOb; F=49407 L.
—13add  Charlex Wilmnn 1970 251 1k ufTrd 1,5 == A i &0 4= =70 FH8E; E¥11008: £, Perfarstionk,
ER~140 [r.
=23uuw B, K. Byidges 1965 358 15 U{Ix) 1,580/-- 4,60 iGA 1- -Gf  bmlffii SU9328. PForforociens,
L, 8% Lo-Ld-7L TRR=304 1. .
—-25abe Pandini Patvo)eum Go. ESLLT 5,55%h - viE} - ELH . - L.
-27uan Lion Watdom Jeng 00 16 UiIch 2,450/ 4,900 L] G- &% PaR%; S4lLa00; L.
i TLAn n=la-7
i A ¢th amphal 1l - 158 40 1 - 4,8308 7 wedsuromencs borgonn d=1=Af and 2218253 ranged
tram 194 £n Ll.hl tE.
=32bLl , ey au 348 4 U - 4,R7T Flown 4=25-0% L {Bull, 1¥): &, wliw IO ppm
Ton 2-3=15; 4l gpm oon A-29-4R
after nlawn-uuly 250-350 zpn
nn N-7-67.
10/59-16 U.8, Burcay of Land Manage- 1342 L] (] juf -3 —_ F, Tho - - 1.
nont (Mearonle well}
[FREEEP ALY KA HA'l = bamd - 17 —_ B - b, A00L .5 11-1i0=50
11/t~ adc dn. 1959 250 14 uiTr) KROZIG 5,095 29 12-17-59 TIml; Prii; Nes?iR; .
8.5 10-12-71
11/%7+0ed V.4%. Burcay ot Land Hanageo-— 1847 AR4 f a - S0 timn table 14
mant (Rnl1 Ck. weil no. I
11/59-14ba Hevarta Bept, nf ilighways 1968 250 10,6 L hrli:!i) £, 300 ar - —bB T4y EewdsA, M0VAR; . CQancd o
160k £r; perctatatimme, A0-140
fLy prlacipal warer-hearing
. mune coulwe gIavel, MU-40 fr.
L/ Ss—ghed W.%. turean nf Lamd Hansgu- 1958 due L] H - nL.07d 230 1= =oft redAf Hed000; L.
mant (K. Durkwstsar wsll) W5, 07 In- §-71
12/56-34eha Copper Shecp o, 195% 202 14 (1x) - S,000 7 10— =58  PaZb; 5=bi/d; 1.
12/57-0hich H.t. Angwas of Luod Mauage— La4d AkR A g - 5,500 3 70k f=lR-AB .
ment [Bull Gk, well ne. 2) ArLebh iD= BT
13/50-194dcL - L 3 1] 17{n1 - 5,078 2l -
=29:ha - 1971 103* ] D - 5L EN0 26.57 10-12-71
14f55-12kdh U.8. Burcau of Land Monage- (XL AR f r - h R hry Oe23ai7 L.
munl (Foinon Puloh well)
L4 /54 1onch - . - Faicha) 0 u - %, R20 204,70 [ RV
15/55-110% U.5. Burwau of Indlon Atfaive 1951 2k - T - byt Iy 0.23-57
15/57-17ded  UeS. Wnrean of Land Menkpe- 1044 121 [ usd -— &,070 04,80 4-2Y-4B Rednn.
ment {Carhedral weld) 101.84  p-l/-bb
208.137 10- 5-71
wllZba*  H. L. Marzin 1949 80 16 Ik Jui0 iy nans [l 6w =£7 FmlB0y S-1LlO/1; ).
th/50-70da%  Hhall 001 o 1856 450 b U{E) /- 7, 5004 ) - =67 Hmi01%8. Forlovatiows, A0-7%40
fh. Wetwr Leap, 05°F (L9570
PEMIVER VALY . '
15/55a23u - - - 5 - J.0ank 237.00 10- 7-71
2if55=1Tde Honwat Julm well -- - - ENBE TATLTR L 10a 771
28/50-1a thadnw oall - - [ - & L 50w Ha,81 0= =71
~Gud* Burns Banch 1970 120 [ L - - us a0 Eal LRI LR
REFRT T Y R, Y. Harioa 1367 227 1,00 uiir) - A REOE 113 1807 BeYLHNG |,
. 118,10 1D- 7-71
=24ba R, iy Marlon 146G aa 16 TI:) - R ihs 1754 Gu7670. - Chick aquifer [45-231 T¢
, : L4k 1s o= 7-71
-25b1 Bourhweatern wel | - pEcA] & A - 4, 880 1s1,81 1= 1=
-15p2% J. H. Cruy 1967 415 16,14 Tilx? PR AR A, 000 16E L1907 5-9491; L.
384 55=4bd Niack Kack wall - 0 a E) -— Ay ThIN 13.75 Re Gu4f
11,06 1= 7=7t
e - -- -_— 4 N - 4,890 G, 50 L1="0-R4 )
-l4ce H. 7. Gunderscs 1363 2R 12 Ir - - 102 1401 Emabdl, ChisF aguifar 138238 Ir.
Warcr temp. WAV (PA.GV0).
=21de Humbar A welt - - £ g - &, g PT.AA 11-20.80 (.
M50 10- 7=l
=28 0. C. Cay -= 2507 itk uilr,m - LR 87,30 10— 7-il
-19 Herbert Oons 196R1 ng b 0,1 10— - TE 1861 Irmyh; 5=f07R; . Ghlef ayullex
- . B=200 Fr.
= 3kc E. W. Cuudergen 19R4 240 14 Iz, 2 L500-- 4,870 A 1944 Fulll: =0,  Chial winlifn
15240 L. Logsed only rand
ane praval.
-3lde+  F. J. Homoen 1066 250 10 Ty EI LT A, 890 135 bEIT swylyh. Chlef agnifer 135-200 L.

—4du

Lagged only somd sl pravel.




]

Iabla 12.--Well data-—Continusd

- .. Land WaLurulavul
Year . cYield (gpm} murlace masmnrad
drilled Dagth Dinmmtar and Avawdowm altipude Depth Mace
Llovation HET @nd (o¥) naow ob duyg (fmrt]) {inches} Uae (foer) {feech GEeEL) wkswarwd
38/55-32cek C. F. Pogua ignly 137 14 oI, U} nn/— — m 19E0
-3ccd Addie Hasreiler 1964 33 15, L4 [Hg1 9] - 4,870 114 1964
-34cc% Johanna Wackerle 1964 =37 16 Urle) 2,500/57 au m 1966
-i5ddk  R. T, Aaker 1968 71 111 ufigl - - un 134
~5tnd -- - — ] -- 4,470 137.80 1liw T=71
I8/ 56-boa Butims wall - - ] g - A TR .M 0= -1
-17de - - - - a{ir,u - o848 101,43 10- 7-71
L5/3—2ed - - — [} & - 4,887+ 142,70 11-20-6%
-Jcck W. ¥. dcoe, ar, 1343 208 16 U{Ic) - -- L JELL
—hel - - — [ vig) - 4,870 111.32  11-20-89
1280 - -7
—hak == 1970 400 16,12 u{ir) 1,00/206 A, RRN 156 1970
-5ch G €. Englemann 1366 250 16 uiIr 2,500/ %42 - 185 1946
=That Butnm Ranch 1984 FLL L] 8 - - 19% 1355
=2bb* . i, Englemann 1960 250 16 U{Tr) 7,500/ LK 4,930 1Rs 19bb
—he _— - - 14 U(Ir) == 4,950 185,000 0= 7-71
-10dd* . G, pertkine & Assoc. 1966 470 14 ULy - —_ kX% 1%
-13bb* do. 10RR AL 14 Uit} - - 329 1966

Hemarke

T=ll7; S=i/07,  Chiat pquiter.
11/=14%7 tr, Loggtd only cand
and gravel.

Frllé4y Sm7B6G. Chiwl wyulfuc:
190-245 Fr, Loggad only wand
und gravel.

Fm70; Hm@G10. ChiRE aquiter
ABES=AQD FE,

SmyHAM,

o,

Felll; £wB492, Chisl dquifer
146-208 [L.

§=11130, Deapened [Xom 2237 (Lo
Chlel ayullwr 260300 1t

FulBh; 5=8006. Chiafl aquifer
2AM-290 ft, WaTm water.
hearly all mand and gravai,

nm|9&;
1=

whit. Chisf gquifar
iy +T, All gand and zravael

E=Llib; §=1U107, Chiet dquiler
240270 £i,. Whrm water.

F=Hi5h, Deeponcd trem 344 tr.
Chicf ayuifur 3_51.450 Ie.

Fm320; 8913, Chisf aquifsr
F2-a0i, fr,

s, Data from Ajvin

Mclane, DeseTt Research lnscicuce, 1972.
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Tuble 1A, ~=Gelected.well Tups

[Aoreriek Andirates principul water-bearing wone, whers

Euown,  Taging depth and purfurated of ocic¥linmed inrerwain,
Lu fwet belew land surtace,.ars indleatad In puseatlesesd. )
Thicl— e . - Thigl— : - Thick-
Mararial nRHN Dupth” ‘Material A LLED - Pepth

_'_{E'ﬁ«l._l dfucc)

MuLcrial nuug Doprh,

(Fert]  (fant]

Li/Glh=23be (eusued co JYUD perh. 395-370)

Laam, =andy ' 5 5
Craovel and hnlllrhﬂ‘u, lutae E1) kL]
Slle, sopdy an ]
Sund wid grovel, warsar-hearing as i

L5751=28hidx fenand £o G485, pert. 400-4A0)

Soil, aandy 1w 10
Clay aud aravel, comsntsed 310 420
fund wnd gruvel, water-bearing . s 485
1/34=30db (rasad ko 392; perf. 745-002)

S0t 4 %
firaval th 156
Lravel and clay, cu:nuuLLd 2ur R0
sand and pravel, wale-beus fog uf oy
s Itk Crawmd Lo 180; perf. 150-11m0)

Sund and s11f a0 nn
Sund, woLeC-bearing below 110 £y 40 T}

-'..fh&-lm Cunmwdd Lo 255; pert, HA-739)

Topsoll > a
Crwvel, ecmented a5 a0
Grwvel, Lovge 3 J'-
Giraval, cenented 156 221
tiravel, lovne, wetor-bearing 9 ?.30
Clay, yallme 5 235
Gravel, lovea, waturohuar Lok L3 AN
Clay, vellow . 1 250
Graval,, luvas, warer-bearing 5 255
Sy dch (rawad Lo 1007 perd. SU-103

Hand, wulur-Lcardeg helow A0 fr g oo
1l

sod!, mandy olay 4 1
Lravel, roaras 4 bl

Gravel with hard clay b4 a0

G5/53=28dbE (unswid Lo 219; screen A-17F and 19022103

gilc 3 o
Clay, hard b [t
Gruwel 7 Fa
Clay, wulbe 7 it
Ulay, biowy 7 32
tiraval L) M
Lapd mtome 4 A%
oxawnl, wabar-hearing 9 49
Clay 1 i}
Saud, wultr-boaring 2 52
Cluy € a8
irnvnl, whLurshuarlng 5 &3

y I £3
tiand sl peswal, weter-beariog, wich

clay Intarvaln al 75=77, 83-84,

GU=Y5, And-i0E-107 L i% LG
Sl mnd wlav 3 112
1Ay 3 1th
Said and gravel, wxter-hearing with

wlay Incerwal at DYE=PR0 It . 1z it
Uluy n i13n
Graved, walvco-buariog 5 L&h

ax i 148
and and vravel, wslec-beat lng L 154
Ay .3 L&D
cravel, water—hearing 10 1
Cluy 19 iyl

Ky And xrovel 2 1493
travel, codaw, water-bearings RE 19

SF55=U0hhd (ramed o 240! seicen S0-180 and [RO=24AD)

HAlL 3 3
Sond ond Flae zyave) 2 1
Llay, white -3 n
fiand amd prmval it 37
sandst ana 3 )
Sand and grovel i) LUl
Clay 10 m
Annd 2 T
Hand wnd wuavel 5 77
[T A an
wand amd iomenl 7 27
lay 3 an
Clay aml prawnl f L L]
Saud and pravel 14 LN
Cluy 3 g
HEU] 3 11z
yraval K 120
5 125

B

o

frave! 5

]

BAILIUAL VALLEY

B/ nimvhhd——Uom b inuml

(fumt) tfcer)

EL5T-buddp~—Cone Inucd

Band and gravel 4 sumidl L} L}
Couvel, codvse 7 iy kR 124
Clay 27 Zand and mmall pravel, watwerbeoricg U 145
Glay amd gnwvitl T Olay ’ 5 Loty
Zand 1
k] FAAG=ERry (compunite lup Toom d0-tT waker wall
3 "and adjacept mil expl. hele; descrdipoion ot
7 woteyial below L ft hamead on dilch wawplect
1k . t : 5
7 Hay - 5 k)
\ sand and pravel, wabwr-hasl log 41 Ak
Mo record [P T

3/55-3ddd (ommwd Lo 3967 port. Wh-d8n)

Suud, wwdium o foarse, miltkeelersd,
ES Le 30K of tecwl; shale, pray-

Topsoll, sapdy loam an i preem, vuledicoun, 211ty, ¥I—isf;
Cravel, cobble—ximed 1 il miltubona and voloanic peblles,
Cluy and grovel 12 52 1h=5% - L) 144
Sund wod gravel 18 k) "Limartons,” wilhy Fo medlon soody,
Cloy and gravel with same xanid 40 110 mameive, mafF ko hard, white o
Euud and RTovel with same elay 14 114 cream, argdliackank, 0% voleanic
Bund wnd wravel, elean, water-hearing 17 138 petbles, Aarhk tn ogresndial geay, 30%:..
Ulay 4 140 saud opd gilrocone, MO 0 1497
tapd md pravel, codrse wnd ccnccred "Llmeatoue' pa bove, /5=005; vn1r\nlr
ar 143 tr; w1r!1'-i'm<r|ng g 149 pebblen wud wlltwtoue, MOR £l 298
Cluy wnd gravel . 51 200 "Limesrons” am ahove, grading Lo pare
ithuy i s o mulzdcalnrad, fina ko omad Lo,
Clay and yraval 13 T1E coledreous candsoone, 585 mise., 30 60 318
sapd and pravel, walwisbowr lug 1 e ULinewtvae" as above, GH=R0R; akals
Clay aod grovel 21 242 ar ahovs, 1030 silistoae, sand,
Sl dal gravel, cosrse, clean, and mimg., 23-%% un A0S
wrbursbewr b 2 244 Ko rooord 1 Am
Glay and pravel P33 267 "LIugwLone as ghewe, B0-1008;
Sand and graved, wabwucslswslux 4 v shalu wu above, 10-0F 100 52U
Oley uod B 1 W0 an1 "tirmekona’ an wbove, I3 3ot
Sanmd wod wruvel, Water-tearing 7 FEES wasstve, wilry fooaemily, Lan,
Ciay 1 FAT. eculanreous shale, 755 10 ENIH
Sand and gravel, wnbinobew: Doy it A niwle ke ebove - .o 360
Clay, cand, and grauatl 14 Mk Graval, medium Lu pebbly, muitd-
Buwd and fravel, waker=hearing 7 1 ralared, Tookely coosoliduced
Cluy, sated, and growed 17 Jat with tan alxlu patols kel anh
Sand mud wravel, cloam, watar-hesaring & 243 Cravel ar akmes, hub wmcenselidaced S0 450
fiay and gravel Ly IRR Voleunde rock (Tutt} 30 1,5
Gand and gravet, cluan, Towss, lAmmetene Al dulemdite {(Falcozndc
waloE=boar fig 4 1% agml Al 1,711
Cluv wad gravel i any
Siand amd wravel, water-bearing ;l Tl 7/5&-91‘14:: (ennwd Lo 2000 peTt, LHU-YA0)
Shay d a7a
’_ . e ; Clay, lght Slus—grav, with Leuce
r;“‘; amd gravel, Clewn, waled-beuriog i, :)’J’ o B nck carhomems(t) mariril 245 g
Sund and gravel, cleam, roaras, A":!_i'tz"_‘t oll-e ?'f""”":"“ T';l" o
wabus-buearing 3 184 dhoidab pepstrated valley £11
. R 7 Lo 6,510 fu, voleanieo fram £,500
lay o vl LR ta 10,155 [L, wnl Paleegele ToCrR Fn
nd and pewwsl, cloan, water-bearingt K A '-.nv-.-l'dﬂ ol ;.m 183 IL) .
Clay, oelid i AR Prh LI TR
37 35-36dedd (eased kn 174 prl. GDe179) F56-Llck {camed ta A2 parfurstad Larerval unknou
" ST tlay, white, doft, atisky 23 21
poma i, elug wul graed ,rﬁ. ¥ Clay. bluck, selt, aticky W 4L
. 2 Clay, WFuwuu, @20lC, GLIcKY, ¥ieldm
Blay and gravkl I? ?c mmall ameant of walvee {Witer leve!
Bloyw, grovet, snd sand 1 i Rad Tiom e 0 T At f
Shnd awl gravel 1 oy Balle ) 15 oL
tirawal, vobbliesalzed, wazer-bearing 16 an alley Leal) *
éii; with come gravel l‘; :3 M‘g (nﬂ-n;pl. hll"ﬂ:.tlllal.':'ipl.'ifln bagad
Gravel, uohe cobblo—gdrad; watar— entdrely on dtfeh wimplua)
Tz lng K 34 M raward an 25
Elay o Eir Cluynbloue, 1Rl wEay-gresn,
trave |, wmnwe ccebblo-aiced; wacer— ualuniwoun, aady {5-104%, wich
huaring k1 il mebhlug [0 1%
tlay A ni Kiltetane, pray, olayny, wecy sandy
Cravel, cobble-siasd, watwrsbuat log ¥ L f10-20%), with neranlonsl pebbled 30 T
Cluy 11 113 Clayatone ag abowe, hnt vary aandy
Clay wl grovel 1 114 £10-20%), with L1*% pebhlse In all
trraval, Lice, woccr-bearing 2 114 Tut tup IO It 10 385
tlay and praval i 121 tlayatunu aa wbowe, 7545 a6h, clear
cravel, rearse (ooblbleslong), Wamer- ta gray, ailty mandsnlsu vecy
hrarinps k) 144 patena, 25T Bl als
Clar and pravel ) 147 Hudgcane, fight to mediom bowa,
Zund agd onbblm-rdzed pravel, waleo- oilry apd sandy, toffacavas, very
hwne Lok 3 135 ualuwreous and porour, with
ravel, cemeniwd I3 18R inturbaddwd auli{7? al 475
Sand and prave!, remented 1] 115 Ash as abeve hub white Lu gowen,
LUK. mudstans ak ahowvm, 40T an ing
£/36-2Tucl {caged oo UF; perl. B0E9S) Eiltorene, Mgnt gray and 1lght
J 3 1 wreen, sandy, very argl i lacuous
m;y 17 20 und zlayey, with nccamimmal pabblas,
tand and clar " W S0%5 weh nw wbove, 235D elayerona,
o o L 1s i Vight pramnchioin, suny, 157 R 535
A¥y mAmA, AnA LrRve ’ B Clayerene, (1phf gresn, in part siley
soad and grave! 19 ¥ Pt : ' BRIL S '
3%, mudccone, | £ ot Pedium
Saud und clay 1z o I e -
Gamil mnd avmeil % as bauwn, wllty, 354 120 2% ahovs,
hut 1Llght Lrosal, 20%; ceta, ght
e e - . tu medlom kowm, 5% ] 5
Rt iobdda {easmd fa 15070 el 115410 tlagatone, 1ighl qoay-xeust oo LARhE
Cluy wnd gravel 53 brown, sty and sandy, vecy
G K} caloaremia, with aanasimmul
Clay am pravel bud] Ho tousded pebhlen 4n upper pal uo ARy

—4f-

Continued
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,Table 13, =mZuluctad well Iogei-Concinued

Thick- Thick- - Thicks
Metmrinl neEs Depth Hatarial neus TDupth Marerin] LT Twmpth
[fece)  (fuut) {Cual) {Lfunmt] (fant)  ({met)
?,’:.?—f-acc——{_‘.c\-ntinucﬁ B/ 4=3dbb—=Cantinued N B/57=22uluwelonl Inund
Mo recocd 115 Hgo Sand an whuve 20 40 Famd, 0%, meddvm-prained quartz
¢layetoge, gray-green with dark tlay as above, bur grevuish pray and limescone; shels, 10X, .
layers, veby celostwous, and grecalah bluw wbove 00 ft, whice, slikhtly calearemun zn &0
#lightly wilty 120 @0 1ixhL Leown halow ' 10 L]
Tlayxtons ax ahove, BUY; amh, Glav, light 1an, in parct eilty, 8/59-31 {camed ro 100; poerf, 30-953)
light green to white,-modeTately A0T; volcanic tragmenca, aulti- --4 ' e 3
to non-caloareous, 40X 4] 9RO cotnred, MA;" quartz wrwlum, I?::’tﬂ;gmi:gf‘ ‘““‘nm“"” i: ig
Clayatosas, sllrwtons, mudrtuna, clear, tractured, 2% 0 740 I'imcs‘cn‘:- v o :“'“ - E
and @ows wsh, wimiixr bo thase Clay ag above - 411 g : at 50 L KoMy, watur-hearing 13 &0
degerlbud whove 1,010 1.9%°0 Clay, lixht beewn to pravieh browa, YPuulLl" (gauge?) 15 -
Buault]flw. alterea, Taddieh allghtly 'r;o\r\rn:ﬂh-, rorT, 0% Ceumat wang 10 ;m
purple to purple-black, very volcanic fracmencs and quartz . N
SerEAnlntanl | m oz graine A sbave, ! and 3% 15 qgs  wlvkeand, warer-bearingt w on
Mudatone with a4 Mtrle clayutons Az ag abowe, alixhily (lemar . . .
in uppezr 70 Lt: slmllar 1o polow 455 IL ' PEL N L] S/NV-labb (cased Lo 200; wparf. 1AA-19R)
thoae dusesibad shova QAT 2y 300 Clay ux wbuva, 30%; wvolcandg zoll a J
Sund, [luk tu medinm, angular tn fragoents und quartz graine az rand and k-la. Lo feln. gravel a1 34
gubangulur, 70%: eudutone, tan abovk, 47 wnd 3% PR SR A s Sand, bolel & 38
te light brmen, milty te sandy, Clay with valeanic tragménts 1% 1,03% Clay, sandy k) 72
ralearenns, satt, acieky, 40%; - VYalcanic tragments az alove, 73N: Swund and gravel R
conglomeYtr, vouran wand tn eluy wnd yusstx ax aheve, 20 and X clay, cotr, sacdy, with gravel
pubblu, ooktly carbonaces, 10X 10 3,110 © AL 1% 1,00 Stiuaky . 2é 02
Sand, fiom ta very coares, angular Clay with walcanie tragments &0 1,110 “dlull,"” hard, and large pravel a 108
to subrounded, YO0X! wuddtuvum aw valranic tragrenta as uboewve, S0s75%; Clwy, woft, and gravep g 115
above, 03 ELLI PO 814} alay af above, wICH worw quarks Grauwnl, f-1n, tn a-1in, & 120
Silrgtone, llght hrewn, very above 1,125 wod Balaw §,040 Fr, G)ay, sardy, aod hard STiiuks 22 142
culewrwrun and argillacesus, 27L0X Ay 1,15 Gravel, peu fi &-In., "vary pond,"
with mamAT £n pebdbly zoncs 180 3,320 Vuleanic warerial, multicolesed, rwatkrabuns bng k13 a0
s41trtone, tan to Light Lrowa, ' mubangular ta angulus, with
. calearcous, arpillucwwus, quartz gruins In placsa 1L0as 4,000 0/87=tdnb {caced to 141) puel. 129-1410
with sdudy sielngwen, 25-50T; Vulvanle matmrinl am above, with Topaell 4 4
dolonile xnd imwsbona, tan, bright, chalky, red, sharp- cot1 and cluv. Lixhe . 10
brown, grar, and #nite, adged tutt, BOY; clay, Liwht hag, G e b M i
13-45% {percentage generally hrown, motr, benctondivic, wnd C}.ni‘- O S o :q
{ncreames with depth}; chevt, minor quarcz, LN * aAn 240 v, darker m-r'nrl = 3 ;I
clear, L4ghT Tod, wnd brows, voloanie wateriul wa above, AO-110Y, Sund And ey == s W
1-i2%; voloaade purticlux snd moscly grestsr Cln BOX: glay o vravel, HOe to Q0UCSC, wuleis - ’
quarts prulow, 2R-10% (ganersily above, O-40%; quartz ne above, be.n:;.n : & ceakat, wulw w o1
Jecreanun with dapth) Sy 4,23 0-5%. Small amount ot {ivestone cand 1.31 Lo [iam bearing? 24 67
Af1tutnne ap above, L0-40%; {5 or less) io a fov intmevalx. Eln N ;'“_m"" ‘1 ht. » water-hearing? 9 10
Anlomite and lipestone an whuvs Core, 2,b74-2,65% [t cunglomerace, Gy T tig “ 103
with wuma hlack, 33-70%; chert Cluntw, 50-60%: mmlricalored r‘“y Wit 1 104
wn mbovm, and muitienioTed welvanicr, 90%; tan limeslouw, cand” : 10;
quartzite, H-10%; voledule 0%, Matrdx, 40-50%:  valasrwouk, Eluv 3 109
parcdcles, =55 225 A,h70 tanmich brown fudelons 1,610 4,850 .
Siltstode ug wbuvw, 40%; dolomite Volcanie oatcriul an shova, S0%; ﬁ':::']b:::n”:';'hicm_“mm“d : i}i
(dominant) and 1lwenrans as linestone, llgkt tan, pink, and e bant el e nmnnt o
wbuve, 45I; rhert 38 above 157 15« white, 15%; quarts as abowe, 5. wateb-Tewr gt ' U 141
Siltxbome am above, 3-30%; dolenite 1,9486-3,907 br, conglowe:sls. K
and liweEtone as above, 50-75%; Hlasts, S04 multicelerwd, - N P .
chert and quorteite ue whove angular te rowwed, pootly xorted, Mﬂ.(‘-“:ﬂ ;: mf:? preoumably opumswnd]
licist: volcande parliclusm wmd wall comented, Wlightly satcaraons prrb. A0
quarcz grafnu, <10% 5% b, HH voloaele detritus, 79=70% and, milt, and gravel, 50% of Lelsl,
Tanglomerulu, Kray-prusn (rore {rumaindu: presumably limezeonet. angular £o Subcoundud, varlealersd;
ro. 1). Materia! pacwcen Matrixz, 302:  alightly calearcous silestone, 23R, sult, wvery calcareous;
3,320 anc R, 015 rt probably rlay, =ilt, and 2ipe gand witl an ook and pebblux, 258 af toral o} 200
mimitar {7 character, lLut imparmeable appearangue 230 4,080
drscribed Erow ditel wamplas 15 5,081 voleanle motesial wa whove, 35-70%%; 2/AIZ3Thadd (el ddrcovery boley dedcilplion
Bedrock duminatwed by lime=tone, dulumitn kod Ulmestone fragoeics, baged alwost wnkirmly on ditch sanples)
dotomite, and shale (Gohilling angular to cubangular. 3-53%; . . 1
and Garside, 1965, p. 1R) 2,482 7,4u3 ;lay; :m nh?\':.lgalt":!“;;r:pc any :::Af“iﬁt,":igczzgvﬁ%lmfﬁ:ﬁuud,130 130
im inkweeal 4 TRO=4, 2 L .
7/37s4dhk (canmd to b0 perf. 30-60} quartz an annve, $-i0% 323 4,405 ;:ﬁ:::::::u::t;u:l:::f.'.l:m;n:;
Clay, brown 5 . Fentarive ‘EPH'“ voleanlus In clay, LixhL kewy to hoff, flry
4, blue, wotcr-buurfug wl 30 M1 “h s Place gt LAO5 L Bulewnl to sundy, vary ealearenun, WX 630 760
tand, water-bear bk 1 H0 E?::gacfg::rr :z::::::rn:p;:ﬂﬂ TR Slliulone, Tghr gray co butf, soft,
N . ) L + wandy 1n places, caleaveous, wlbh
TI57-5cua (enmmd to R%; paTf. SN-Ea} . . AMMEANT QUATTZ eryatala wed womu
lay B . M (vncased auger hale) chert ket ELT
Hed, hlue 43 50 Craxk, whirizn, dry salc and . I‘ebblcs: ﬂulLlL‘u!:Ul ud, pradominantly
Samd, wabRr—bEATING 10 i . «lay 0.06 s MY Vttrg courwm, wilh wume quartz
wnd, hlue 23 By Glar and tine sund, Lwn, wlightly crywlaln; appsars to he permeable
» Rlue g E maisT a4k ) unid wabar-haaring 20 1,000
ra Lo " Clay, lixlil Lka; krasks concholdally Siltebena am shova, wirh W4 groy
¥/37-17%0 {uncuwmd: "no watsrc’) wnd In moixt Ent pot plastic ¥ to huff, sofr, tlakr, ia part
) 3 abnve 2.0 ft, vary plastle bot allky to sandy, calearwous clay
157 200 not rupny below 2.0 ft 4.0 4.5 in incerval 1,760-21,300 f+ 2,110 3,40
2 102 Clay, black, very plantle hut Siicstene aa above, but heeoming
tlay, Lluc 168 3 wol sunuy, sulfide oder: somewhat lburdur, 50X; nand and pebbles,
M Tena plastic halow Lo te 3.0 7.0 ynconaolidaced with abundunt
7/57-21an? framad to L50; pert. 130-150) HSame 36 above, bul wich sewll quarte exrywtuls, 50X a0 3, H0
Olay 0 0 amount of fine wund: webtsr-baaring 0.5 5.0 Sand and peblbles aw wbuvs AN 3,000
Granel. it er-beat 1o al a ) . Slltutunn an shovs, very mandy in
Sand I’J.)I'.\n-l.ku n N ;j 8/57-14ar {camed £o 183 perf. at 20 and 160-120) placen al 3,230
Suudlund e " 5 1;; !:Ia'y--.- 5 " l.h:;!ler;me, light ti d!nlrl\. I.:Jl.‘uuif with " + 290
fSand, water-hearing 10 115 tiravel, loosc, welkr-bearing il 14 4 clice velnd aan I;;)'MLN » Ll:nnlun k N
A and lay %m0 Glay 16 En Amearone ag ubosu, 0B ot w san
, warar-bearing 10 1501 Cravel, luuss, warerr-hparing 9 ag m{gmlﬁ‘ Tluﬁrﬂ-ri d;’::y;r:‘:; very L 12
Cluy 12 an 2 = v
A780-1dbb (0ll-wapl. hole; description hamed Geavel, lanse, water-bearlog 0 &0 L':'lg" ::‘:':‘_1:'2::" with caleice 100 1.470
alzost culirkly en ditch aamles) Gruval, cementad 113 170 N .
! Gravel, loons, wATCT-beariagh 1 L Dolumits ax ahove, 503D shale, butl,
Sund, 1ILhle and minera) grains, Claw i . iy nilty to very candy, very
Joainuntly gray, tan, brovm, and - - saleareous, moderstuly woft, with
areen; wuhanpnlar to subroundid, T P _ Abundant quarcc: ceywtalw, 50T 0 A, 500
wudlum tn r.ngrnl! and pranule AfaPovicds Cedswd Lu A0; parr, 10-40) thale 48 abuvs, wary wandy te pehbly
wlem, faivly well aorced 42 42 Sund, 30% of total, coarse 2 Flue in plices, 1wdecexnps b lighr
tlav, tas to grewnixb tun and with occanional pebbles; elay, pray in Interval 4,040-6,150 rc 310 4,410
ATAY-k:uwun, calcarenus, in A%, white, atfchy, =lightly Shale mr aboye, 505! awndwlune,
pui b sandy 1ag Ahi calowyeous 20 0 vellow, Llnk to cusine gravel,
Zand ax above, tot domlnantly Sund and clay, 40 and 60X, soou poexly wuctwd, calearsons, ’
gray, gray-bluc. purplu, Wil red an At ux ahivem; chiat aquiter trom pullly, 0T 10 4,420
Clay as abeve, Lut Lighi keuveyrwan 100 A00 19 ta 22 fr 20 AN Contlouud




Tahlm 13.=meSulecesd woll loge-—Continwed

Thick-

Material aceas

9/57-33bady-—tont inuad

ZShala zu above, very sandy in
placen, willh pebbles and
gravel throuxhour; black
aporp ot carhomacaous
matarial comacn 90

Mudskone, buff to light gray,
wery calowcwoud, very hard
and brittla in pluced, with
abundant 211t~ €n cobblu-
wlzed chips ot timextnna,
dulomite, end chetT; guartz
cryatnly abundant (description
hanad Lo pill om coTes fraom
intarvalu &,710-4,/hE and

6y 000-6,013 L) 1,740
Fyroclastic voloanic tocke

(0ligocene aget) a5
Limextona, xhale, and dolowits

{Sheep taxn Fa. of Eocene agr) 430
Limeocone, shalu, wnd sandatone

{Paleogois age) 2,545
(wels mopgonite k1)

L0/57-13ddx
241=501)

Topwall 2
Graval sad bouldera LK
Clay and gravel 35
Gravel, cmmunted 135
Clay and graval ]
Cravel, pea-sizm A
Gravuel, cemented 2
Gravml, pra-eize i
Gravel, tight 27
Clay and gravel 15
Cruval 14
Clay and gruvel 17
Sand, cemantud g
Clay, pandy S
Cravel, cepented 3
Qravel [
Sand, vemeated a1
Graval , peasalze 1
Graval, cumunted 4
Conglomerate a2
Sand, cemented g
Cley and gravel L
Ginval a
flay and gravel 3

5/56-0ad (caged to 120; purf, 90-110)

Sand 15
0

Snind 1o elay, water-hasrlng
Sand in,pravel, water=haaring kY

(laut) (foct)

(caged o 401; perf. 140220 and

Thick- Thick-
tepth Material ness lepth Material atan Lapth
: (famL) {(faer) (fowt) (teoet)
10/57=15naa (cased to 200; par(. 103-200) 12/5%3%d (caged o PAY; pmref. 240-2833
sntl k) 3 Lot E] )
Clay and graval t.AT 50 Sand and gravel 117 121
Clay T () 5. Band and gravel, cemented 12n 2a0
Gravel, warer-bearing - I 15 Sund und grayel, warar-hwws ing® 5 245
4,710 Flay 85 0 Sand umd gravel, cemeated ! T30
sand and wruval, Warer-bearing 4 25y
10/3/-73abe {nil-wxpluracion haole} .
Swnd, Reavel, and £lay [podmcnay 12/5t=3ueba (eamed bu 2000 port, 40-700}
apa) 1,420 1,470 forface maLerial k) 3
sand, wraval, wl elay (Terciary Glax ’ 24 b
agn) 1,995 3,415 E : v I 3
Glay with strushu of sand Glay and bunldurs . 1s Bl
{Tortiary mgu) M5 4,320 fand and poavel . 7 A7
6050 Voleanfe rock, rhyolliie Tan o 5,040 Clay and honldues 1 I8
. Linestone and dulumice (Palcozelc . Crave!, &and, and Loulders# a2 LA
7 303 uge?) . 3lb 5,554 Clay and bouldarm 13 p¥H)
! Bunldurs % 0z
I 10/57-27aam (exawd £o 200; weri, RY-2007
L . L4/ Bi=1 2 :
Surtace magarial 13 13 —_—
10,330 Cruvel . 13 28 Cuawel, coarss a7 a7
10,358 Cluy, waudy 5} A5 Saud and grawel \ P85 342
sand and wiuvel, varer-bearing 7 92 Sand, [ine .- P sy Ann
Llay, mandy & kL] .
Sand and graval 23 106 L8/57=32bat (ewaed Lo 280; perf. 1AN-2R0)
Clay, eandy 74 130 ;
oo Giand wnd gravel, vater-benrimgt 12 a4y wrfaze macerdal . 2
B . c Gravel, ccmontad An 42
as Clay, weady 20 LAR e % s
. , “lay K h
2 fiand and pravel, wWater-bearing & _1:'£ Lrawal, comenred m 0%
224 Glay, sandy 8 00 travel wllh alzeaks ot clay 29 1i¥
237 Cravel, camaniwd 3B 16
FECRR T L [ Crivel, watar—braring A 1BG
246 Gruvel wid boulders a0 Al Cluy with gravel R L34
273 Clay, hlaw, siicky 0 i3] Liravel wud gopd, vacar-pearing = P
28y Boylder=, Llimantene 9 5 Clay with gewvel 44 7
302 Limescone 11 26 Crovel and nand Kl 244
319 Cluy wich gravel’ 4 a0
aan L1/%6—2mde (nnwrd Lo LGO: perd, A0-152)
3 s pme ' 1
a1 Sand, gravel, and a fmw houldurs 27 23
e Luvw, luva boulders, and fracturud
4R Lnwa; miney asount of watsr 11 61
e Lava, hrokun and fractured, water-
Tt heartng 5 18
389 Lava, snlid T4 140
393 Lavda, broken and fraclured, wiker—
19k buerfng# 3 140
Wl Lauve, wulld X 21 170
favae, (ryetored! miner amannk of
¥atmr 2 17z
Lova, mnlid 738 250
NOYER_FALLEZY
S5/ 34-2hag s 3e/0A-15b2 {oawwd Lo 300 perf. IAT-433)
1 11t mandy 2 2 014 waell ' Fat 238
4] Hardpon and uand kB o Zand and grwewl, water-tearing 9 100
1zn Cravel aps eand, walgr-learing 23 112 Sand and pravel, ocemeobted, wareT-
Cluy und gravel, wacmr-hauring 7 s benring 1ns 423
Lirmew]l wnd wand, warer-hearing pli} 175
Sond 1n graval, wuter-bearing 02 417




s

Table 1l4.--Water-level measurements ih observation

wells 1/53~7adc and 11/57-9cd

1/53-7adq

11/57-9¢d

Water level .
(feat below
land-surface

Water level
(feet below
land-surface

Water level
{feet helow
land-surface

Date datum) " Date datum) Date _ datum)
2-20-68 77.78 2-13-48 175.2 9-18-53 174.51
3-20-69 78.81 4-25-48 174.94  9-10-54 173.79
2- 3-70 76.66 9-16-49 177.61  8-30-56 172.93
2- 9-71 76.48 3-27-50 a 174.40 10-25-57 172,32

10- 8-71 76.57 9-15-50 a 174.03 6-18-68 b 172.93
2-15-72 76.77 3-13-51 a 174.62  7-19-69 b 172.74
3-30-72 77.95 9-11-51 174.04 10- 5-71 171,77

3-26-52 a 174.32  4- 1-72 171.67
173.89

9- 9-52

(="

b.

Pumped recently {(windmill}).

Data from Alvin McLane, Desert Research Institute, 1972.

— 40



Table 15.—-bpring dannlf

Approximate ‘ o - Specific —
land-surface ‘ Temper— ‘Hardness  canduck-
altitude Flow atura Chloride au Ualig ance
Location Hame (Feot) Date (gomy2/ T (g /1Y (/1) {mictamhosd
RAILROAD VALLLY .
25/51-17%a Summer 6,700 - ) 3 - - “——_:.md. Tl
-214 Cedar A, 540 B 1-67 L2050 77 25.0 2 150 533
1/52~22ch  Pyramid 5,820 8- 3-47 0.2 6% o0 9.9 128 415
af52-7ed — iy, 6000 “B- 3-87 - 58 1.5 1L 163 427
' 3/55-27db. - 72,0006 11— 8-70 5 45 7.0 s - 277
6/584-1laa  SLorm 4.505 ‘ 10- 7-71 5 98 36,5 17 320 :1,2nn
-1lde Coyote Hole 4,820 = 7mf7 2 113 &5.0 Y& 356 1,070
-2 3hd Abal 4, BOD g-12=68 25 -115 46.0 15 . 155 C 1,140
a/56-27ach Crows Nest 4,750 = 7-h7 - 56 135 1.3 201 a1
6/57;1b — 6,(0Nt 11- 7=70 1.0m 53 11.5 & 264 524
-5Shaa Willew ) 4,750 - 734 10m 60 15.5 - - -
7/55=10db  Chizmey lat 4,810 2- 7-36 a5 - - -- - -
‘ fm TeB7? 20 140 &0.0 10 211 B40
.7/57—Zﬁn¢b Fullvhacker 4,760 2- 7-34 10 5% 15.0 7 J— _ -
~28cbd  Thorn h, 780 10-13-71  50-100 -— -- 14 275 ARG
8/55-14bch  lay Corrald/ 4,770 3-30-72  450m - - . - -
—l5aza  Northd/ 4,805 - 1l= 265  {a) 95 35.0 Lz 260 §94, s
“15ach RigdS 4,820 A-21mb7 (&) 100 37.5 10 252 694
-15add  Reynoldad/ - 4,770 10- 6-71 - (&) 97 6.0 .  w= - ==
8/57-11ddb  Hlue Fagled/ 4,765 2e13-48  7,260m  —-  w= - -- --
: L0- 6-71 B1,860m . HZ 28.0 g 190 584
-l&ac Kate 4,755 1-24-35 1é 730234 - - -
-27dac Butter[icld 4,750 1-24-35 230 G4 L8.D - - -
10/55-9a The 8,600 11- 6-70 1.2m 54 120 20 130 4ll
10/ 58=%bce — 5,250 - 10-12=71 - 200 . .55..13.0 10 380 79%
11/56=130daa Bradahaw 6,020 e c 1-5 - - — —- -
~3lbea  indian 6,180 8= 7-67 1 hh 18,0 21 117 168
=3leed T.eomsn A, 300 - ¢ -5 n- - - - --
11/58-15aca Snow (Crystal) 6,380 — o - -— - e -—
-32bbe Pastroni 5,360 10-12-71 khle) 33 130 11, 180, 4z
12/85-16¢ MeClure 6,310 - ol -— -— - o -
12/56-5ae Little Warn 5,590 10— 6-T71 b 200m 60 15.5 10 200 4
-5chd - 5, 4ED 1n- 5-71 50 S5t L14.5 8 190 551
-L0eed - 5,540 10-172-71 1 - - 1y B0 462
-1fdda 012 Collins 5,440 —_ ¢ several —- - - - e
13/55-6d Big Loule 6,270 11- 6=70 L.0Om 54 12.0 13 200 487
~0b Touny, Florio B, 240 L1- 6-70 Oudm 55 13,0 - - 344
13/56-32bac  Bip Warm 5,60% f-16-63 {a) an  31.0 7 260 586
l14/56-14dde  Big Bull 5,620 11- 6-70  d 400m — - 6 160 365
~25hde  Bull Creek 5,790 - e 225m 54 12.0 - - — =
14/57-223aa Birch 6,250 11~ 5-70 5-10 e 8.0 24 240 574
13/55-29¢ Nevada Governors 6,150 4— 2-72 Dry -— - - - e
15/57-33chbd Green h,UBd 11- 5-70 f Lo+ 63 17.0 e - Ada "
PENOYER VALLEY
25/55-26ddn Sand 4,805 - 5-71 .2m 86 20,0 5 140 6049




Footnotes to table 15:

1.

Data from U.S. Geoleogieal Survey files except as indicated. For
most springs with chemical-guality information listed, additicnal
data are in table 17.

Measured flow indicated by "m." All others are estimated.

Flow quantities listed by Eakin and others (1951 p. 148) for
2-7-34 may be estimates rather than measurements on the basis
of several field notes:

gee table 16.
Flow measured 3-30-72.

Data from R. H. LeDosguet (U.8. Bur. Land Management, written
commun., 1971).

Earlier undated estimates indicate that flow may exceed 400 gpm
at times: Flow has been several cubic feet per second, according
to R. H., Lebosquet (U.S. Bur. Land Management, written commun.,
1971), and about 5 cfs, according to C, T. Snyder (U.5. Geol.
Survey, written commun., 1971}.

Data from Mifflin (1968, app. table 4).

Earlier undated estimates indicate that flow may appreciably
exceed 100 gpm at times: Flow has been greater than 1 cfs,
according to LeDosquet; about 2 cfs, according to Snyder (see
footnote d): and about 1% cofs (in about 1948, according to
notes recorded by G, B. Maxey, U.S5. Geol. Survey).
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Table 16.--Discharge measurements [or Blp Warm Spring neayr Duckwater
and threeo springs at Lockes, 1967-7228/

Discharge {cubic feet per second

North Spring Big Spring Reynolds Sprinps '.B;g_WarijQting“
Late (8/55-15aaa) (8/55-15ach) (8/55-15add) (13/56-32ac)
el e ) (b) BN T G "
7- 9-68 037 Loy 0.60 Coame T
- 1=8B ' 390 1.04 .64 13.8
§-28-08 N R 2 CoLsn . : ' 13.2
92663 3L .81 .58 12.4
10-28-68 .49 SR TN ' .74 SRR PRSI
"11-22-68 JGB B 14 e o —

12-19-68 .42 1.02 .56 - .
1-15=69 A1 84 N1 - )
3- 5-h9 e 1.08 .68 -

4o a0 4D 1.12 .79. . -
4-29-569 X! 1.20 71 ' -

$5-28-69 .39 R 57 S .73 ‘ 12.6
f-25-60 .7 .96 .70 14.3

. 7-30-69 .42 1.33 8 13,4

10- 7-69 is I v B 12,3

11- 8-69 .3 Y R s o 1ze ’ :

12- 3-69 .56 7 .75 - |
- 6-70 .54 1.07 o 64 S -

2- 9-70 .43 1.02 (67 -- ' ..
1- 4-70 A 1.06 : .56 --

4-l5m70 ) ‘ - .58 i7.7

ST .32 - ‘ .63 C1n.7 ‘ ' :
6-30-70 6 162 ” N 13.3

B-21-70 3L L2 .96 L =

11-212=71 L34 ) 1.21 . 1.31 l . 11.9
1-23-71 28 1.07 81 -—

- 271 17 1.27 1.13 13.6
4-19-71 .43 1.14 .63 13.8
§-22-71 .31 1.04 .71 12.4

10- 3=71 .32 80 1.11 1z.7
2= -T2 .38 1.10 .75 11.7

1567-72
Maxiﬁum 1) 1.42 1.31 14.3
Minimim .17 L a0 1 ) e 11.7
Average .38 1.06 74 £ 13.0 :

a. DNata provided by D, T. Gonzalez (U.5. Ceol. Survey, written commun., 1977).
h. TData publiszhed by 1.5, Geological Survey (1969, p. 161}, :

o, Measutroments of 1-17-68 gnd 4-11-68 not used, becsuse entire flow probably was

A

not measulad,
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Tublu 17, weChumionl wnnlvein of well, spring, and orream waccrs
I'"ANT A
Mitligrams per licce fupper nuibuor) aod " Facknre abreeting
waleAly prz i : tipecific sulralilicy
nillieguivalenty pex Titmr. (lownr numbuz )i/ P Y,
Sourae [with . wne Gan
well duepth wr Tum= Map— t;ar— Hutd= {minra— [EE So—
Hlrramf Tow per-  {al-  ne- So- Poras— Bicav— bon= 3uls Chle= Fluus= - Hl= Dlas nean  mhag par icy dium
where Naca acure  ofum slow dime  sium benals atm Tate ride ridde frate eglued, a6 om it Tz~ Tiuz-
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Fal=114d tedar Spring g/ ¥- 1-67 77 25.0 £ 5.9 47 B.% 240 il A& MME 0, NaE 10 13 72,7 L 1.5 L g
1.09 0.4 2,04 Q.06 B3 000 LD MLea .04 n
16/52-280du  Duwp will 3:20:72 M 2.n 14 1 b/ &5 146 [T % - - - 40 87 8.1 1 Ak ]
{HBS ft) T, L HE ! 126 0.00 0.96 D39
Vse=tteh Pyramid 2/ M= J-b7 B 2000 41 4.9 400 0.8 204 [T .8 —— 4,4 262 12n 415 LYF L L5 L H
Spring 215 0,40 146 0,02 33 0,00 Ay 0,26 S
L/43-%ae Baar Side 10w 8271 =e o= 4 A [YARS AP 587 gL — - - 130 231 8.1 H 5.0 L M
well (1200 (L) 2.5 0.35 361 44 000 2,02 1,72
~lude  Frad"w wall  pf I=13-RR 6% 17.0 04 00 Wgy w0 108 490 4E0 s=f2800 5.0 2.5 2,610 2 4.nan  10.2r v kL] v [
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ANT 0N LY 02 ak 000 056 0,31 a.00
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1.35 0,21 1.23 .00 0. BoAh 0,25
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uin6=tada  Honper Gregk I- #-71 4R R.D AR 15 A 218 a 15 5 - - -— 180 7L - L [T PR
(abour 0,1 a4 0,0 0, 37 9 o o.0n 0.4 .
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o Table 18.--Relation between English and metric units of measure
Multiplication
‘ factor to convert
- English unit Metric unit - from English to

metric guantity

Inches (in) - Millimeters {mm) ‘ ‘ 25.4
Feet (£t) Meters {(m) 0.3205
Miles ({(mi) ‘ Kilometers (km) 1.61
Aores Sgquare meters (mz) j 4050
Square miles {sg mi) Square kilometers (km*) o 2.59
Gallons (gal) ' Liters (1) " 3.78
= Acre-feet (acre=ft) Cubic meters (m”) 1230
Cubic feet per ‘Liters per second {(1/s) 28.3
second (cfg) .
i Do. : Cubic meters per ' 0.0283
,. second (m3/2) ‘
: Gallons per minute (gpm) Liters per second (1/s) 0.0631

o | e
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Report : Report :
‘ NG . vValley or area No., Valley or area
1 Newark¥ 32 Lovelock
2 Pine* 33 S8pring (near Ely)*
3  Long® 34 BSnake, Hamlin, Antelope,
4 Pine Forest® Pleasant, and Ferguson T
5 TImlay area* : Desert™
6 Diamond* 35 South Forl, Huntington, and
7 Desgert* ;Dixie Creek-Tenmile Creek
8 Independence® . 36 Eldorado, Piute, and
9 Gabbs* Colorado River®
10 Sarcobatus and Oasis® 37 Grass (near Austin) and
11 Hualapal Flat#* Carico Lake#®
12 Ralston and Stone Cahin 38 Hot Creek., Little Smoky, and
13 Cave® : ‘ , Little Fisgsh Lake®*
14 Amargosa Desert, Mercury, Rock, 39 Eagle. (Ormshy County)* .
Fortymile Canyon, Crater 40 wWalker Lake and Rawhide Flats
Flat, and Oagis* 41 Washoe#® -
15 Sage Hen, Guano, Swan Lake, 42 Steptoe B
Maggacre Lake, Long, Macy 43 Honey Lake, Warm Springs,
Flat, Coleman, Mosquito, Newecomb Lake, Cold Spring,
Warner, and Surprise Dry, Lemmon, Red Rock, E T
lé Dry Lake and Delamar Spanish Springs, Bedell .
17 Duck Lake Flat, Sun, and Antelope*
I8 Garden and Coal 44 Smoke Creek Desert, San .
19 Middle Reege and Antelope Emidio Desert, Pilgrim
203 Black Reock Desert, Granite Flat, Painters Flat,
Basin, High Rock Lake,. Mud Skedaddle Creek, Dry (near
Meadow, and Summit Lake¥® Sand FPass), and Sano¥
21 Pahranagat and Pahroc 45 Clayton, Stonewall Flat,
22 Pueblo, Continental Lake, Alkali Spring, Oriental
Virgin, and Gridley Lake Wash, Lida, and Grapevine
23 Dixie, Stingaree, Fairview, Canyon
Pleasant, Eastgate, Jersey, 46 Mesguite, Ivanpah, Jean Lake,
and Cowkick and Hidden
24 Lake® 47 Thougand Springs and Grouse
25 (Coyote Spring, Kane Springs, Craeek*
and Muddy River Springs¥* 48 Little Owyhee River, South
26 Edwards Creek Fork Owyhee River,
27 Lowar Meadow, Patterson, Spring Independence,; Owyhee River, 3
{near Panaca), Rose, Panaca, Bruneau River., Jarbldge
Bagle, Clover and Dry River, Salmon Falls Creek .
28 - 8Smith Creek and ILone%® and Googe Creek ) .
29 Grass (near Winnemucca) 49  Butte#* . -
30 Monitor, Antelope, Kobeh, and 50 Lower Moapa, Black Mountains,
Stevens Basin¥ Garnet, Hidden, California
31 Upper Reese® Wash, Geold Buttes, and LB
Greasewood .
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51

52

53
54

55

56

57

Virgin River, Tule Desert, and
Escalante Desert

Columbus, Rhodes, Teels, Adcghe,
Alkali, Garfield.Flat,
Huntoon, Mono, Monte Qristo,
Queen, Socda Spring

Antelope, East Walker area

Cactus Flat, Gold Flat, Kawich,
Yucca Flat, Frenchman Flat,
Papoose Lake, Groom Lake,
Tikapoo, Three Lake, Indian
Springs, Las Vegas, Buckboard
Mega, Mercury, Rock, Jackass
Flat, Crater Flat

Granite Springs, Kumiva,
Fireball, Bradys Hot Springs
Area

Pilot Creek Valley Area, Elko
and White Pine Counties

Truckee River
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L]

Younger alluvium

Older alluvium

Carbonate rocks

e

Noncarbonate rocks

Geologic contact
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48507 @ / Greasewood, rabbithbrush,and saltbush

EXPLANATION

Saltgrass with or without above

phreatophytes
Alluvium
Bedrock
@u766 Meadowgrass and other wet-area
Well, with depth to g!r'lgg;cophytes (includes irrigated

bedrock in feet

Ealnaga divide

0 5 10 Miles Discharging playa

[ | |

Depth to bedrock in oil exploration wells.
Data from Schilling and Garside (1968) or,
where followed by question mark, from ® o 20d
interpretation of induction-electric log. -

Nondischarging playa

Flowing well Nonflowing well
and number and number

32b &~
Spring listed in this report
and number
. Numbering system described in text
TEMPERATURE, IN DEGREES CELSIUS - ” .. o
25 50 75 ]0‘0 Drainage divide

0 T T

IN FEET BELOW LAND SURFACE

5,000 [~ -
e Average gradient below 500 feet :
- 1.16°F (0.64°C) /100 feet
(]
a
10,000 ' | ! ‘
50 100 150 200 250 *

TEMPERATURE, IN DEGREES FAHRENHEIT

Temperature log for well 7/56-2dab
(Shel1 0i1 Co. Eagle Springs unit
oil-exploration well No. 2)
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0 50 Miles %
L : J I L | fA
Weather stations in and adjacent to :
the study area. (Triangles indicate .
precipitation-storage gages; circles \”?@ﬁ-'
indicate standard weather stations. %;"}
Numbers correspond to those in r L g
table 2.) R

10 Miles 24
-1 2204

Contour interval 200 feet
Supplementary contours at 100-foot intervals
Datum is mean sea level

Consonlidated-rock geology based on maps of Kleinhampl and

Base from U.S. Geological Survey 1:250,000 series maps: Ziony (1967), Cornwall (1967), Tschanz and Pampeyan (1961),
Caliente (1962), Ely (1962), Goldfield (1962), and Hose and Blake (1970). Alluvial geology by Rush in
Lund (1962), and Tonopah (1962). 1974. Hydrology by Van Denburgh and Rush in 1971-72.

PLATE 1,--GENERALIZED HYDROGEOLOGIC MAP OF RAILROAD AND PENOYER VALLEYS, EAST-CENTRAL NEVADA
K%(hg: @ O

Cartography by Marjorie Thielke
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