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HYDROLOGIC RECONNAISSANCE OF RUSH VALLEY,
TOOELE COUNTY, UTAH

by

J. W. Hood, Don Price, and K. M. Waddell
Hydrologists, U. S. Geological Survey

ABSTRACT

Rush Valley is an elongated depression that covers about 250,000 acres and is part of a
drainage basin that covers about 470,000 acres. The valley extends about 30 miles from Stockton
in T. 4 S., R. 5 W., southward to the Sheeprock Mountains. The main ground-water reservoir is in
unconsolidated rocks of late Tertiary(?) and Quaternary age.

The source of all water in Rush Valley is the 550,000 acre-feet of precipitation that falls
mainly on the Oquirrh, Stansbury, Onaqui, and Sheeprock Mountains. The estimated maximum
potential long-term average annual runoff from the uplands is 70,000 acre-feet of water. No
surface water leaves the topographically closed valley.

The estimated average annual ground-water recharge to and discharge from Rush Valley is
in the range of 34,000-37,000 acre-feet. Ground water is discharged from the valley by wells, by
evapotranspiration (including spring flow), and by subsurface outflow through the east edge of
the valley. In 1966, wells discharged about 4,800 acre-feet of water. Evapotranspiration accounts
for about 70 percent of the total ground-water discharge, and subsurface outflow accounts for
about 14 percent. The estimated perennial yield of ground water in Rush Valley is about 15,000
acre-feet (including current pumpage) if well spacing is carefully planned. Water in excess of this
amount would have to be drawn from storage with resulting water-level declines. If water levels
were lowered 100 feet, the estimated amount of recoverable water would be 1.6 million acre-feet.

The chemical quality of water in Rush Valley is generally good for irrigation and
domestic purposes. The range of concentrations of dissolved solids in water in the drainage basin
is 200-2,180 ppm (parts per million). Water from only three sources contained concentrations of
dissolved solids in excess of 1,000 ppm.

Development of water in Rush Valley has been largely on the northern and western sides
of the valley and at the Deseret Chemical Corps Depot. The main use of the water has been for
irrigation. In 1966, an estimated 5,800 acres were irrigated partly with surface water and
supplemental ground water and partly with ground water alone. Ground water is the main source
of water for future development in the valley. Because Rush Valley is among the more densely
populated of the desert basins in western Utah and because of increasing interest in the valley, a
detailed water-resources study of Rush Valley is needed immediately.
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INTRODUCTI ON

This report is the third in a series by the U. S. Geological Survey in cooperation with the
Utah Department of Natural Resources, Division of Water Rights, which describes the water
resources of the western basins of Utah. Its purpose is to present available hydrologic data for
Rush Valley, to provide an evaluation of the potential water-resources development of the valley,
and to identify needed studies that would help provide an understanding of the valley's water
supply.

The investigation of Rush Valley was made intermittently during 1966-67, and consisted
largely of an office study of all available data for climate, geology, streams, wells, springs, and
water use. These data were supplemented with data collected in May 1967 during a rapid field
examination of land forms, vegetation, geology, and distribution of water use. Where well records
were poor or not available, specific well data were sought. Under a cooperative program with the
Utah Geological and Mineralogical Survey, many water sources in the Rush Valley drainage basin
were sampled and analyzed (Waddell, 1967). The chemical analyses were supplemented with a
few available records from Connor, Mitchell, and others (1958). Selected basic data assembled
during the investigation are given in tables 2, 3, 5, 6, and 11-17.

Rush Valley is southwest of Salt Lake City; Stockton, at the north end of the valley is
about 40 road miles from Salt Lake City, via the city of Tooele (pI. 1). The valley and alluvial
slopes that border the adjacent mountain ranges cover about 250,000 acres (about 400 square
miles). The drainage basin of the valley covers approximately 470,000 acres (730 square miles).

The valley is among the more densely populated of the desert basins in western Utah.
Communities in the valley include Stockton (population 362, according to the 1960 census), St.
John (140), Clover (95), Vernon (511), and the Deseret Chemical Corps Depot. (See frontispiece
and pI. 1).

Few published sources of hydrologic data in Rush Valley are available, and in most
sources the valley is discussed as part of a broader area. Carpenter (1913) included Rush Valley in
a reconnaissance of Box Elder and Tooele Counties, Utah. Snyder (1963) included data on the
valley in a description of the availability of stock water in the public domain. Mahoney (1953)
discussed Rush and Tooele Valleys as a unit in his appraisal of the general disposition of
precipitation in the Bonneville Basin, and Bagley, Jeppson, and Milligan (1964) included the
valley in their analysis of water yields in Utah. Gates (1963a, 1965) compiled basic data and
described ground-water conditions along the boundary between Rush and Tooele Valleys, and
Feltis (1967) described recharge conditions in the Oquirrh Mountains in a report on ground-water
conditions in Cedar Valley, on the eastern side of the southern Oquirrh Mountains.

Sources of geologic data are more abundant, and most sources are cited in the section on
geology. Stokes (1964) used all available sources in compiling the State geologic map, which is
the main basis for the geology shown on plate 1.

Wells, springs, and surface-water data sites other than gaging stations are numbered in this
report using the system of numbering wells and springs in Utah, which is based on the cadastral
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land-survey system of the Federal Government. The number, in addition to designating the well,
spring, or other data site, locates its position to the nearest 1O-acre tract in the land net. By this
system the State is divided into four quadrants by the Salt Lake Base Line and Meridian. The
quadrants are designated by the uppercase letters A, B, C, and 0, thus: A, for the northeast
quadrant; B, for the northwest; C, for the southwest; and 0, for the southeast quadrant. Numbers
designating the township and range, respectively, follow the quadrant letter, and the three are
enclosed in parentheses. The number after the parentheses designates the section, and the
lowercase letters give the location of the well within the section. The first letter indicates the
quarter section, which is generally a tract of 160 acres, the second letter indicates the 40-acre
tract, and the third letter indicates the 10-acre tract. The number that follows the letters
indicates the serial number of the well or spring within the 10-acre tract. Thus, well
(C-9-6)1dab-1, in Tooele County, is in the NW%NE%SE% sec. 1, T. 9 S., R. 6 W., and is the first
well constructed or visited in that tract. (See fig. 1).

When the serial (final) number is preceded by an "S" the number designates a spring; if
the spring is located only to the nearest 40 acres or larger tract, a suffixed "s" is used without
the serial number. Thus, spring (C-5-6)32bba-S1 is the first spring recorded in the NE%NW%NW%
sec. 32, T. 5 S., R. 6 W., and the location of spring (C-7-6)4d-S is known only to be in the SE%
sec. 4, T. 7 S., R. 6 W.

When no serial number is suffixed to a location number for a 10-acre tract, the number
designates a site at which surface-water data were obtained. For example, (C-5-4)28cdb
designates a site where Ophir Creek was sampled for chemical analysis.

PHYSIOGRAPHY

Rush Valley is a part of the Great Basin and is in the area of internal drainage that once
was occupied by Lake Bonneville (Gilbert, 1890). Although the drainage basin of Rush Valley is
about 40 miles long, the valley is only about 30 miles long and reaches its maximum width of
about 17 miles in T. 8 S.

The mountains that frame Rush Valley are folded and faulted blocks of sedimentary,
metamorphic, and igneous rocks. The diverse topographic expression in the mountains generally
reflects the complex internal structure of the blocks, but the present topographic relief is largely
the result of movement along fault systems which as a whole trend northward.

The mountains consist of three main elements-the Oquirrh-East Tintic Mountain chain
on the east, the Stansbury-Onaqui chain on the west, and the Sheeprock-West Tintic Mountain
area on the south. The highest point on the drainage divide around Rush Valley is Lowe Peak
(altitude 10,572 ft) in the Oquirrh Mountains (pI. 1). A substantial part of this massive upland
area is above 9,000 feet, and the approaches to the mountains are abrupt. North of Ophir
Canyon, the mountain front rises more than 3,000 feet in a little more than 1 mile. The highest
point in the Sheeprock Mountains is Dutch Peak (alt 8,964 ft), and substantial parts of the
mountains are above 8,000 feet. The highest point on the drainage divide in the southern
Stansbury Mountains is Vickory Mountain (alt 10,305 ft); some small areas in the southern
Stansbury Mountains range in altitude from 9,000 to 10,000 feet. The lowest point on the
drainage divide is the top of the Stockton bar (alt 5,175 ft) near Stockton.
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CLIMATE

Climatic conditions differ widely from one part of the Rush Valley drainage basin to
another. The climate of the valley as a whole is semiarid, whereas that in the highest parts of the
Stansbury and Oquirrh Mountains is humid to subalpine. The availability of climatologic data is
summarized in table 1, and the locations of climatologic stations are shown in figure 2. Most of
the stations are at low altitudes, but short records are available for two high altitude storage gages
in the Oquirrh Mountains. Useful regional interpretations of climatic data are also available, such
as those described by Peck and Brown (1962), who produced the isohyetal maps of Utah (U. S.
Weather Bur., 1963a, 1963b, and fig. 2), and by Ashcroft and Derksen (1963), who provided
tables of freezing temperature probabilities.

Average annual precipitation in the Rush Valley drainage basin is less than 10 inches in
the central part of the valley (E. L. Peck, oral commun., 1967) and more than 40 inches in the
Oquirrh Mountains; most of the valley receives 12 inches per year or less (fig. 2). The amount and
distribution of precipitation is discussed in more detail in the section on water resources.

Data on air temperature in Rush Valley have been recorded only at St. John prior to
1930 and intermittently at Vernon since 1953. Based on lengthier records at Tooele, Government
Creek, Orr's Ranch, Bauer, and Fairfield stations (fig. 3 and table 1), the average annual air
temperature in the lowlands of Rush Valley is estimated to be 47° F and that on the higher part
of the alluvial apron around the valley is estimated to be 50° F. The coldest average monthly
temperatures at six stations in and near Rush Valley are 22-29° F in January and the warmest are
70-75° F in July. The range of observed daily extremes is from -36° to +110° F (fig. 3).

The length of the growing season is of particular importance with regard to the evaluation
of transpiration by vegetation. The growing season is about the same length at most stations in
the study area. Because the definition of killing frost differs depending on the type of vegetation,

the U. S. Weather Bureau (1951-67) publishes freeze data that include the number of days
between the last spring and first fall minimum temperatures of 32° F, 28° F, and 24° F. The
available freeze data for St. John and for five stations near the valley are included in figure 3.
Crops experiencing a killing frost at 32° F have an average growing season of 90-100 days in the
lower parts of the valley, and probably have an average growing season of about 130 days on the
upper slopes of the alluvial apron.

The semiarid climate and the high summer temperatures in Rush Valley cause high
evaporation rates. Table 2 shows the estimated average annual evaporation at Saltair Salt Plant
and at Utah Lake Lehi stations. The Saltair station is on the flats southeast of Great Salt lake, 27
miles north-northeast of Stockton, and the Lehi station is near Utah Lake, and about 25 miles
east-southeast of Stockton. The climatic environment at both stations is somewhat different from
that in Rush Valley; at Saltair Salt Plant the evaporation is greater, and at Lehi it is believed to be
lower. The average annual evaporation in Rush Valley, therefore, is between 43 and 57 inches per
year and probably is on the order of 50 inches.
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Table 1.-Stations at which climatologic data have been collected
in and near Rush Valley through 1966

(Data published by U.S. Weather Bur., 1937, 1951-67, 1957, 1965.)

(P, precipitation; T, temperature)

Location
Station Lat. Long.

Bauer 40°28' 112°22'

Benmore 40°00' 112°28'

Bingham Canyon 40°32' 112°09'

Eureka 39°57' 112°07'

Fairfield 40°16' 112°05'

Fairfield CAA

Altitude
(feet)

4,965

6,200

6,100

6,000

6,170

6,530

4,876

4,963

Period of record

3- -41 to 12- 59

8--11t05--17

5· ·17 to 12- -48
1· -50 to 8- -53
3- -57 to 6--65

12- -40 to 12- -66

3- -30 to 12- -66

9·28-50 to 7- -65

12- -42 to 9- -50

Type of
record

P,T

P

P

P

P,T

P

P,T

P,T

Remarks

In Tooele Valley, 1.5 miles north of Stockton.

7 miles SSW of Vernon; published as "Vernon" Aug. 1911 ­
Aug. 1915.

1 mile east of Benmore, 7.3 miles SSE of Vernon.

Storage gage; monthly totals prorated from observed totals.

In Oquirrh Mountains west of Jordan Valley.

Southeast of Rush Valley.

In Cedar Valley; station moved to thi~ location from CAA
Station 5 miles NNE; converted to a recording
special-purpose gage in 1965.

In Cedar Valley; station moved 5 miles SSW on 9-28-50.

Government
Creek

Grantsville
Powerhouse

Middle Canyon

Ophir Canyon

Orr's Ranch

St. John

Tooele

Vernon

40°03'

40°31'

40°24'

40°24'
40°18'

40°16'

40°17'

40°21'
40°22'

40032'

40°05'

112°26'

112°26'

112°25'
112°25'

112° 18'

112°27'

5,320

4,900

7,000

6,900

4,700

5,200

5,132

4,900
5,016

4,820

5,485

12- -00 to 11--49

10- -42 to 5- -56

7- -56 to 6- -65

9- ·58 to 6- -65

1- -19to 6--20
11- -20 to 4--49

5- -11 to 6- -15

1- -16to 8--16

11· -16 to 4· -18
11- -18to 5--29

3- -96 to 12· -66

9- -53 to 6- -55
9- ·63 to 12- -66

7

P,T

P

P

P

P,T
P,T

P,T

P,T

P,T
P,T

P,T

P,T

In Government Creek valley at James Ranch, also called
Indian Springs Post Office; late part of record for
summers only.

In Tooele Valley at mouth of South Willow Canyon.

Storage gage; monthly totals prorated from observed totals.

Storage gage; annual totals only do not permit proration of
monthly totals.

Known as Sells through 1923; record poor through 1920.

6 miles south of St. John Post Office; known as Center
Station.

4 miles south of St. John Post Office; known as Center
Station.

At St. John Railroad Station.

In Tooele Valley.

Record discontinuous.
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Figure 3.-Temperature and freeze data for six stations in and near Rush Valley.
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Table 2.-Estimated average annual evaporation, in inches, for
period of record at Saltair Salt Plant and Utah Lake Lehi

(Based on data from U. S. Weather Bureau, 1951-67, 1965. Adjustment
to annual evaporation and pan coefficient estimated from Kohler,

Nordenson, and Baker, 1959, pis. 3 and 4.)

Average of measured evaporation Annual Annual evaporation
6-month total from free water

May June July Aug. Sept. Oct. total for panT surface (rounded)2

Saltair Salt Plant3

9.48 12.33 15.18 13.32 9.01

Utah Lake Lehi4

5.82 65.14 81.43 57

8.27 9.73 10.79 9.50 6.94 4.06 49.29 61.61 43

T May-October evaporation is estimated to be 80 percent of annual total. Annual total is 6-month total x 1.25.
2 Evaporation from free water surface is estimated to be 70 percent of annual pan evaporation.
3 Period of record: 1956-65. Station altitude: 4,210 feet. Location: Latitude 40°46', longitude 112°06',27 miles

north-northeast of Stockton.
4 Period of record: 1931-65. Station altitude: 4,497 feet. Location: Latitude 40°22', longitude 1110 54',

approximately 25 miles east-southeast of Stockton.

GEOLOGY AND WATER-BEARING CHARACTERISTICS OF THE ROCKS

The data from Stokes (1964) and other investigators cited in the following discussion,
together with field data, have been used to emphasize the relation of geology to the hydrology of
Rush Valley.

Consolidated rocks

The consolidated rocks that form the mountains surrounding Rush Valley are divided
into four units: (1) metasedimentary rocks of Precambrian age and the Tintic Quartzite of Early
and Middle Cambrian age, (2) Paleozoic sedimentary rocks, which are mainly carbonates, (3)
Tertiary intrusive and extrusive igneous rocks, and (4) the Salt Lake Formation of Pliocene age.

The Precambrian rocks consist of about 11,000 feet of argillite, quartzite, and other
metamorphic rocks (Cohenour, 1959, p. 17). These rocks and the Tintic Quartzite crop out only
in the Sheeprock Mountains, south-southwest of Vernon, and they have mainly low permeability

10



and act as a conveyance medium of surface runoff of precipitation. The rocks are cut by both
high and low angle faults, which provide zones of locally high permeability. Because the rocks are
exposed at a high altitude where precipitation is great, they yield some ground water to springs
above 6,500 feet and sustain a few perennial streams that are augmented by discharge from
mines. The quantity of water stored in the Precambrian rocks is probably small because flow
from springs and streams dwindles in August (Cohenour, 1959, p. 120). (See also section on
surface water.)

The Paleozoic sedimentary rocks are exposed in most of the mountains and hills of the
valley perimeter, and it is known that they underlie younger rocks in a part of Rush Valley.
Detailed geologic maps (sources cited in Stokes, 1964) show that much of the section consists of
carbonate rocks which have been strongly deformed by folding and repetitive faulting. Steep dips
and cross faulting are common.

The Paleozoic sedimentary rocks have low primary permeability, but repeated fracturing
by folding and faulting has caused the development of secondary permeability. Fractures and
joints in the carbonate rocks have been enlarged by solution as water moves through them.
Gilluly (1932) gives examples of secondary permeability for parts of the Oquirrh Mountains. He
reports a mine tunnel penetrating "water courses" in limestone at or above 8,000 feet (pI. 29),
open fissures in limestone in the west limb of the Ophir anticline (p. 155-156), and water
developed in the Honerine Mine northeast of Stockton (p. 160). Gates (1963b, p. K-36) points
out the role of the sedimentary rocks in surface-water loss in a canyon in the Oquirrh Mountains
northeast of Rush Valley. The intake of water into the rocks probably accounts for the small
surface runoff from the Oquirrh Mountains.

Elsewhere the Paleozoic sedimentary rocks apparently drain a part of the ground water
from Rush Valley in the area between Fivemile Pass and Twelvemile Pass at the eastern side of
the valley. (See section on ground water.) Spring (C-5-5)9cba-Sl, which yields about 1,000 gpm
(gallons per minute) (table 15), discharges from alluvium where the alluvium directly abuts
limestone in a bedrock mass that crops out in the northern part of the valley. The authors believe
that the water moves from the bedrock into the alluvium and thence to the surface at the spring.

Some formations of Paleozoic age in the Rush Valley drainage basin appear to be
specifically associated with water. Among these are the Manning Canyon Shale and the Oquirrh
Formation. The relatively impermeable beds of the Manning Canyon Shale control the location
of springs in the southern Stansbury Mountains (Teichert, 1959, p. 66) and the Oquirrh
Mountains (Gilluly, 1932, p. 31). Teichert (1959, p. 65) describes the occurrence of springs that
discharge at the contact of the Manning Canyon Shale and the Great Blue Limestone along Clover
Creek. The largest of these, Clover Creek Spring, (C-5-6)32bba-S 1, discharged 4,500 gpm of water
on September 21, 1964.

The Oquirrh Formation yields large quantities of water to two wells drilled north of
Vernon and provides a specific example of the potentially large yield from fractured zones in
clastic rocks. Well (C-8-5)6ddb-1 was drilled to 534 feet and produced water from 430-534 feet
by natural flow at rates estimated to be from 900 to 1,450 gpm. The well subsequently was
pumped at a measured rate of 4,100 gpm with a drawdown of 13 feet. Well (C-8-5)6ddb-2 was
later drilled 40 feet from the first. The second well reportedly was test pumped at a rate of about
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8,600 gpm with a drawdown of 61 feet. The water-bearing zone was from 440 to 583 feet and
was identified as shattered quartzite of the Oquirrh Formation (M. D. Hubley, written commun.,
1967). How much of the shattered rock penetrated is bedrock and how much is weathered debris
in situ is not known.

The two wells described above are approximately on the trace of a covered fault that
trends along Vernon Creek (Stokes, 1964 and pI. 1). By contrast, well (C-8-516ccd-1 was drilled
about 0.6 mile west of the fault trace to a depth of 730 feet, the last 30 feet being in bedrock.
Well (C-8-5)6ccd-1 reportedly was pumped at 700 gpm, but this amount is small compared to the
yields of the former two wells that seem to be finished in a fault zone. It appears that the
completion of a large yield well in that area depends on localized favorable conditions that can be
determined only from more information than was available in the first half of 1967.

The igneous rocks of Tertiary age crop out in the south end of the Rush Valley drainage
basin as volcanic flows of early Tertiary age and in the Oquirrh Mountains as small areas of
porphyritic intrusive rocks. In both areas, the rocks have low permeability but probably interfere
with ground-water recharge and movement only locally.

The distribution of consolidated rocks of Tertiary age in Rush Valley is only partly
known because younger unconsolidated rocks cover them. Rocks of Eocene(?) age are described
by Disbrow (1957) and Morris (1964, p. L-3), but nothing is known of the hydrology of these
rocks and the small areas of outcrop are not shown on plate 1.

Rocks of late Miocene(?) to Pliocene age (Heylmun, 1965, p. 19-20) crop out in the
vicinity of Faust. These rocks and others that crop out east of the West Tintic Mountains and
near Boulter Summit are referred to as Salt Lake Formation by Stokes (1964). In the vicinity of
Faust, the Salt Lake Formation as mapped by Heylmun (1965, fig. 4) is 5,000-8,000 feet thick,
dips 15-40° westward, and is strongly faulted. The rocks consist mainly of volcanic tuff,
claystone, and limestone. The log of well (C-7-5)27dbb-1 and probably the lower parts of the logs
of wells (C-7-3)30acc-1 and (C-8-4)22aad-1 (table 13) are indicative of drillers' descriptions of
cuttings from the formation.

In the Vernon area, wells penetrate thick clay beds, some of which contain glass shards
(R. E. Marse", oral commun., 1967) that are characteristic of the Salt Lake Formation. From the
presence of these thick clays in numerous wells it is inferred that the formation underlies much
of the Vernon area.

Heylmun's description, the data from drillers' logs, and a brief field examination indicate
that the Salt Lake Formation in Rush Valley has low permeability.

Unconsolidated rocks

Rocks of late Tertiary(?) to Holocene (Recent) age constitute the principal ground-water
reservoir in Rush Valley. Figure 1 shows the broad subdivisions of Tertiary and Quaternary rocks,
which are based mainly on surficial distribution of lithologic types; the following discussion,
however, describes the ground-water reservoir and its water-bearing characteristics in various areas
of the valley.
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The unconsolidated rocks in Rush Valley consist of clay, silt, sand, and gravel, and larger
debris eroded from older rocks in the drainage basin. Much of the unconsolidated rocks, as
reported in drillers' logs (table 13), is fine grained, and a part of the oldest of these rocks is
conglomerate (cemented or partly cemented sand and gravel). In general, these rocks are coarsest
near the mountains and finest near the center of the valley.

Wells in the southeastern part of the valley probably would yield less than 100 gpm of
water because they penetrate few aquifers in the alluvium, colluvium, and older unconsolidated
rocks. Near the base of the Oquirrh Mountains, the wells in sec. 5, T. 6 S., R. 4 W., obtain about
350 gpm from the sand, gravel, and conglomerate in the colluvium and alluvium of the alluvial
apron. Northwest of Rush Lake, the colluvium and alluvium are mainly clay, but contain some
beds of gravel that apparently are derived from the conglomerate and other older rocks of
Tertiary and Quaternary age to the west. An irrigation well less than 100 feet deep in the clay
and gravel strata yielded 1,100 gpm of water.

On the northwest side of Rush Valley, the unconsolidated rocks consist of 20-100 feet of
coarse-grained deposits that rest on a thick section of pre-Lake Bonneville lacustrine(?) clay. The
shallow permeable rocks yield 10-100 gpm of water to small-diameter wells; the maximum
recorded yield in the area is 250 gpm of water from well (C-5-5)32dbb-1. South of the irrigated
area near Clover Creek, few subsurface data are available, but wells near Ajax Station on the
Union Pacific Railroad reportedly penetrated only clay.

In the Vernon area, several deep wells penetrated mainly clay below 300 feet. Most wells
are finished at shallower depths in older alluvium that consist of thick beds of clay with
intercalated thin beds of sand and gravel. The unconsolidated rocks of Quaternary age probably
are 100-300 feet thick and have moderate permeability. These deposits and the shallowest
underlying deposits of Tertiary age together yield no more than about 500 gpm of water to wells;
the average large-diameter well in the Vernon area probably would yield no more than 200-300
gpm of water.

In northern and east-central Rush Valley, 25-100 feet of lakebed sediments (pI. 1) rest on
older unconsolidated rocks or on the Salt Lake Formation. These deposits confine the water in
the underlying rocks and act as a perching medium elsewhere. Where saturated, they provide for a
large capillary rise that conveys ground water to the surface to be discharged by
evapotranspiration in the lowlands at and south of Rush Lake.

The younger alluvium, of Holocene age, is hydrologically important only along stream
channels where the moderately to highly permeable deposits receive water from or discharge
water to the streams. Elsewhere the deposits consist only of thin additions to the alluvial aprons
and soils and of semistabilized windblown sand along the south edge of the Oquirrh Mountains.

Thickness of unconsolidated rocks

The total thickness of the unconsolidated rocks differs from one part of the valley to
another, depending both on the structure of the underlying consolidated rocks and on the
location with respect to the sources of the material. The unconsolidated rocks are about 75 feet
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thick at the mouth of Ophir Canyon and about 215 feet thick at well (C-8-3)6aad-1 (table 13).
By contrast, more than 400 feet of sand, gravel, conglomerate, and clay were penetrated by the
supply wells at Deseret Chemical Corps Depot, which is west of the boundary faults near the base
of the Oquirrh Mountains.

In the western half of Rush Valley, the thickness of the unconsolidated rocks may exceed
1,000 feet in a strip of the valley from the central part of T. 5 5., R. 5 W., southward to the
central part of T. 7 5., R. 5 W. The boundaries of the strip of valley are the inferred faults
indicated on plate 1. A group of faults, mainly in Tps. 5 and 6 5., R. 5 W., are inferred from
gravity surveys (Cook and Berg, 1961, p. 85; W. W. Johnson, written commun., 1958), and
indicate that a bedrock high extends from South Mountain to the junction of State Highways 36
and 58. This bedrock high is confirmed both by the outcrop of Paleozoic sedimentary rock in the
northwest corner of T. 5 5., R. 5 W., and the report of bedrock at a depth of 339 feet in well
(C-5-5)21dcb-1. The west side of the strip is indicated by the inferred boundary fault west of
Clover. Within this strip, well (C-5-5)32adb-1 was jetted to a depth of 1,004 feet (Carpenter,
1913, p. 77). The method of well construction indicates that unconsolidated rocks were
penetrated.

The structural trough inferred in the vicinity of St. John may extend southward to the
Vernon subbasin and possibly into it. This inference is drawn because the general trend of the
bounding faults fits the regional trend of Basin and Range structures, because the structural
attitude of the Salt Lake Formation east of Faust Creek suggests that the covered fault that
follows the route of Vernon Creek (Stokes, 1964) may extend farther north, and because data
from wells in the northwestern part of T. 8 5., R. 5 W., appear to confirm the location of that
covered fault. A boundary fault along the base of the Onaqui Mountains, moreover, seems to be
indicated by the discontinuous segments of fault from the St. John area southward to the area
northeast of Lookout Pass. In this latter area, water-level data indicate a water-table trough that
trends northeastward toward the mouth of the Vernon subbasin (fig. 1). Water levels in the area
of the trough are deep, and it is inferred that deep permeable unconsolidated rocks are the cause
of the trough. The accumulation of a thick section of permeable unconsolidated rocks in the area
of the water-table trough, which parallels the inferred direction of boundary faulting, most likely
would be related to the inferred faulting.

WATER RESOURCES

Precipitation

The normal annual precipitation in the Rush Valley drainage basin is less than 10 inches
in the central lowlands, but reaches maximums of more than 40 inches in the Oquirrh and
Stansbury Mountains and lightly more than 25 inches in the Sheeprock Mountains. (See fig. 3).

Precipitation is greatest in the basin in winter and early spring and least in July, August,
and September. Table 3 shows the average monthly and annual precipitation at 12 climatologic
stations in and near Rush Valley.
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Table 3.-Average monthly and annual precipitation, in inches, at climatologic stations in and near Rush Valley

Data from U. S. Weather Bureau (1951-67). Numbers in parentheses show period of record, in years. Annual total is sum of monthly
averages. See figure 2 for station locations.

Bingham Government Grantsville Middle Ophir Orr's St. John

Bauer Benmore canyon Eureka Fairfield Creek Power House Canyon Canyon Ranch Station Tooele Vernon

January 0.96(18) 1.02(49) 1.90(24) 1.48(34) 0.86(15) 1.00(49) 1.20(14) 2.27(9) 0.62(31) 0.36(11 ) 1.29(69) 0.68(4)

February .94(17) 1.23(49) 1.85(24) 1.34(34) .70(15) 1.19(49) .94(14) 3.81(9) .88(30) 64(11) 1.48(69) .46(4)

March 1.54(16) 1.55(49) 2.37(24) 1.46(34) .99(15) 1.60(49) 1.59(14) 4.02(9) .87(31 ) .80111 ) 1.92(70) .66(4)

April 1.58(17) 1.29(50) 2.45(24) 1.44(34) .86(14) 1.32(49) 1.38(14) 4.40(9) .91 (30) .94(11) 2.06(69) .74(4)

May 1.54(17) 1.21(50) 2.11 (25) 1.30(35) 1.21(151 1.45(50) 1.29(13) 2.78(9) 1.03(28) 1.06(11 ) 1.80(69) 1.14(3)

->
June 1.03(16) .78(50) 1.86(24) .96(35) .67(15) .72(48) 1.18(13) 2.09(9) 51 (28) .46(10) .94(70) 1.40(4)

(J'l
July .85(16) .85(49) 1.02(24) 1.00(35) .77(14) .79(49) .89(13) 1.05(9) 50(29) .43(10) .75(70) 1.25(3)

August .72(17) .95(50) 1.26(24) 1.31 (35) .92(14) 1.01 (49) 1.09(13) 1.40(9) .74(291 .61 (10) .89(70) 1.25(3)

September .48(18) .69(49) .82(24) .72(35) .74(14) .70(49) .53(13) 1.23(91 50(29) .40(10) .881701 .80(5)

October 1.10(18) 1.14(49) 1.36(24) 1.15(35) .52(14) 1.15(49) .96(14) 1.62(9) .99(29) .79(10) 1.45(70) .47(5)

November 1.21 (18) 1.02(49) 1.79(24) 1.07 (35) .71 (14) .97(48) 1.26(14) 3.06(9) .69129) .62(11) 1.53(70) .85(5)

December 1.20(19) 1.11(49) 2.04(24) 1.51 (35) .96(15) 1.01 (49) 1.20(14) 2.94(9) .81 (29) .72(11) 1.30(70) .74(5)

Annual total 13.15 12.84 20.83 14.74 9.91 12.91 13.51 30.67 19.9 1 905 7.83 16.29 10.44

1931-60 14.08 15.48
normal
annual
precipitation

1 Based on seven measurements of annual accumulation.



The rate of precipitation in Rush Valley changes cyclically through long periods of time.
Figure 4 shows periods of average to above-average precipitation and average to below-average
(drought) precipitation for two long-term stations near Rush Valley. Total annual precipitation
over a period of years, however, approaches the average of 550,000 acre-feet of water given in
table 4. About 50 percent of the annual precipitation falls on the high mountains and adjacent
steep alluvial slopes that make up 35 percent of the drainage basin. The distribution of
precipitation is summarized in table 4.

Table 4.-Distribution of normal annual precipitation
in the Rush Valley drainage basin

(Measured with planimeter from an isohyetal map prepared
by the U. S. Weather Bureau (1963a) as modified by E. L. Peck, written commun., 1966)

Precipitation
(inches)

>40
30-40
25-30
20-25
16-20
12-16
10-12
<10

Total (rounded)

Area
(acres)

1,920
8,300

15,520
24,500
44,160

194,100
Bl,300

100,100

470,000

Surface water

Precipitation
(acre-feet, rounded)

6,700
24,300
35,700
45,BOO
66,200

221,500
73,900
72,500

550,000

Some of the precipitation that falls in the mountains of the Rush Valley drainage basin
flows to lower altitudes in streams. On the alluvial slopes of the valley much of the water in
streams is lost by infiltration and by evapotranspiration in areas of cultivated and native
vegetation. A small amount of streamflow reaches the playas in the east-central part of Rush
Valley and at Rush Lake where it is evaporated. Although tributary channels are mostly well
defined, the playas and parts of central and upper Faust Creek are not active drainage ways
because they receive runoff from above-normal precipitation and snowmelt only infrequently.
Most tributaries to the valley are intermittent and flow only in response to snowmelt and summer
thu nderstorms.

Eight streams in the mountains that surround Rush Valley are perennial, and all of them
are sustained at low flow by ground-water discharge at moderate to high altitudes from springs,
seeps, or mines. Clover Creek heads in the Johnson Pass area between the southern Stansbury and
the northern Onaqui Mountains (pI. 1). Soldier and Ophir Creeks head in the Oquirrh Mountains
and Vernon, Bennion, Dutch, Harker, and Oak Brush Creeks head in the Sheeprock Mountains.
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Figure 4.-Cumulative departure of annual precipitation from average annual precipitation
at Government Creek and Tooele.
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The flow of the perennial streams is variable during the year and generally reaches a
maximum rate of discharge during the season of high altitude snowmelt. Water naturally available
is supplemented by discharge from mines in Ophir Canyon (Gilluly, 1932, p. 148), Bennion
Canyon, and North Oak Brush Canyon (Cohenour, 1959, p. 120). Low-flow conditions differ
among the mountains ranges; but it seems probable that under natural conditions, all low flow
would infiltrate the permeable alluvial apron at the mouths of canyons and be lost to the
ground-water reservoir. In all the canyons named, however, water is conveyed across the alluvial
apron to farmlands in Rush Valley.

The only available continuous record of streamflow in Rush Valley is for Vernon Creek in
the NE~NW~SW~ sec. 2, T. 10 S., R. 5 W. (pI. 1) and is designated as station 10-1727. Vernon
Creek near Vernon (U. S. Geol. Survey, 1967, p. 265). A summary of the station record is given
in table 5. Partial records have been obtained on Clover Creek (table 6) and at other sites as a part
of the crest-stage gage program operated in cooperation with the Utah State Department of
Highways. Miscellaneous measurements of streamflow, largely in connection with planning in the
Vernon area, have been made by the U. S. Soil Conservation Service and are listed in table 11
together with estimates of discharge where streams were sampled for chemical analysis. Locations
of sites are shown on plate 1.

The amount of streamflow that reaches the alluvial apron in Rush Valley cannot be
computed directly because adequate records are not available. The potential long-term average
runoff was estimated, however, using the isogram worksheets described by Bagley, Jeppson, and
Milligan (1964, p. 56). In their study of water yields in Utah, they statistically analyzed the
basins for which runoff is gaged. The derived parameters were then applied to other ungaged
parts of Utah, such as Rush Valley, based mainly on the relation of precipitation to altitude.

The long-term average potential annual runoff from the uplands of the Rush Valley
drainage basin was estimated by multiplying the area between adjacent lines of equal runoff, as
shown on the worksheets at a scale of 1:250,000, by the average value for runoff in the area
between the two lines. The total estimated potential runoff is 70,000 acre-feet (table 7).

The estimated 70,000 acre-feet of potential runoff into Rush Valley probably is a
maximum figure, because the Oquirrh Mountains apparently do not yield flow in surface streams
commensurate with the extent and altitude of the upland area as calculated by Bagley, Jeppson,
and Milligan (1964).

Ground water

Source

Ground water in Rush Valley is derived entirely from snowmelt and rainfall within the
drainage basin, mostly on lands above altitudes of 5,500-6,000 feet. The quantity of precipitation
at these altitudes generally exceeds the immediate losses from evapotranspiration, so that some
water infiltrates the consolidated rocks in the mountains and some collects in streams that
discharge onto the adjoining alluvial fans and aprons. Of the stream water that reaches the fans,
much is lost to evapotranspiration before and after infiltration; some adds to the soil moisture,
and a part percolates to the water table.
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The ann"ual average rate of recharge from precipitation on lands below 5,500-6,000 feet is
small because the amount of precipitation is generally small and most of it is held by the soil and
subsequently discharged by evapotranspiration. The rate of recharge is highest in the
coarse-grained deposits (Oag on pI. 1) and least or nonexistent in the fine-grained deposits.

Table 5.-Summary of record for station 10-1727, Vernon Creek near Vernon

Location: Lat 39°59', long 112°23', in W% sec. 2, T. 10 S., R. 5 W., on right bank 7 miles upstream from
confluence with Dutch Creek forming Faust Creek and 8 miles southeast of Vernon.

Drainage area: 25 sq mi, approximately.

Records available: June 1958 to September 1966.

Gage: Water-stage recorder. Altitude of gage is 6,200 ft (from AMS topographic map).

Extremes: Maximum discharge, 78 cfs Apr. 14, 1962; minimum, 0.4 cfs Nov. 20, 1961.

Monthly and annual discharge, in acre-feet

Water
yeer Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Annual

1958 112 104 96

1959 101 99 98 95 89 111 103 96 89 84 75 66 1,110

1960 65 71 75 83 90 113 129 163 103 92 71 74 1,130

1961 89 89 82 66 73 87 84 74 71 65 62 70 912

1962 72 81 90 89 125 97 349 211 135 119 86 115 1,570

1963 109 106 116 111 101 117 108 112 93 89 79 70 1,210

1964 81 84 87 86 80 95 141 363 159 104 104 92 1,470

1965 110 114 121 137 102 114 193 237 126 95 107 99 1,560

1966 111 112 112 115 111 133 127 124 94 88 88 88 1,300

Total 738 756 781 782 771 867 1,234 1,370 870 848 776 770 10,262

Years of
record 8 8 8 8 8 8 8 8 8 9 9 9 8

Averege 92 95 98 98 96 108 154 171 109 94 86 86 1,290
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Table 6.-Measured and estimated discharge, in cubic feet per second,
at station 10-1727.6 Clover Creek near Clover

(Crest-stage gage in SE%SE%NE% sec. 32, T. 5 S., R. 6 W.l

Discharge: Estimated unless indicated by a, indirect measurement of peak discharge, or m,
measured with current meter.

Date Discharge Date Discharge

Aug. 4, 1960 1.5 Oct. 22, 1962 2.25

Aug. 12 3.04m June 7, 1963 3.7

Aug. 17 2 July 15 3.0

Aug. 26 2.7 Aug. 5 3.0

Sept. 8 3 Aug. 30 2.75m

Sept. 19 2 Sept. 18 3.0

Oct. 5 2.04m Apr. 21, 1964 4.0

Oct. 17 2 May 15 22.8m

Nov. 8 3 June 7 35

July 28, 1961 1.5 June 22 10.0m

Aug. 8 1.5 July 24 7.41m

Sept. 3 2.0 Aug. 17 2.5

Sept. 28 1.3 May 3, 1965 14.8m

Feb. 1962 20 July 21 12

Feb. 15 3.0 Aug. 13 87.0a

July 16 8.4 Aug. 24 7.2

Aug. 1 6.4 Oct. 15 13.5a

4.0

Aug. 28 3.5 May 18, 1966 8.42m

Sept. 14 3.0 June 20 5.25

Nov. 11 2.04
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Table 7.-Estimated potential average annual runoff from the uplands
of the Rush Valley drainage basin

(Calculated from isorunoff maps described by Bagley, Jeppson, and Milligan, 1964, p. 56)

Interval between
lines of equal

runoff (inches)

1-2

2-4

4-8

8-12

12-16

16-20

More than 20

Total (rounded)

Average
runoff

(inches)

1.5

3

6

10

14

18

21

Area
(acres)

27,500

25,000

59,500

13,100

8,000

5,100

300

140,000

Estimated runoff
(acre-feet,
rounded)

3,400

6,300

29,800

10,900

9,300

7,600

500

70,000

Estimated average annual recharge

The average annual recharge to Rush Valley was estimated by assuming that a fixed
percentage of the average annual precipitation enters the ground-water reservoir in the valley. The
method, described by Hood and Waddell (1968, p. 22), was derived from the method of Eakin
and others (1951, p. 79-81). The recharge estimate for Rush Valley was made by considering the
drainage basin as four areas-the Sheeprock Mountains, other upland areas, an excluded area in
the Oquirrh Mountains, and areas of unconsolidated rocks in the valley.

In the Sheeprock Mountains, the maximum rate of precipitation is less than in the other
high ranges, but the lithology and geologic structure of the rocks aid in delivery of water to the
valley. The other uplands have in common an abundance of distorted carbonate rocks that dip
steeply toward the valley and transmit water readily. An area in the Oquirrh Mountains, however,
was excluded from the recharge estimate because the geologic structure is believed to inhibit
recharge to Rush Valley. A part of the excluded area is in the Cedar Valley recharge area (Feltis,
1967, fig. 4) and a part is along the east side of Ophir Canyon and the east and north sides of
Soldier Creek canyon where the rocks dip northeastward into the Pole Canyon syncline.

Recharge to unconsolidated rocks in Rush Valley is only a small percentage of the
precipitation that falls on them. This small amount, which contrasts with the higher percentages
assigned to the precipitation on lands at higher altitudes, is applied to more than one-half of the
total drainage basin.
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The estimate of the average annual ground-water recharge to Rush Valley is about 34,000
acre-feet (table 8) or slightly more than 6 percent of the estimated 550,000 acre-feet of
precipitation that falls on the drainage basin.

Table a.-Estimated average annual ground-water recharge in Rush Valley

(Areas of precipitation zones and excluded areas measured from isohyetal
maps, geologic maps, and figure 4 in Feltis (1967))

Estimated annual
preci Jitation Estimated annual recharQe

Precipitation Area Percentage of
zone (inches) (acres) Inches Acre-feet precipitation Acre-feet

Areas of consolidated rocks'

Sheeprock Mountains

More than 25 3,300 26 7,200 30 2,200
20-25 5,600 22.5 10,500 25 2,600
16-20 4,300 18 6,400 17 1,100
12-16 8,000 14 9,300 12 1,100

All other uplands

More than 30 5,400 32 14,400 30 4,300
25-30 7,200 27.5 16,500 25 4,100
20-25 10,800 22.5 20,200 17 3,400
16-20 20,500 18 30,800 12 3,700
12-16 33,500 14 39,100 10 3,900
Excluded area2 17,600 0

Areas of unconsolidated rocks

16-20 15,700 18 23,600 a 1,900
12-16 151,900 14 177,000 3 5,300
Less than 12 181,400 10 151,000 .5 800

Total (rounded) 470,000 510,000 34,000

, Includes small araas of thin alluvium that receive more than 20 inches of precipitation.
2 Part of the Oquirrh Mountains in which geologic structure inhibits recharge to Rush Valley. (See pI. 1.)
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Occurrence

Owing to the control of the geology, the occurrence of ground water in Rush Valley is
sufficiently different from one part of the valley to another to warrant separate discussions by
area.

Southeastern Rush Valley

In the valley east of Faust Creek and southeast of the mouth of Ophir Canyon,
hydrologic conditions appear to be fairly uniform. The ground water in the southern part of the
alluvial fan below the mouth of Ophir Canyon is unconfined, and unconfined (water-table)
conditions probably occur in much of the southeastern part of the valley. In the fine-grained
aquifers beneath the lowlands, nonflowing confined (artesian) conditions apparently occur. Water
levels in wells near Faust Creek are shallow, but the depth to water increases eastward. The east
edge of the valley from Fivemile Pass to Twelvemile Pass apparently is a discharge area where
ground water drains from the fine-grained aquifers into limestone of Paleozoic age. The reported
water level of 696 feet below the land surface in well (C-8-3)6aad-l (table 12), which taps
limestone, appears reliable, considering the depth of pump setting and the recent (1967)
measurement of a dry depth of 340 feet. The record of the well indicates that the water level in
the limestone is lower than the water level in unconsolidated rocks both in Rush Valley and in
Cedar Valley to the east, as reported by Feltis (1967, fig. 4).

Vernon area

The Vernon area contains ground water under both confined and unconfined conditions
in both consolidated and unconsolidated rocks. Some of the wells in the Vernon area flow; and
others indicate nonflowing artesian conditions, mainly along the trend of Vernon Creek in the
western part of R. 6 W. and the eastern part of R. 6 W. as far south as T. 9 S. Wells that flow are
as shallow as 124 feet (table 12). The conditions that produce the artesian pressure are the
fine-grained sediments in the unconsolidated rocks and the artesian head in the underlying
consolidated rocks. Unconfined conditions in the Vernon area apparently exist in the moderately
permeable unconsolidated rocks to a depth of about 100 feet, in the upper reaches of Vernon
Creek, and possibly in the western part of the Vernon area where a trough occurs in the water
table (pI. 1).

A few deep wells in the Vernon area have penetrated consolidated rocks of Paleozoic age
and have obtained ground water that is under artesian pressure. Under specific favorable local
conditions, water can be obtained in very large quantities. (See discussion in section on geology
and water-bearing characteristics of the rocks.)

Nor1hern Rush Valley

Northward from the Vernon area to the vicinity of Rush Lake, ground water generally
occurs under unconfined conditions in a veneer of younger alluvium that overlies the older
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fine-grained unconsolidated rocks. The deep, fine-grained unconsolidated rocks yield little water
to wells but contain some water under artesian pressure, as at well (C-5-5l32adb-1. Structural
distortion of the older unconsolidated rocks, as in the fault scarp in the eastern part of T. 6 S., R.
6 W., is responsible for a few springs and seepage areas on the alluvial slopes. The water-table
contours, as shown on plate 1, indicate that the ground-water surface slopes steeply eastward and
thus indicate that the older unconsolidated rocks control the depth to water along the western
slope of the valley by preventing downward percolation from the veneer of younger, surficial
rocks. A slight downstream convexity of the contours across Clover Creek shows that the creek
there loses some water to the alluvium along its bed.

The occurrence of water in consolidated rocks in the immediate Clover-St. John area is
unknown; but upstream, limestone yields water at Clover Creek Spring, (C-5-6l32bba-S1, and
artesian conditions in the Paleozoic sedimentary rocks are indicated by the warm spring
(C-5-5l9cba-S1.

On the northeast side of Rush Valley the fan below the mouth of Ophir Canyon contains
unconfined ground water, as in the Deseret Chemical Corps Depot well (C-6-4l5bdd-1. Confined
conditions are probable in the lower slopes of the fan. Unconfined conditions probably extend
northward beyond the edge of the fan where it abuts older material that underlies a high
erosional surface. The deep water level in well (C-4-5l36daa-1 near Soldier Creek indicates
unconfined conditions, but confined conditions are possible at greater depths, owing to the
intercalated thin beds of clay.

Ground water in the vicinity of Rush Lake occurs mainly under confined conditions.
Springs along the southeastern side of the lakebed are believed to result from an abrupt lateral
change in grain size within the unconsolidated rocks as well as a fine-grained confining bed at the
land surface. Thus ground water moving toward the valley is retarded and moves to the surface.
Water that issues from the warm spring, (C-5-5)9cba-S1, southwest of the lakebed, rises to the
surface apparently for the same reason. At the northwest side of the lakebed, several shallow
large-yield irrigation wells obtain water from gravel in what otherwise is a fine-grained section of
unconsolidated rock. The deepest well in the area, (C-5-5l4baa-1, was drilled to 300 feet and
reportedly flowed at 650 gpm.

Movement

Ground water moves from recharge areas at higher altitudes to discharge areas at lower
altitudes. In Rush Valley ground water moves toward two different discharge areas, as indicated
by the arrows on plate 1.

A ground-water divide extends from the eastern edge of the Onaqui Mountains, in the
northeastern part of T. 7 S., R. 6 W., northeastward to the mouth of Ophir Canyon in the
southwestern part of T. 5 S., R. 4 W. North of the divide, ground water moves from the northern
Onaqui and southern Stansbury Mountains eastward and from the Oquirrh Mountains westward
to the center of Rush Valley and thence northward toward Rush Lake.

South of the ground-water divide, ground water moves generally eastward across the
valley to the vicinity of Fivemile Pass and Thorpe Hills. Some ground water moves southward
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from the southern Oquirrh Mountains and northward from Boulter Summit and the West Tintic
Mountains toward Fivemile Pass. Ground water in the area of Vernon moves toward a water-table
trough northwest of Vernon and thence northeastward across the valley.

Both north and south of the ground-water divide, the slope of the ground-water surface
beneath the lowest parts of Rush Valley is gentle. Although water undoubtedly is moving, the
quantity of water is small because the aquifers have low permeability.

Storage

A ground-water system is in dynamic equilibrium under natural conditions; long-term
average recharge and discharge are equal, and the amount of ground water in transient storage
remains nearly constant. Development of wells for irrigation in Rush Valley has not appreciably
altered the natural balance as of 1967. Water-level changes (table 14 and fig. 5) generally result
from changes in precipitation on the drainage basin.

Recoverable ground water in storage is that part of the stored water that will drain by
gravity from the ground-water reservoir as water levels are lowered. It is the product of the
specific yield of the reservoir rocks, the saturated thickness, and the area.

Saturated unconsolidated rocks underlie about 250,000 acres in Rush Valley. The specific
yield of these deposits is unknown, but it is known to differ from place to place in the valley and
with depth. The following table gives estimated specific yields for the various types of
unconsolidated rocks and the estimated volumes of recoverable water stored in the upper 100
feet of these rocks in the valley.

Material

Mainly gravel and sand

Much clay, but some sand
and gravel beds

Mainly clay and silt with
thin beds of sand

Total (rounded)

Area
(acres)

40,000

30,000

180,000

250,000

Estimated
specific yield

0.20

.10

.03

Volume of
recoverable

ground water
in upper
100 feet

(acre-feed

800,000

300,000

540,000

1,600,000

The storage figure of 1,600,000 acre-feet, which is 46 times that of the estimated annual
recharge, probably is a minimum figure because the unconsolidated rocks are much thicker than
the 100 feet used for the estimate.
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Figure 5.-Water levels in selected observation wells in Rush Valley.
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Data are not available on which to base an estimate of ground water stored in
consolidated rocks, but the quantity of recoverable water in storage probably is small because of
the low bu Ik porosity of those rocks.

Discharge

Ground water is discharged from Rush Valley by wells, by evapotranspiration, and by
subsurface outflow. The water that discharges from springs is included in the figure for
evapotranspiration because all the spring water is eventually consumed by evapotranspiration
within the valley.

Wells

Rush Valley contains many wells, which are concentrated mainly around the small
centers of population. Wells provide domestic supplies of water for an estimated 750 people. The
main use of ground water, however, is for irrigation, as shown in the following tabulation.
Quantities are in acre-feet.

Use 1964 1965 1966

Irrigation 4,010 4,240 4,700
Domestic 130 130 130
Stock 10 10 10
Total (rounded) 4,200 4,400 4,800

Approximately 17 wells supplied water for irrigation during 1966, and most of the water
supplemented surface supplies that were diverted from streams and large springs.

Evapotranspiration

A large part of the ground water that leaves Rush Valley is transpired by plants and is
evaporated from soils where the water table is shallow enough to moisten the surface. The data
used for the estimate of evapotranspiration were obtained from a rapid field examination of plant
distribution and comparison of that data with a map of the depth to water in wells in the valley.
In contrast to less populated and drier valleys in western Utah, the vegetation on more land in
Rush Valley has been changed from its natural state and the valley receives more precipitation.

Vegetation. -Areas of phreatophytes are shown on plate 1. The areas shown are based on
field observation of the distribution of the plants. However, known phreatophytes extend into
parts of the valley where the plants use only soil moisture and are not truly phreatophytic. In
preparing plate 1, therefore, the depth to water was used as a guide in outlining the areas of
phreatophytes.
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The phreatophytes grow where the depth to water does not exceed 50 feet. The principal
phreatophytes are greasewood (Sarcobatus vermicu/atus), rabbitbrush (Chrysothamnus
nauseousus), and meadow grasses including saltgrass (Distich/is stricta) in the lowest, damp areas.
Cattails (Typha sp.) grow in a few ponds in the Rush Lake bottom land and in the same area,
sedges (Carex sp.) and rushes or wiregrass (Juncus sp.) grow in spots that are perennially damp.
On some alluvial slopes, greasewood is mixed with small or stunted sage plants (Artemisia sp.l
(Vallentine, no date, p. 2-5). A small beginning infestation of saltcedar (Tamarix gallica) grows on
otherwise nearly bare ground near a railroad culvert in sec. 15, T. 6 S., R. 5 W., and patches of
willow (Salix sp) are along streams on the upper alluvial slopes, as along Clover Creek.

In addition to these native plants, alfalfa (Medicago sativa), a cultivated phreatophyte, is
grown in the Vernon area. This plant can extend roots to the water table where the depth to
water is as great as 66 feet (Robinson, 1958, p. 60), and a well established stand growing over a
shallow water table can withdraw 2-3 acre-feet of water per acre of alfalfa during a 5-month
growing season.

A part of the Rush Valley bottom land is bare of vegetation, particularly in areas
underlain by Lake Bonneville lacustrine silts. The bareness is partly due to the small amount of
soil moisture in the silts but probably mostly due to soil salinity. The lowest areas of the valley,
as the Rush Lake bottom land and the playas south of Deseret Chemical Corps Depot, are
infrequently inundated; but the water stands on the surface for periods long enough to kill all but
quick-growing xerophytes, such as whitetop (Lepidium draba).

Estimated average annual evapotranspiration. -The major areas of evapotranspiration are shown
on plate 1, and an estimate of the average annual rate of ground-water discharge by
evapotranspiration is given in table 9. Areas of cultivated land and irrigated graz"ing land in the
Clover-St. John and Vernon areas are not separated from areas of phreatophytes, but the
estimates for rate of ground-water use are adjusted accordingly.

The estimated quantity of ground water discharged by evapotranspiration in Rush Valley
amounts to 27,000 acre-feet per year, which is about 70 percent of the estimated total annual
ground-water discharge from the valley.

Subsurface outflow

Discharge toward the east. -Ground water in the unconsolidated rocks in Rush Valley
apparently discharges into the structually distorted rocks of Paleozoic age that form the eastern
margin of the valley from Fivemile Pass near the south end of the Oquirrh Mountains to the
vicinity of Twelvemile Pass. The slope of the water table is toward the east (pI. 1), and a reported
water-level measurement in well (C-8-3)6aad-l (table 12) indicates that the water level in
consolidated rocks is deeper than in the unconsolidated rocks. Thus there would be a hydraulic
gradient into the consolidated rocks.

The quantity of water discharged from the eastern edge of the valley is estimated to be
5,000 acre-feet per year. Much of the water-bearing material in the eastern half of the valley is
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Table g.-Estimated average annual evapotranspiration in Rush Valley

Evapotranspiration
Depth to

Area water Acre-feet
Location and type (acres) (feet) per acre Acre-feet

Middle to lower alluvial slopes in central and
western part of valley (pI. 1). Mainly
greasewood, but associated with
rabbitbrush, other phreatophytes, and sage
in the southern part of the valley.

Low areas of southern Rush Valley near
Vernon. Mixed phreatophytes, including
dense rabbitbrush along parts of stream
channels. Sparser growths of rabbitbrush
and greasewood along edges of area.
Includes cultivated lands and areas of
locally dense meadow in which part of
crops use ground water.

Central valley bottom land. Bare soil in playas
and fine-grained lacustrine deposits.

Clover Creek channel area and middle to
lower alluvial slope near St. John. Mixed
phreatophytes including rabbitbrush, and
subirrigated cultivated land and pasture.
Rabbitbrush is very dense in some
uncleared areas.

Rush Lake bottom land.

Grassland and bare soil that is moist
to saturated. Wet during winter, moist
in summer.

Spring-fed or flooded marshy land. Dense
grass, rushes, and hydrophytes; small ponds
of open water. Area changes with season.

Totals (rounded)

29

36,700

11,300

3,800

5,400

2,500

1,900

61,600

20-50

0-20

15-25

5-20

0-10

0-2

0.2

.75

o

.75

.8

2.5

7,300

8,500

o

4,000

2,000

4,800

27,000



reported to be clay, -silt, and fine sand (table 13), and is estimated to have an average
permeability of 30 gpd per ft2 (gallons per day per square foot) (Johnson, 1963, p. 31). The
saturated thickness of the material is on the order of 400 feet, and thus the coefficient of
transmissibility (T) is about 12,000 gpd per ft. The slope of the water table (I) at the 5,000-foot
water-level contour (pI. 1) varies from 50 feet per mile to less than 10 feet per mile and is
estimated to average 25 feet per mile. The length (L) of the 5,000-foot contour is about 15 miles.
The quantity (Q) of water discharged from the valley, thus is calculated from the equation

Q = TIL
= 12,000 x 25 x 15
= 4,500,000 gpd, or 5,000 acre-feet per year

Discharge toward the north.-An estimate for subsurface discharge from the ground-water
reservoir at the north end of Rush Valley is not included in this report, but it should be pointed
out here that the amount is probably small but significant. Both Thomas (1946, p. 194-196) and
Gates (1965, p. 22) have discussed the movement of a small quantity of water beneath the
Stockton bar between Rush and Tooele Valleys. Gates points out the difference of about 300
feet in water levels between Rush Valley on the upper side and Tooele Valley on the lower.

Thomas (1946, p. 195) and Gilluly (1932, p. 117-118) summarized data from Gilbert
(1890) and later sources to show that Rush Lake, the lowest part of Rush Valley, expands and
recedes in response to changes in precipitation. In 1862, the lakebed contained a small pond and
meadows; but in 1872 the lake was 4% miles long and 10 feet deep, and the water was fresh
enough for domestic use. By 1880, it had shrunk to half of its length in 1872, and the water was
too brackish to be palatable'. Since 1934 to the present (1968) the lakebed generally has been
dry but has a small marshy area. Considering that Rush Lake is the lowest point in the valley,
that it receives drainage from an extensive upland area, and that after the lowering of ancient
Lake Bonneville the residue of the water trapped behind the Stockton bar would have receded to
a low point, it would be expected that the lowest part of the Rush Lake bottom land would
contain saline soil. The following analysis of soil from Rush Lake bottom land (analysis by the U.
S. Bureau of Reclamation -Regional Laboratory, Salt Lake City, Utah) indicates that the upper 6
inches of soil at the lowest point on the lakebed near the foot of the Stockton bar in the
NE%NW%NW% sec. 26, T. 4 S., R. 5 W., contains no appreciable quantities of readily soluble
evaporite minerals.
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Sampling site:
Sampling date:
Sampling depth:

Mechanical analysis

{C-4-5)26bba
May 17, 1967
0-6 inches, composited

Particle size

Larger than 0.05 mm
0.05-0.005

0.005-0.002
Smaller than 0.002

Saturation extract

Specific conductance (EC x 106 at 25°C)
pH

Chemical analysis

Dissolved solids
Calcium {Cal
Magnesium (Mg)
Potassium (K)
Sodium (Na)
Carbonate plus bicarbonate (COa + HCOa)'
Chloride (CI)
Sulfate (S04)2

1 COa not reported separately because sample was dilute.
2 Celculated.

Percentage of sample

8.2
28.0
6.0

57.8

817
8.8

Parts per million

648
55
17
38
97

294
40

164

The difference in water levels across the Stockton bar, the reported fluctuations in lake
size and water quality, the silty clay in the lake bottom, and the chemical character of the clay
suggest that (1) the lakebed receives and stores surface water during periods of above-normal
precipitation, (2) part of the water is discharged by evaporation, (3) the remainder drains away
very slowly from the north end of the lake to Tooele Valley, and (4) during periods of
below-normal precipitation, both precipitation and fresh surface inflow flush saline residues in
the lake-bottom deposits downward.

Ground-water budget

The average quantity of ground water recharged to and discharged from Rush Valley is
estimated to be in the range of 34,000-37,000 acre-feet per year. The quantities of water involved
are summarized in table 10.
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Table 10.-Ground-water budget for Rush Valley

Item

Recharge (table 8)

Discharge:
Evapotranspiration (table 9)
Subsurface outflow (p. 28)

Total natural ground-water discharge
Wells, 1966 (p. 27)

Total discharge (rounded)

Acre-feet per year

34,000

27,000
5,000

32,000
4,800

37,000

It should be emphasized that the figures in the budget are not precise and show only the
order of magnitude of the quantities of water involved in the recharge-discharge relationship.

Perennial yield

The perennial yield of a ground-water reservoir is the maximum amount of water of
suitable chemical quality that can be withdrawn economically each year for an indefinite period
of years. The perennial yield cannot exceed the natural discharge; moreover, the yield will be
limited to the amount of natural discharge that can be economically salvaged for beneficial use.

In Rush Valley, the maximum amount of natural discharge that is available for salvage is
the estimated evapotranspiration loss of about 27,000 acre-feet per year (table 9). In some
phreatophyte areas in Rush Valley a part of the water now lost to evapotranspiration could be
salvaged if additional wells were drilled. Little, if any, of the subsurface outflow can be
economically salvaged, however, both because of the depth to water and because wells finished in
the fine-grained aquifers would have small yields. At present, the salvage of water appears most
feasible in the area extending from the vicinity of Vernon to upper Faust Creek near Faust,
where an estimated total of about 8,000 acre-feet of ground water is discharged annually by
phreatophytes. Near Rush Lake, a part of the estimated 4,000-5,000 acre-feet of water
discharged annually in and near the lakebed might be salvaged both by pumping and by
distribution of spring discharge. In both areas, salvage of water would require a uniform lowering
of the water table. It is estimated that an additional 10,000 acre-feet of ground water in Rush
Valley might be diverted to beneficial use, but wells should be carefully spaced to achieve
uniform lowering of the water table. If it is desired to withdraw appreciably larger quantities of
water than can be salvaged from losses by evapotranspiration, the additional quantities would
have to be mined from water in storage.

A part of the problem of assessing the potential salvage of water from loss by
evapotranspiration lies in the beneficial use of water where cropland and grazing land are
subirrigated. In such areas, pumping operations would simply redistribute water that is now
partly used by man. A more detailed study is needed to determine the relative merits of existing
conditions and redistribution by pumping.
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CHEMICAL QUALITY OF WATER

The concentration of dissolved solids in water in the Rush Valley drainage basin ranged
from 200 to 2,180 ppm (parts per million) (tables 16 and 17). The concentration of dissolved
solids and chemical composition of water from the springs and streams in the mountains are
uniform throughout the drainage basin (pI. 1). By contrast, both the concentration of dissolved
solids and chemical composition of the ground water varies from one part of the valley to
another and also varies locally.

Mountains

The concentration of dissolved solids in the water from the springs and streams sampled
in the Stansbury, Oquirrh, and West Tintic Mountains ranged from 200 to 338 ppm. Calcium and
bicarbonate are the principal constituents. The major perennial mountain streams which recharge
the ground-water reservoir through the alluvial aprons and influence the chemical character of
water in the valley are Soldier, Ophir, Clover, and Vernon Creeks. (See table 17 and analysis in
table 16 for spring (C-5-6)32bba-Sl, which is the major source of Clover Creek.)

Valley

The concentrations of dissolved solids in water sampled from wells and springs in the
valley ranged from 238 to 2,180 ppm. Most of the water, however, contained less than 1,000
ppm of dissolved solids; water from only three sources exceeded 1,000 ppm. The principal
constituents of most water in the valley were calcium and bicarbonate but magnesium, sodium,
and chloride were the principal constituents in some of the water. The chemical composition of
ground water from many of the wells along the alluvial slopes is similar to that of the perennial
mountain streams (pI. 1).

The chemical analyses of water from springs and wells having different depths indicate
local variations in the chemical quality of water along Faust Creek north of Vernon and north of
St. Johns Station near Morgan Ranch. Along Faust Creek, 3%-8 miles north of Vernon, the
concentrations of dissolved solids of ground water ranged from 344 to 2,180 ppm. Magnesium
and bicarbonate were the principal constituents in the water containing dissolved solids in the
range from 344 to 503 ppm; whereas sodium, magnesium, and chloride were the principal
constituents in the water containing dissolved solids in the range from 767 to 2,180 ppm. The
Salt Lake Formation underlies parts of this area and may be contributing to the local variation in
the chemical quality of water.

Near Morgan Ranch, the concentrations of dissolved solids ranged from 368 to 1,040
ppm. The principal constituents in the water from sources near Morgan Ranch were calcium and
bicarbonate; sodium, bicarbonate, and chloride; and sodium bicarbonate (pI. 1).

Two thermal springs were sampled in Rush Valley. According to White (1957, p. 1638), a
thermal spring is one which has a temperature significantly above the mean annual air
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temperature of the surrounding region. The range in annual average air temperature in Rush
Valley is 47-50° F, and the springs, (C-5-5)9cba-S1 and (C-7-5)32aba-S1, yield water having
temperatures of 75°, and 68° F, respectively (table 16).

Changes in chemical quality

Significant changes in the chemical quality of ground water have been recorded during
the period 1948-63 at two wells in Rush Valley. The water from public-supply wells
(C-6-4)5bdb-1 and (C-6-4)5bdd-1 at the Deseret Chemical Corps Depot has fluctuated in
concentration of dissolved solids and the relative concentrations of individual constituents. (See
table 16 and fig. 6.) The relative concentrations of chloride increased with increased
concentrations of dissolved solids, whereas the relative concentrations of bicarbonate decreased
and sulfate plus nitrate and magnesium remained approximately the same. The relative
concentrations of sodium plus potassium increased with increased concentrations of dissolved
solids up to 460 ppm, then decreased as the dissolved solids increased from 460 to 497 ppm;
whereas the relative concentrations of calcium decreased with increased concentrations of
dissolved solids up to 460 ppm, then increased as the dissolved solids increased from 460 to 497
ppm.

These two wells are finished in the Ophir Creek alluvial fan and are within a quarter of a
mile of Ophir Creek. The average concentration of dissolved solids in water from the wells is
about 240 ppm greater than that in water from Ophir Creek, but the relative proportion of
dissolved constituents in water from the wells is very similar to that in water from the creek (pI.
1). The records of chemical quality of water for Ophir Creek (1964-65) do not extend over as
long a period as those for the wells, however, there is a possibility that the chemical composition
of water from Ophir Creek varies enough to account directly or indirectly for the fluctuation of
the chemical composition of water from the wells. During the period February-June-in contrast
to the period August-November-the lower concentration of dissolved solids in water from the
two wells (fig. 6) apparently results from greater recharge from Ophir Creek and reduced
withdrawal of water from the wells. During the period August-November, recharge from Ophir
Creek decreases and watet levels in the wells generally decline due to increased pumping. This
results in larger contributions of water stored deeper in the unconsolidated rocks. The deeper
water apparently contains more dissolved solids than the water that is contributed directly from
Ophir Creek.

Chemical quality in relation to use

Irrigation

Most of the water used for irrigation in Rush Valley is generally of suitable chemical
quality for agricultural use. Water used for irrigation is mostly a combination of surface and
ground waters; but in some areas, water is obtained only from wells. The principal irrigated crops
are forage-alfalfa and small grains-and most of the cultivated land is in the northern and
southwestern parts of the valley.
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The suitability of water for irrigation depends upon the concentration of dissolved solids,
the concentrations and relative proportions of some of the ions, and the characteristics of the soil
where the water is to be used. The suitability of water for irrigation in this report is judged
according to the classification developed by the U. S. Salinity Laboratory Staff (1954, p. 79-81)
(fig. 7).

Most of the water in Rush Valley is classed as C2 S, or C3 S, . Water in class C3 S, can be
used for plants with moderate salt tolerance without special practices for salinity control,
whereas water in class C3 S, should be used only on soils that have good drainage characteristics
and for plants that have high salt tolerance.

Residual sodium carbonate was present in water from only two wells in Rush Valley. Well
(C-7-4) 14aac-1 yields water containing 2.51 epm (equivalents per million) of residual sodium
carbonate and well (C-8-4)22aad-1 yields water containing 0.60 epm of residual sodium
carbonate. According to the U. S. Salinity Laboratory Staff (1954, p. 81), water containing less
than 1.25 epm probably is safe for irrigation. The concentration of boron exceeded the limits for
sensitive crops (0.33 ppm) in water from spring (C-5-5)9cba-S2 and well (C-7-4) 14aac-1.

Domestic supply

Much of the water in Rush Valley contained one or more constituents in concentrations
that exceed the maximum limits for drinking-water standards recommended by the U. S. Public
Health Service (1962). The recommended limits are:

Constituent

Su Ifate (S04)
Chloride (CI)
Fluoride (F)
Nitrate (N03 )

Iron plus manganese (Fe+Mn)
Dissolved solids

Parts per
million

250
250

1.31
45

.30
500

1 Maximum recommended for water used in public supplies at average annual maximum daily air temperature
prevailing in Rush Valley.

The concentration of iron plus manganese exceeded the limits in many of the supplies.
All nitrate concentrations were within the recommended limits, however, and fluoride
concentration exceeded the limits in only two supplies.

Most of the water in Rush Valley contained more than 181 ppm of hardness as calcium
carbonate (CaC03 ) and is classed as very hard by the U. S. Geological Survey.
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LAND USE AND DEVE LOPMENT OF WATER SUPPLI ES

The Rush Valley drainage basin includes about 470,000 acres of land, but the valley and
alluvial slopes that border the mountain ranges cover only about 250,000 acres. Less than half of
the alluvial slopes are sufficiently gentle to permit agriculture if adequate water and suitable soil
were present. The area in Rush Valley that can be developed for agriculture is further restricted
because of poor soil, insufficient water, or water at excessive depths.

Past and present

About 90 percent of the Stansbury, Onaqui, Sheeprock, and West Tintic Mountains is
owned by the Federal and State Governments, but about 70 percent of the Oquirrh Mountain
area is privately owned. In the valley, about 80 percent of the area east of State Highway 36 is
Federal and State land. About 80 percent of the land in the western part of the valley is private.
Much of the public land and part of the private land in the drainage basin is used for stock
grazing.

Use of water by settlers in the valley began some time after 1855. The town of Bauer was
established in 1855 at the north side of the Stockton bar (in adjacent Tooele Valley), and in that
year the native hay meadows in the Rush Lake bottom land were included in a military
reservation (Gilluly, 1932, p. 117-118) that subsequently (1858) had its headquarters at Camp
Floyd in adjacent Cedar Valley. Early use of water continued with the need for water for mining
in the Oquirrh Mountains and with the arrival of farmers and stockmen. The larger perennial
streams-Soldier, Ophir, Clover, and Vernon Creeks-and other smaller streams were the sources
of water for early irrigated farming and are still (1968) the main supply. According to Richards,
Davis, and Griffin (no date, p. 85-86), surface water in Rush Valley was used in 1963 by the
following organizations:

Company

Clover Creek:
Upper Clover Creek Irrigation Co.
Lower Clover Creek Irrigation Co.
St. John Irrigation Co.

Ophir Creek:
Ophir Creek Water Co.

Harker and Oak Brush Creeks (Vernon area):
Harker Creek Irrigation Co.

Vernon Creek:
Vernon Irrigation Co.

Total
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Acres
irrigated

200
200
300

600

550

700
2,550



Dug wells presumably were installed early in the history of the valley. By the first decade
of the 1900's, a 1,004-foot well had been jetted near Clover, and by the second decade, a number
of wells had been drilled in both the St. John and Vernon areas. Large-diameter wells for
irrigation supplies were not drilled until after World War II.

Carpenter (1913, p. 77) noted that in 1911,600 acres were under cultivation at Clover
and St. John and 800 acres near Vernon. J. H. Maughan (written commun., May 1944) estimated
that the valley contained about 2,000 acres of irrigated hay and small grains in 1944. The Soil
Conservation Service reported that in 1966 (M. W. Lewis, oral commun., 1966) northern Rush
Valley from Soldier Creek to Clover Creek contained 3,600 acres of irrigated land, 1,400 acres of
which were subirrigated. Irrigated lands near Vernon in 1966 (Soil Conserv. Service, written
commun., February 1967) were reported to amount to 2,200 acres, of which 920 acres were
sprinkler irrigated. Alfalfa was grown on 85 percent of the land and small grains were grown on
15 percent of the land. An additional 1,500 acres reportedly were dry cropped.

Future

Although all dependable supplies of surface water appear to be utilized, Rush Valley can
support some additional development of ground water. The best potential for future
ground-water development from the unconsolidated rocks is in the western half of the valley
where the water levels are relatively shallow and the water-bearing deposits are relatively coarse
grained and yield large quantities of water to wells. The consolidated rock aquifer in the Vernon
area also should be able to support additional development, but considerable well interference
could occur in closely spaced wells. Other possible areas for ground-water development are the
edges of the Ophir Canyon fan, the area north of the fan along the edge of the valley floor, the
western side of the Rush Lake bottom land, and the middle slopes of the alluvial apron along the
bases of the Stansbury and Onaqui Mountains.

An accurate estimate of the quantity of ground water available for potential development
in Rush Valley cannot be made, owing both to the need for additional hydrologic data and the
complicated subsurface geologic conditions. Exploratory drilling would be necessary before such
an estimate could be made. It can be stated with certainty, however, that ground-water levels
ultimately will decline in areas where pumping is increased substantially. Such a decline would be
desirable in major areas of evapotranspiration because the declines would result in a savings of
water now lost by nonbeneficial consumptive use.

PROPOSALS FOR ADDITIONAL STUDIES

Rush Valley has a potential for additional development of its ground-water resources.
Because interest in the valley is increasing, a detailed water-resources investigation is needed
immediately to refine the estimates given in this report. Such a study should include the
following considerations:

1. A comprehensive inventory of the water resources--wells, springs, and streams-in the
drainage basin should be made to complete the coverage given by this reconnaissance. Detailed
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data are needed on the hydraulic characteristics of existing wells and the aquifers they tap, the
discharge characteristics of springs, the use of water in the valley, and the availability of
surface-water supply at various times of the year and at various points along the streams.

2. A systematic study should be made of the unconsolidated rocks and of the
consolidated rocks near the valley edge and beneath the valley to aid in evaluating the aquifer
framework.

3. The drilling of test holes is needed to aid geologic and hydrologic analysis. At least
one test hole should be drilled to a depth of 500-700 feet in the Rush Lake bottom land at the
foot of the Stockton bar in the SE%SW% sec. 23, T. 4 S., R. 5 W. One test hole is needed west of
Topliff Hill to confirm old data for well (C-8-3)6aad-1. Test holes are also needed in the central
part of the valley, as in sec. 35, T. 6 S., R. 5 W., in the vicinity of the ground-water divide, and in
areas where water has been reported to be scarce or of poor chemical quality.

4. Streamflow records should be accumulated by expanding the crest-stage gage
program in the valley and concurrently installing temporary gaging stations. Such gaging stations
would have to be operated several years in order to provide adequate records. The flow of the
perennial surface streams should be measured, particularly those streams heading in the Oquirrh
Mountains; the flow from large springs should also be measured.

5. Additional chemical analyses should be made in order to determine the effects of
increased withdrawals of water and reuse of irrigation water on the quality of existing water
supplies.
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Table 11.-Discharge of streams at miscellaneous sites in the Rush Valley drainage basin
SUo location: SOl" text [11r descriptinn of location-nlUnhering system.
Stream and site descri.ption; Nilmher i.s U.S. Geological Survey station number.
Dr.:linage area: a, apf",,,,'mate

Discharge: Dash unmeasured flow in ephemeral stream un date visited; e, estimated.

Site location

(C-4-6) 25hab

(C-4-7)36daa

(C-S-4)22bbc

Stream and site deHcription

10-1727.8 Hickman Creek, near
St. John. Crest-stage 0.1
mi Ie from cross Lng
and miles north of St. John

Bear Fork of East Hickman Canyon

10-1727.7 Dry Canyon near
Stockton. Crest-stage at
end of trail from Ophir
road

Drainage
area

(square
miles)

12 .8

1.42

Dale

10-17-60
9-17-61
2-11-62
]-27-62
6-17-63
9-1]-63

1964
3-13-65
5-10-66
8-29-66

9-21-64

1961-65

Discharge

(ds)

9.9,·
18('

7e

3"

. 02e

Remarks

Discharge not determined.
Do.
Dr) •

Do.

No evidence of flow during year.

Discharge not determined.

Chemical dnidysis in t.:lllie 17 .

No evidence of flow except once in 1962
when discharge was not determined.

28cdb

(C-S-6)6bbd

6bhd

Ophir Creek at mouth of Ophi r

Stream in Morgan Canyon

East flowing tributary of
Morgan Canyon stream

9-25-64 4e
5-29-65 6e
9-15-65 15e

9-21-64 . 02('

<::1-21-64 .02,'

Chemical o'lnalysis in tnble 17.
Do.

Chemical i.lOalvsis in table 17 .

Do.

32add 10-1727.6 Clover Creek near
Clover. Crest-stage 4.3
miles W€5t Llf Clove r
Clover Springs

4.45 List of measurements and estimates
(,.

27h Vernon Creek

(C-6-3)32bda

(C-8-S)'20cdb

J2bah

(C-S-6) 17dcc

(C-9-5) Shda

27cdd

28ada

29ddc

32a

Vernon Creek. )-inch Parshall
f1ump,north of Vernon

Vernun Creek. ()-inch Parshall
flume, 100 feet south Dr
Vernon

lO-1727.2 Ea5t Covernment Creek
tributary near Vernon

Vernon Creek di teh. 9-inch
Parshall flume at end of concrete
ditch

Vernon Creek ditch. 6-inch
Parshall f]Uffi<'

Bennion Creek ditch. 6-inch
Parshall Dum,' at hend of
storage pllnd

Bennion Creek. 9-inch Parshall
flt.une 100 feet ahove Forest
Service divers lUI]

Bennion Creek

.26

.98a

9-17-61
2- -62
9-19-63

1964
9- 6-65 17e

1966

7-24 to .97
7 -25-65

.8S

}-20 '0 1.10
J -25-65 . 76
r)-IS-66 .28
'J-20-66 .IL
')-2Lf -66 . 23
b- 2-66 .02
6-16-66 .'l
6-]0-66 .78
7-14-66 .47
8-15-66 .65
9-12-66 .58
9-30-66 .43

2- 9-62

7 -20 tu 1.32
7 -23-61

. 97
7 -26 to 1. 3 7
7-27-65 1.05
8- 3 to 1.63
8- 4-65 1.25

9- 5-14 2.2

7-26 to 1.79

7-27-65 1. 53
8- 3 to 1. 88
8- 4-65 1.64

7-16 to .51

7-17-65 . 29
7-19 to . 34
7-20-65 . 26

7-l5 to .84

7-10-65 .47

~. 5·14 .5

Discharge not determined.
Do.
Dr) •

No <,vidence of flow during yei,r.

No evidenCl' of flow dur ing year.

Measurements reported Soil COl1spr\/ation
Service Highest flow
LtlwE'st flow. Fl,lw (jf creek
flllctuations find probahle effects 11[

diver5jol1 or regulation.

flow during 5-day period.
flow during period •

Measurements reported Soi 1 Consl'rvation
Service. Flow is subject to diversion;
diurnal l' Ifect .

NI' evidence of any other flnw in 1961-65.

Measurements reported hy Suil Conservation
Service. Hi ghest flow during 3-day period.
Lowest flow during 3-day period •
Highest now during I-day period
Lowe.';t flow during I-day period.
Highest rlow during I-day period.
Lowest flow during I-day period.

MeaSllrem<'nts reported hy S"il Conservation

Service. Highest [low during I-day period.
Lowest fluw during I-day period.
Highest flow dllring I-day period.
Lowest flow during i-day peri.od.

Measurements reported hy Soil Conservation
ServicE'. Highef>t flow during I-day period.
Lowest flo", during I-day period •

Highest flow during I-day period .
LDwest flow during I-day period •

Measurements repurted by Soil Conservation
Service, Highest flow during l-da '
Lo~est flow during )'Q ' Y ~eflOQ,

ay penod.



Table 11.-Continued

Sit (' lllCill ion

(C-') 6)35d

":l6hdc

(C-l0-,) 2cca

6ddc

8dbb

lidee

(C-l0-6) 12Jad

Streall1 and :-;itc descrLption

Harker Creek

Harker Creek. 3-inch Parshall
I:J(lII1(' , dt dlversiun i.n motHh

canyon
Harker Crcl,lc 90 0 V-n()tch

we i r ,just below divers ic1\1

10-I'l2? Vernon Creek near
Venlon

Dutch Creek. 90 0 V-notch weir

hell)w confllllc'nce of flak."

f\ennil.ln Creek. Y-int:h Parshall
flunw at bridge on road tlJ

1,ittLc V<.ll1cy

Little Valley Creek

Tributary to Dutch Creek.
J-inch Parshall [Illme; at
end 0 f road

Drainage
area

(square
miles)

0.2')a

Date
Discharge

(efs)

0- 5-14 O. ')

7-13 to .39

7-16-65 . 16
11-10-6') .30

See
remarks

5-l2-66 .40
')-16-66 .28
5-18-66 .jO
')-20-66 .24
5-24-66 .23
5-26-()6 .2l
6- Z-66 .21
6-1{)-66 .11
6-16-66 .05
6-22-ho .01
6-30-66 .02
7- 7-66 0

5-12-66 2.61
')-16-66 2.02
'j- L8-66 1.94
')-20-66 1. 78
5-24-66 1. ') S
.')-26-66 1.40
6- 2-66 1.06
6-10-66 1.00
6-16-66 . Bl
&-22-66 .67
6-30-66 .56
7- 7-66 .56
7-14-66 .37
7-21-66 .35
8-15-66 .28
9-12-66 .37
9-30-60 .Sl

3-29-65 1. 5e

5-16-66 .26
5-18-66 .23
5-20-66 .20
5-24-66 .18
5-26-66 .18
6- Z-6b .J3
6-10-66 .12
6-16-66 .09
6-23-66 .08
6-30-66 .05
7- 7 -66 .04
7-21-66 .03
B-] 5-66 .02

Remarks

Measurements reported by Soi 1 Conservation
Service. Hi~l'e~t flow during 3-day period .
Lllwest flow during 3-day periud.

Only 5-10 reaches first [arm on Harker
Creek at of distribution system.

Gaging station. Summary recllrd of
and annual til table 5.
analysis in table

All mCiJ,'iLlrements reported hy Soil Conservation

Service.

All measurements reported by S<lil Conservation
Service.

Chemical analysis 1.n tabl .. l7.

All measuremenls repurted by Soil Conservation
Serv Lee.
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Table 12.-Records of selected wells in Rush Valley

r:.5.

flows in wintl'_r. Perf.
Temp. ell. C.

f(~l~ t; r, I"a tc r

L, 1 illll'S!:UIW;

of Rllsh Lake flat.
6 inch to UA ft, perf. 1 C>(J­

4 inch 164-214 ft, perf.
ft. L.

giv('[J in

R('mark~ and other datn availahle

Perf. 120-173 ft. L.
Casing removed and well ahandonc'u.

L.

In Tooele Valley north of Stockton
bar. Perf. 340-365, 400-!~50, 460-
480 ft. 513. L.

1,S Perf. 42-96 [l·mp. 5!+. C, I..

('

II,S, I

[ractllT:"<'d shall';

1')1)

212

718M

100 35

970M

Well pcr[orman<.:(;

5; L, driller's loV, of well in tahle 13; P''rf., casing
\,1, \"ater-level m,'asurements in l:ah10 14.

hut. nwthocl not kOOl·m,
dellS" li!n('-C"llwntcd ?'(lll('); IF,

")-17-67
10-15-6J

-6.9 8- 4-61 T
(7")

T
(60)

~60 12- -61

-1
-200

-260 3-14-53

T, l-llrbinc pUUlp. Number in pa,centho'"
hy (l.S. Ceological Surv1'y; F,

4,960
150 13 C,B 5,290
216 14 JF

35 4,970

UO 1+ C,HP
25 )0 P,S,C

1~2 54 C,P '1,980

320 65 S,C.P 4,970
440 11

L2

12

6
12

43

173
55

535

254 6, l~

in feet and tenths; altit:llucs int:erpulatcd from (o,'og,"phlo maps giV('ll ill
Sllrvey given in fcet and tenths; [(ovo!'; r,'.por:t,'.J hy uwner, ],'r, or othl;r data SOl1rC('

A-28985 1959
A-28986
A-D811 1961
A-28985 1959
A-28986
A-28985 1959
A-28986

C-I0978 1953

A-35206 1963

Owner or llame

Combined Metals
R(,duction Co.

34bbd-l
16uaa-l S. 1\. hengerter

]2ddc-l Hogan Bros.

33aaa-l Marte.ll Russell
33bdc-1 Hogan Bros.

1:Jcca-l do

Well No.

See text for description o[ well-numbering
Il, hor'cd or allgen~d; C, cabLe

zone; Character of matet'Lal
P, ctay; S, sand; Z, cohbl('s,

ahove' Illl~an Sl'8 level; Surveyed a]tiLlIdt'S
Water level: Levels measured hy the LJ. S.

love_! unknown at time of report, bot well was
Method of lift: B, bucket; N, none; P, piston pump or cylinder);
W(~ll performance: Yield - Reported hy oWl1cr, operator, or dritl('r; B,
l;eological Survey.

Use of water: H, domestic; I, irrigation; N, industrial; S,
Remarks and other data availahle: C, chemical anal.ysis in table
perforated with Mills knife or with cutting torch; Temp., temperatllre

(C 4-6)
'3 'ilxld -1 Joe. Sand ina A-18J15 L947 147 5,560 Well reporu~dly Ilncompleted hecause

boulder bed cOllld not be penetrated.
Open-end casing. L.

(C-5-4)
28cdb-l Snyder Mines Inc. A-12696 1937
28cdb-2 do A-12696 1937

90
86

12
12

67 19 G,JF 5,660
71 9 (:,JF 5,650

-62
-62

5-17-37
')-18-37

178
146

15
35

Perf. 67-88 ft. L.
Perf. 68-85 fL.

IOadd-1 I. P. Quinn

J.b<.:c-J
2hcc-2
4haa-l

A. N. YOllng
A. L. Young
.roe Sandino

A-21R90
C-19882
A-35682
A-32974

t951
1902
J963
1963

296
34
75

300

'jJ()

16
60

6
H

4\
164
282

30 S,c,P
23 (;

8 C

'),260
5,010
5,010
4,975

4,990

-'-)2

-28.2
-3J

F

1951
8-22-63

12- 2-63
')- -6]

25
6501'

"

Well pcnetrat{~d bedrtwk and report-
l'uly salty waler. L.

Perf. ft.
Cased to 70 ft. Perf. 15-70 ft.

C.

Perf. 30-": ft.
C<.
Cased to ')3 [t. P(~rr. lJ-4J ft. )1.
P"rL. II ',- 51:J tt, L.

Cased to 90 rt, open end. L, W.

Perf. 54- '! ft. L.

Cd.",pd to JOtl It, OJWIl L'lld. L, W.

Cased to HI ft. Pl'rf. 20-tH ft. L.

Perf. 48-65 ft. 1,.

Perf. 21-55 [t.

Dug well in 1941 from 2'i
to 60 ft.

Water reported hard and a Littlt;
salty. Well had weak
flow. W.

W.
Atl mau.'_rial p('n(~tratl'd fine grailll'd

--mostly clay. \\rell f]OI"s in some
Watt'r salty.

Cased to 1]5 fl. 5 U. L.
Pl'rf. 0-112 ft.

Pvrl'. Q')-110 ft. I..
Per1. 1O-'l7 1't.
Cased to :.1211 ft, npl'n end; 1';- inch

casing to 80 ft. Water levels
measured both <.:as ings. Water
level J 5-inch casinl'; was
-12.6 on 5-17-'J]. L, \-,'.

Cased to 12() U. C.
Perf. 10-lilO ft.
Perf. L.10

77

8
)1)

10

lOll II)
2() (10

1.0
[.0

313M

JO-IO- 55
[1- 6-'i/,
4- 6-)4
7-25-60

1~ - 'iJ

8-13-56
7-21-62

12- -(i4
11- -'il

1- -')J

10-26-61
3- -_'5!.t

1916

_2') 12-W-62
-18 4-;J()-()1

-1. 9 3-21-50

IIJ-2'I-rl
1-2)-42 (I,.)
7-n-'i1
'i-JA-I,)

-]/1 .6 ')-17-3/

-n.D 'l-lh-(,j P
('i)

-50 10-2)- '18
-25 lO-28-61
-20.7 12-21-51

-18

-12.7
-11.4
-2/1

-24.0 lO-2J-]'i ,
C'.,)

),2'J(J

471
29
37
68
90

'0

32
18

3K
1')
97

,0
2J JO

100
1O

.lJ'i 111
JJ9 4

1114

20
] :~ 5
V6
123
375
1+92

(lO

84

R
10

6
6

10

12,
l'i

l/O

36 3(Jx60
750 2

rj'2

20

60
](,

6
6

60 fJO,6

IOC1

lHO
IOO

\3

86
40

3,112

150

110

1,004

1953

1935

1954
]951
19'}.1

A-27167 L955

A- 32860 1961
A-25469 1954

1916

C-R2K7 19'14

1904

1%4

A-14R99
A-2J557

A-28313 1916
A-34J28 1962

A-24096

C-K286 FJ34
A-31819 J960

A-J016419'j8
A-JlOJH 1%1
C-18781 I'nO

C-1K776 1%2
A-12'JC12 1<)(,1

\1l4, I 'J'll
1\-1'),,-12 1'Illl

1'1.\'1

Warrell Pl'nny
~larte L1 Rllsse J 1

do

JJad h- I Sl.ookey Hrtls.

Jlccn-I \-or. I,:.
JIdaJ- J j, N.
lldhd-I R. II. Urr

\2add-1 do

IOhilc-'i R. IJ.
1(ll>ca-1
Jilhcl,-I
lI)c,li,-1

I'ihbd-l

17aad-l Martell Russell

I 'JaaJ-1
I'iad(l- J

1 'iadd-2

](khlJ-I h1il1ard Sager

19ccd-l J. W. Neilsen
19cdh-l 11. C. Bracken
2ltlciJ-J Union Pacific

Rail road Co.
lilacc-I Rei.d Caldwell
J()bab-l R" c. Sal'.cr
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Table 12.-Continued

\.In t0r - Ileal" ing zone Water level Well pcrformancl'

~§
, w

o "
]~

o

f

Remarks and other data availabll;'

1(-',-(,')

Ibdhc-l I. W. I{usse]] A-nOb':i lye)l no -18 Y-2b-'il t'as(·d La 204 fl. Perf. 18-28, 182­
204 [to L.

1(.-6-3)
')bac-l LewlstOl1 Pt'a! 1'1lne C-IU:\l':i

Co,

65 4HxI.: In ()'luirrh Mountains.

1(.-fj-4)

lhdb-l lJ.~. Army \~('1l. l.

'Jbdd-l \1,:;. Annv \~eJl 2

3lach- L I,. A. Stookey
]r)huc-l \1. C;, 11Url'81l or

[.and Management

A-l'l12H 1'J42

A-3 ')]41) 1%1
A- 26409 19'i4

40')

'ill
16'i

2911 114 'i,YHL4 -284.6 122\-'ll r
rhO)

.11::' lib S,C,C ':J, V:l9. 6 -287 'J-2H-42 I
(60)

2') 20 S,C -27.6 \- \-h7
210 1-)5 P,S -148,2 l-l-U

340 Perf. 290-404 ft. On 7-3-42, reported
hardnesS was 268 ppm and dissolved
solids WaS 36') ppm, C, L, W.

PerL 312-412 ft. On 9-1-42, reported
hardness was 341 ppm and dissolved
solids was 4':lH ppm. C, L.

P"rL 2'i-4,) ft. 1.
"r;Umore well." Perf. 210-365 ft. L.

C-10602

c-lOf,(ll

1916

(-6-'))
',1)ac-l

20acc-l

22Jdd-l
26cl)

14a8a-l

34cah-l

I. C. Ze\1tner
j'. S. 1\\lre8U o[

Land Natlagem"nt"

ll. S. Army
do

L. A. Stook"y

do

A-22393

A-1SZ0Z 1963

!l,e

15
17

"
50

4"

60

j')'j

20

20

15

s,c

'J,059. Q

5,110

5,040
'i ,040

5,045

5,070

-flO

-14.7
-15,1
-20

-17,6

19]fi

'i-11-Lf l
11-25-41

1-23-')1

5-17-67

2SH 10

Drilled [or stock water. Reportedly
yielded salty water and WaS abandollt!d.
L.

Fonnerly used for stock.
Do.

Old dug well deepened in 1951. Perf.
19-30 ft. L.

Well gravel packed from 20 to 50 ft.
Perf. 19-30 ft. L.

(C-6-6)

l.aba-] 1.. E. Orr
14hhh-l O. A. Johnson

A-'l648'i 1%5
A-312HO 195(j

-,0

128
18 I HP
86 25 r;

121 7 (;

225 -12
-86

3- 26- 6~1

9- 5_S f)

7R 0
10 14. ')

Cased to 41 ft. Perf. 17-40 ft.
Pert, 100-128 ft. L.

-1 L. w'. Fitzgerald A-189()3 1947 140 ]0 s,P 5,090
275 2) s, P

-129.1 12-11-58
-131. 1 '3- 2-67 (5)

15 Perf. 140-300 ft. Reported to yield
slightly salty water. H, 1"

(C-I-4)
14aac-l U.S. Bureau of

Land Management
A-19S05 193'i 875 8,6 735 15

860 I')
5,060 -92.1 12-11-58 P

-92.2 3-17-67 ('))
40 Well deepened in 1958, Casing: 8 inch

to 236 ft, 6 inch to 865 ft. C, L, W.

(C-7-5)
Scbb-l
lac
10ccc-l
27dbb-l

28bbc-l

29dcd-l
32hdd-l

Russell Bros.
L. A. Stookey

do
San Ped 1"0, Los

Ange 1es, and Sal t

Lake Rail road Co,
D. .J. Atherly

Roy Davis
McFarland and

Hull inger

A-36425

A-132S9
A-<1989

A-34227

A-23019

1%4

1%6
\967

1962

1917
1952

159
·8

50
611

1 ')0

260
360

6
III

2
12,

8

YO
8

4
')85

31

24
275

p

c
c;

S, G,C

II
15 S,C,C

5,275
5,175
5,17S
5,250

5,220

-90
-8

-80

-20

+23.6
-12
-12.1

17.-19-64

2-10-07

11 ~ 28-37
6-12-52

12-15-65

N
T

(15)

3R

100

<lFM
226M

60

10

Perf. 90-140 ft. 1.

L.
Water reported wann and to contain some

arsenic. Cased to 605 ft. Perf. 235-245,
386-390, 473-487, 585-594 ft. L.

Cased to 145 ft. Perf. 20-40, 125-145 ft.

C, L.
Open-end casing. C, W.
Casing: 12 inch to 48 ft, perf. 20-40 ft;

8 inch to 360 ft, perf. 275-290 ft.
Temp. 49. C, H, L.

(C-8-3)
6aad-l San, Pedro, Los C-4274 1907

An~eles, and Salt
Lake Railroad Co.

6cdc-l t';. H. Fitzgerald A-Z4258 1952

654

290

15,
10

466 ]2 L,N 5,111)

270 10 5,128

-595 20

10 50

Measured depth of well was 340 ft on 3-2-67.
Casing: 15 inch to 126 ft.; 10 inch 126-225
ft. Open hole in consolidated rock to 654
ft. Formerly supplied average of 10,400
gpd to railroad. L.

Well reportedly can be pumped dry in 20
minutes, Fonnation not tested by perfor­
ated casing. L.

(C-8-4)
5caa-l L. \.I'. l'itzgera1d 1934 D,C

22aad-l V. A. Mahoney A-1SS55 1945
)Odcd-l Clay Cummings A~16444 1945

160

298
322

16 5,2bO

265 5 C 5,)00
270 52 P,G 5,510

-92.8 3-2-67

-252.9 3- 2-67
-260 4- -45 3M

Old dug well appears to have been deepened,
Well reportedly can be pumped dry in about
5 hours.

Perf. 260-298 ft. C, L.
Cased to )02 ft. Perf. 260-302 ft-. Sandy

loam to 7 ft, clay and gravel 7··322 ft.
Temp, 54, C.

Mcfarland and
HUllinger

VIJb-1 do

6d,\b-2 do

6d,lc-l do

Jddd-l H. 1, v!allers

A- 36904 1966

A-23018 1962

1967

A-23IH8 1959

A-2'190.1 \95H

730

534

583

)12

16

16

20

12

132 5,350 -12 2- 9-66 700

367 '35 5,301.1 +2.7 10-17-62 T 4,100M 13
430 95 (40)

'i,300 8,600 61

20 G 5,300 -14 5- -59 280 86
2B'i LO C

:J') 2') C,C 5,]80 -8 7-15-58 25
94 21 G

125 25 C
16K 22 C
200 15 C

Cased to 703 ft. Casing perforated oppo­
site nearly all water-bearing zones.
Perf. 132-142, 152-162, 197-207, 257-267,
290-300, 355-365, 530-540, 605-700 ft.
Bottom of well may be finished in shattered
consolidated rock. L.

H,I,S Cased to 532 ft. Perf. 387-530 ft. Flowed
1,450 gpm on completion, Temp. 61. C, L.

Incomplete report on recently drilled well.
Part of yield is from brecciatf~d quartzite.

Replaced by well (C-8-5)6ddb-1. Cased to
340 ft. Perf. 20-340 ft, Temp. ')5. C, L.

Cased to 300 ft. Perf. 110-235 ft. L.

'!c Leo
lrihd Dlamond Co,

No.4 SLatl'

IlJaaa-1 C. A. Ricks

1934

A-J2922 1961

1)0
3, 'i71

156

2,4')0
2,850
3,470 12

\2 30 15
80 15

130 11

s
S,C 5,/+50
S,C;

S,C

-85

-5 9- 7-61 135 90

Abandoned oil test. Casing was 5 inch to
3,550 ft.

l,S Cased to 150 ft. Perf. 30-45, 80-9JJ, 130-
136 ft. 1.

20cdc-l Jay l'itzwater

20cdd-l \~i 11 iam Snyder 5,510

116 2 HP 5,510
215 17 S

Perf. 116-118, 215-217, 220-223, 240-242
ft. L.

Water level while pumping 120 gpm was -47.5
[to H.

Cased to 200 ft. Perf. 30-198 ft. L.

40 60

60 115

150M

11- 1-65 T
( 10)

-14,4 12-15-65 T
(5)

-14 5-19-66

-13P,G 5,4204012

65

220

250

1951

A-34856 1963

A-3390) 1966

dn19nca-l
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Table 12.-Continued
lveL 1 pct'formHtlCl'

',,'j II jam

I J'i"frt,

I I""",,,,,
<, I. ",

I II, I ;lllt! ,\1. ().

l'n4 1\
l(J()

l'il1
]1(+

d

12'i
110

'i,'ilO

C,20

-7.6

-40
-20
-R.7

4- 'i-r.,7

IO_27_ r ,1
h-18-fi4

12- 7-'i6

201':

Remarks and other data avaLlabll'

H,
e,
Perf. ]()')-] 2') ft:. L.
Cased to 112 ft. Perf. f)()-1l2 ft. L.
W,

lldhc-J \!t'rlwn '.\',ltcr h:orks A-/9H6H 19'jH

Ild'ld-L, I,dllfl']\('(' Sharp A-19'Hlh l')'il

5-18-58 r
(5)

ilnllSl'1l

(1. J't·!lrsull
I'I'lJrsoll

,-
::: ~ ] 'J (:J~;/)
(-I'Ji'M')

','

1'114
]'Jl /,

i'lll

['Jill

1'1,1

271
11(1
hi!

126

'"
1')4

211
107

.'-i,(

'j(,l)

s,c
S
(; 'l,5,'1'j

~4 . .l
-LiL8
+:.").2

+7.6
-18.0

+14

-]0

4-1-')'i
11-2'i-:<:
4-.l0-411

12- ;;,

11-10-51

T
(5)

61"

w,
W.
Open-end casing. Temp. 52. L, W.
Temp. 54. C, w.
w,

Open-end casing. L.

Perf. 104-117 ft. C, L.

-]7.6 7-66
+2.3 4- 5-57

(I ~ K- iJ)

IO"aa-1 L:.S. ]\ufcall 01
Lmd

1,'1ha<l-1 [.<lv[oI1

):.!ddd~ [ I. I:. Dison
2lcd
::r)<lch-I

A-1H~n 19(1)
C-UH'JO [917

C-14203 1912

4'20

70U
]()O

400

120 lOll .'O,P 'l,50() -170 8- 30-59 .lOll

, 10

,101"

Perf. 340-415 ft. Temp. 54. C, L.

Uncased test hole. L.

W.
W.

). I':. Olson

2 (,<1<.1C do

;>hdad- j .'Oidlwy 1'"hfS0I1

I'Jhaa- I
li!Jca-2 II. I':. Pehrsoll

C-lt+l ') 1'116

A-iJ2Y2 1%1

A-2'}]]7 1'l'i4
C-19B88 !'n'J
(>W'i()()

221+

,
2

12

222

"1M)

12:3

~),41.0 +17.0
+31.6

-6

-17

10-2."3-35
8-21-6]

]()- 9-fd

1- 2-fiO

,IF
<IF
BOB

H,S,I Open-end casing. Temp. 52. C, H.

Well plugged and abandoned because
of insufficient water. L.

L.

\')dah-I
3()(lda-1
jhddc~ I

(C-9- t,)

2aa
32hbJ-l

37bbd-2

]{olwrl ])llrrant
W. O. Pendleton

11i.11 JonJan
Union Pac if ic

Ra i 1road Co.
do

C-7903

A-22844

1918

1951

1913

1914\ Z

200
he

186

404
571

90

10
12 90

177

21
26
50
77

5,550
5,570

5,450
6,116

4 \ G 6,116.5
8 G

'i S,', P

-7
-17.7

-270

]]- 2-65
12-15-65 T

(10)
P
N

-lOF
200
500
225M
<10

80F

70

H,S
U

Perf. 80-100, 162-182 ft. L, W.

Old Scanton Mine well. Temp. 54. C.
Uncased well; reportedly dry. 1.

Drilled in spring area. Perf. 21-34,
65-72, 79-82 ft. Temp. 51. Quality
reported as good. L.

[,atter-day Saints A-29836
Church, Tooe Ie
Stake \~elfare

Farm
6aah-J do C-10609 1959

()IJC..:J-? Harker Creek C-8285 1935
Irrigation Co.

20ddd-l lJ. S. Department of A-12462 1937
Agriculture

2l)c.aa-l A. S, Creen A-21636 1950

600 16,
12

170 12

90 16

365 6,4

ll4

176 5 5,580
195 11
241 15

75 11 G ~J, S71l
118 2 C
134 5 (;

70 20 S,G 5,59(1

342 23 5,975

107 C,S 5,950

-J 11- 4-65

-46 6- i f -59 T
(25)

-lfl.2 9-18-36 T
(20)

-2'15 7-21-37

575t: 64

430 31

200

15H

10

Well deepened in 1959 from 110 to
600 ft. Cased to 493 ft, open end.
Water-bearing strata reportedly was
cased 0[£. L.

Perf. 75-] 70 it. L.

Cased to 80 ft. H, 1.

H,S Casing: 6 inch to 340 ft. 4 inch to
358 ft. Perf. 347-358 ft. L.

Open-end casing. L.

L

IJah-l
lOabd-l

R. I':. Pehrson
p(~ tcr Hansen
1J. S. Department of

Ar,riclliture

A-13293
C-12655
A-2380Z

1940
1922
1952

75
338
135

16
3
6 115 20 (;,R

),605
1,600
5,732

-13
-2.6

-95

7-25-40
10-20-61

5-29-52

ll5 32 Perf, 15-75 ft.

Perf. 100-135 ft. L.

(C- JO-4)
14a('c-'2 W. 1., Hoyt A-2lB87 1964 155 50 23 S,P 6,280

50

-58 6- 8-64 <1 Cased to 102 ft. Perf. 55-85 ft. L.



Table 13.-Drillers' logs of selected wells in Rush Valley

Altitudes are in feet above sen level for land surface at well,
Tlli<.~kn('ss III feet.
Depth in lccl below land surface.

1
10

64
71,

81,
10/..
105
107

19
46
6l

310
J 19
334
33')
3"\Y
j42

64
10
10
20

1
2

20 !O
48 (JH

2 70
20 YO

I Y\
SO 14\

ISO

4
11 15

'J 18
7 25

13 38
48 86

14 29
\4
\7
42
46
48
'J3

2 2
1K ;..'0

.\ 20
11 .5 32

2 34
5 34, 43
2 45

3~ 84
8 Y2
2 94

19 ]13

1 114
11 l2S

1 127
46 173

5 178
76 254
15 269

7 276
4 280

12 292
31 323

2 325
7 332

I )33

I 340
15 37')

59 434
6 440

" 492
lL 50,
S\ 558

2 ')60
12 572

19
L7
15

2L.9
'J

I.,
I
4
3

I>eari Ill!,.

J. F.
fl.

\I (

It

hy Sl .Juhn
'J, LIO ft.

ft

hearing

Lug hy l. Hall'

water hl'.1.ring.

water I)f'arill~.

hear ing

; \,]dLC'f bearing

repurted by

Alt.
Clay,
Clay, white, and grilvel
Clay and f!;rave I
Clay, LJ l.lle, and hardpan

",raVE' I, sand.
and clay

(C-5-5)l5ndd-2 - ConLinlled

CldY, rcd
C:r~l\'e 1 "'later hearing
Hud,
Cro.lVe I; "'ilter hear in/-';
Gr,1v('l, llne; \,]dter hearing

11:.lrdpnll
M d

Mater in 1

(C~5-5)3Icca-J. Log by I. Hale
Ai t. 5,150 I-t

Topsoil
,;rave I, coarSl' grained.

Maleri.al Thickness Depth Material Thi.ckness Depth

(C-4-5) 13hhd-l. I. C. (C-4-5)36daa-l Cant Loued
J)[()ubay. Al.t. Clay 1 !17

CLay dnd 25 25 COllf;lDmerate 2 ]19

GrilVl' l, and houlders 50 75 C\lnglumerate with 2 121

Sand, fine 80 Conglomerate wLth 11 132
CLay 65 1 IB
Grave 1 and sand, washed and 2 \3')

!()(ISP 1eVf~ L 100 ft) 20 105 1 13()

Sand, 10 il5 142

Clay dnd grave 1 mixed. 10 125 2 U:4

[1lle, 1 it;hL 25 1.50 3 ILII

CO.1L'i(' grained 10 160 1 1411

GL1V(!l, fine 15 175 1 14'1

GrC\ve I ilnd 1U 205 I j'iU

and 30 2.15 ; water h,~ar i ng. 10 I btl

240 1 lbl

25 2bS with cia,' 2 J(ll

5 270 12 17')

10 280 1 LT(,

285 water hear ing. 14 jlJO

III 29') 4 I LJ4

5 JO() \vater hei.tring. 1lI 204
10 JIO I ::0')

10 J20 waLet" hCdrillf';. I LOll

1 Z08

water 65 385 CllnglOinerate; water hearing. 4 212

Clay and largl' houlders. 15 400 Gravel 1 211

Grave I and rock with mixed. 25 425 ; water bearing. 2 215

Clay and lava 15 440 1 216

Bnulders, ce!TIl'ntl'd; wHLer IW<1r Lng 5 445 Shale, porous, fractured 14 230

Clay and large boulders (quartz Hardpan. 1 231

and 15 460 Grave I 7 238

Lava, 5 465 Boulde rs 7 245

Lava and quartz (boulders) ; water Gravel 9 254
15 480

Lava, and fine. 10 490 (C-4-6)35bdd-l. Log hy L. E.

LHva and clay. 10 500 Hale. Alt. 5,560 ft.
Lava, hard 25 525 Old well 85
Lava and clay seams. 10 535 Sand 15 100

Grave I 35 135

(C-4-5) 32ddc-l. Lug Robinsul) tluLilders could nllt
Dri.lling Co. Alt. ft. 12 147

Clay 34 34
Grave l 4 38 (C-5-4) 28cdb-l. Log hy C. M. Erh

Sand 4 42 Dri llin~ Cn. All, S,660 ft,

Clay anJ gravel. 54 96 Topsoil. 2 2
Clay, yellow and grave 1. 65 67

(C-4~S)33aaa-l. Log by H. C. Gravel; water bearing. 7 74

Russell. Alt. 5,030 ft. Shale, fractured, black. 12 86

S1 It 2 2 Shale, black 4 90

Silt and cobbles 21 23
Hardpan. 12 35 (~)2bcc-2. Log by H. C.

Hardpan, very, very hard 1 36 Russell. All. 5,010 ft.
Clay, 1 i ght. 76 112 Silt , 5
Clay, brown. 18 130 13 18

Gcave 1 and hardpan; "later heari.ng 4 134 HI 28

Clay, 1 ight. 32 166 Clay 14 42

Clay, very soft. 2 IG8 No recurd, ;ll 4S ft. 3l 73
Clay 5 113 Clay 2 -is

(C-4-') 33bdc-i. LcJg Roh LnSllll

[)r i lling Cll. ALI. • ft. (C-S-,))4 baa 1. 11 . C .
Clay, !iruwn. 15 15 RIISSl'll. Alt. it
Clay, h lue 10 25 Silt
Clay and 25 50 Clay, white 11 16
Clay, Hnd ~rave 1 55 dark, mushy. n 88

water bear in'.;. 8 96
(C-4-'i)36daa-t. Log by J. A. Nak dark 14 110

Dri lUng Co. Alt. S,290 It. S 115
Topsoil. ZO 20 b ]21
Cravel 1 21 27 148
Clay 9 30 Lb ln4
Gravel 1 31 wat cr Ilear i ng 23 Lei
Clay 2 n 2'3 2JO
Grave 1 ,od cohhlps , 37 I, 21~

Clay 1 38 2 LI6
Grave I [lod cohhle'; 4 42 J3 2LI 9

47 21 270
aod hOllldcrs 9 56 12 282

!lUll ider::; 4 nO \"ater beilrtng. 8 290
Sha Ie 7 67 In 'lOO
ll"rdpdll I 68

2 70

B'.llllJer,'; I 71

Shale 8 79 170

Clay 2 81 wi til small

Liml'st(Hle. 8 89 360 530

Conglomerate lj 10'
Clay 2 106 (C-5-5) 15add~2. H. C.

CUllf;l()!TIerilte ] 109 Russell. Alt. ft.

2 III Tnpsoil and large rocks. 1 J

3 l14 Grave l; water beari.ng 12 "
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Table 13.-Continued

10 10
275 285

2<)0
298

6 6
10 16

2 L8
67 85

4
10

41l [iO

2 ,
25 17

13 40
13 73

7 80
15 ')')

19 LI4
1(, 130

9 13')

qfj 188
46 234
U LA7

5:1 2HO
99 379

b lWj

10 3')')

78 !.73
14 487
43 530
55 585

S94
602
604
611

3D ]0
I 11, 33

77 110
40 150

24 24
11 35
10 45
J5 60
42 102
19 121
14 135
70 205
45 250
25 275
10 285

5 290
70 360

10 10
10 20

106 126

7" 20q

11 215
10 225
10 235
40 275

38 313

t 362
, 8 390

3 393
43 436

149 585

U 598

56 654

J F.

[30 B
ft.

cemented

hy Eldnn
ft.

tan,

[to

CLl)' 22 22
C Lav ,llld grave 1. 43 65
CLay 205 270
CIa}', granulated; water bearing. 10 280
Clay 10 290

(C-8-3)6aad-J. Log hy San
Los Ange les emd Sd Lt Lake I{I{

Alt. 5,110 rt.
Clay', yell"w
Clay, yellow, and gravel
eLlY, :Ie ll(lw, and hOld de rs
Clay, gravel, and :sand
Li.mestunl' I"raipnents nnd clay
Limestone
Limestone, hroken.
Limestone qllartz.i le, sIll id

LimC'stonl' quart~i lC' and yellow
cLay

LLml' qlJart:zitp, comhed
Lime (juartzi te, sol
Li.me qU<1rtzite, creVlces
Lime quartzi te, sol Ld.

quartzite

very' hard
clily, gr'ly.

lan
and fine gravel, soft, and

hardpan
Sand, tan.
HardpClll .
Clay, [an.

(C-1-5)10ccc-l. [lV L. E.
H:1 Je Al t. 5,]

T(lPS(li I.
Grave!; water hearing.
Clay

Soi 1.
Clay, white.
CLay, tan
C Jay,
Cl ny sand.
eLly, ~'hjte.

Clay,

TiJi ckl1{'ss Depth

(C-7-5)28bbc-1. H C.
Russt'll Alt. It.

Silt
HClrdpan; water hearing
Grave]; water hearing.
Snnd
Clay

TUpSDi 1

Gravel and iJollldl'rs
Gravc']; water hl'cnLng.

Clay, white

(C-S-4)22aad-l. Log hy U.S
Bllreall of Land Management.
Alt. 5,300 it.

Loam,
Grave I
Rock, hard, water

fGrmatioll
Gravel and clay

Thickness Depth

5 36
3 39
3 42

44 86
2 88
9 97
5 to2

53 1')')

7 l62
20 182

4 186
104 290

45 135
4 339

65 404

graVE' 1
and

lillt'
and ye ll()w

Gravel, !')(lSC, ilnd ;;<ll1d;
water hearing

GC1vcl, CllarSf'; water bearing.
Gt"aveJ., line, ,][1(1 sZllld; w;1ter

he<lrinl',

Material

(C-6-4)5hdlJ-l - Continued
Clay, hrown
Grave 1

12
40
41
.)0

55
65

15
25
53
flO

J45

2
28

I

10

15
10
28

7
85

Thickness Depth

St. John
'),120 I"t.

C'llit it1\Icd

Mdter i ill

f~r.-l vc·l .
1,.ldtl'r IlCdrin,\.

Silt
Crdve L

C \"ater at 38 fee t

Suil 2 2
Grave I 2 4 (C-6-4) Shdd- J. Lllg II. M.

2 6 l{ohLllsnll and Son; I>y

Grewe I ; I,,'arill}!;. If) 22 R-~)P,c () Moss. Alt. 5,399,6 tl.
I 2] Sand, 20 20

Grdvl'I 15 38 Gl-avl'l and IHJllldcrs. 45 6'j

~;,md !+I C13y, rcd 3 68

I; hear ing. 45 I alld IH 1 111der<; 143 211

Sand 51 Conglomerate, . 217
Sand .. me! 5'i Gravel, luost' , fine. 224

hl.'.lck. 59 Cunglomet-ate 228
IJnlwll 61 Grave 1, IOllse, fine. 231
whiLe 7l Conglomerate, tight, and .sandy

Gr:tvl'l 2 71 gravel. 197 428
Sand, grave I, and clay 31 104
Gt-ave I 2 L06 (C-6-4)31acb-l. Log by E. W.
S ..md alld clay. 2 IU8 Hale. Alt. 5,050 ft.

25 25
hy If. C. and gravel; water hearing 20 45

It. Clay 5 50
1 1

43 44 (C-6-4)35hac-l. Lug hy L. E.
.5 44.5 Hale. Alt. 5,150 ft.

40.5 85 Sand 4 4
layer. 85 Grave 1 28 n

Mud 92 Clay and traces of Sflnd. 333 365

H'lnipat1. 91
Mud, sandy 100 (C-6-5) 20acc-l. Log by H. M.

Gravel; water hear Lng. 104 Rohinson. ALL 5,110 ft.

Mud, sandy 110 Grave 1 and 10 10
Clay, ~I!ti te ; salt welter 30 40

(C-5-6)36cd. v. L. Clay, blue 155 ]<;J5

CrlJc!leroll . ft l· Sand, fine; yields salt water. 5 200

Soil J 3 Clay, blue 130 330
(~r a Vt' I 7 10 Clay, gray, dry. 47 "377

Sand 18 28 Remark: 3 mile N. at 750 ft

Gravel "] 31 depth similar dry clay.

Sand 3 34
Clay and grAvel. 6 1,0 (C-6-5)J4cab-l. Log by E. W.

Sand and gravel. 21 61 Hale. Alt. 5,070 ft.

Grave] 2 63 Clay 3 1
Sand illld clay. 120 183 Clay and gravel. 5 "19 202 Clay L2 20

7 209 Sand and grave I; water bearing 2 22
Grave L and sand. 8 217 Sand 1 25

Crave I and clay. 20 237 Clay 25 50
Hardpill1 . 242
Gravel and sand. 12 25Lf (C-6-6) 14bbh-l. Log loy I Hale

3 257 Alt. 5,465 ft.

3 260 12 12

Sand ,1l1d clay' . 20 280 23 35
Cllar.';!.' L 281 Grave J I 36

clay, and grave J 19 100 Clay 18 51,

water bearing 1 303 Hardpan; water bearing 4 58

Grave L I ]04 Clay 27 85
:-)dnd dnu 5 j09 Hardpan; water bearing I 86

Sand; water I, 313 Grave 1.; water hearing 25 III

2 315 Clay 10 121

bearing. ]0 325 Grave L; water bearing. 7 128
3 328

bear ing. 1l 339 (C-7 -3) 30acc-l. Log by T.
I, 343 Woodhouse. Alt. 'j ,090 ft.
I 344 Clay, hruwn 21, 26
] 347 Grave 1 and clay. 8 y,

1 348 Clay, brown 106 140
4 352 Clay, water bear i ng. 50 190

18 l70 C] ,1Y, 85 275
Clay, granul.ated; water hearing 25 300

(C-5-6) 36dlJvl. Lug by lI. e.
Rllsse 11. All. 5,225 ft. (C-7-4)14aac-l. by Goxe

Roc.ks <lnd v,ravel 9 9 and CLnkson. 5,060 ft.

CL1Y 4 13 Clay, soft, hrown. 200 200

C mushy; water at 2\ fl 17 30 Clay, soft, blue 240 440

sandy 55 85 Clay, brown. 295 735

Clnd small rocks 17 102 Sand, brown; water hearing 15 750

1 103 Clay, hrown. 75 825

Clay, mushy. 40 143 Clay and sand; water bearing 25 850

Clay and rock. I 144 brown. 10 860

CL:.ty, whilC, soft. Ll 155 water bearing. 15 875

Clay, dark, wi til rock. 40 195

Clay, whiLe, sti.cok y· . 14 209
C I.ay, soft II 220

4 4

Lug [I. N. 27 31

Sun. 'i, "39tJ.4 I[ 29 60

Clay, hnlwn Z(, 26 water hear Lng 1,5 10'1
34 139

(1a\/ 8nd gravel. 31 20 159
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Table 13.-Continued

20
21
38
40
84

4,5

"43
4'),5

SL,5
525
57
60
62
6J
69
69. ')
91l
96
97

10 I
102
L14
11')
123
123.5
124

Ll
21
31
49
n
87

119
120
194
L97
211
214

12
2')
31
flO
62

l03
107
111
126

\2
L6

290
300
450
485
600
700

45
170
340
158
400

,I
,5

20

L
17

2
44

34
2,\

6
1
4,5

3
2
1
6

.5
20,5

6
I
4
L

12
1
8

4,5

L2
IJ

6
29

2
4L

4
4

15

20

11
10
10
18
28
La
32

L

74
3

14
3

45
125
170

18
42

12
4

274
10

150
J5

LIS
100

Thicknef;S Depth

Il 90 lr), 95
1,0 L35

5 140
5 145
5 1 SO

1, 165
40 205
35 240
45 285

160 4ff'j

Yates
ft.

R. Pehrson
'),480 ft.

J, F.

C1Cl)' ,
Clay, l~}:tra hard,
Clay.

H;lrdpan
Cln',' ,
1\;lr(\\)<ln
C ilnd hardpan.

.'-Hllt
; wiltf'r hearing

CLay and hardpan.
sllft.

Topsoi]
Cr,lvel

il11d hilrdpan,

hlu.>, soft.
and grave 1

Hilrdpan

(C-8-S)Jldad-4. Log
dnd Pf>hrson. Alt.

SIJi L.

Grave I.
(~rav(' I, coarse
C lay and
(;r.qVE' 1, ( nnd hilrdpiln
Grave 1 and sand
Clay flnd hardpan.
Hardpan

(C~8-6n6ddc-] .
O'Brien, Alt,

Overhurden,
Grave 1
Clay, red
HClrdpan
Gravel and clay

and s,Hld water hear ing.
f inc Cllarse

Clay And sand; water hearing,
Sand, coarse and fine; waLer

iJt'ilring.

(C-8-(J)IOa,w-l. Log by L. Hille
Al L. 5,500 It,

C lel\ ilnd rock

C l.ay.

Clay,

((;-1:1-6) l4baa-l. Lug by United
Drilling Co. Alt. 5,400 ft.

S Llt.
Grave 1
Clay,
I.i.mt' ,

and grave 1

~';(' f L, ye l1uw
hard, gray

Clay and shale
Clay, bnlwn

S{ll1d, ri.lle; water bearing

(C-8-6)26cwc-2. L0f; A H.

Milligan, Soil Cllnservation
ServiCf.'. A1t, ),420 ft.

Clay, sandy; water iit 52
Clay, red
Clay,
Clay,
Clay ilnd ; wilter
ClelY,
CL1Y, grave]
Clay,
Clay.

Material

((;_I::I_ r)) '31dhc-1 ,

All. '),')45 ft
1

190
200
21S
250
312

30
40
45
80
95

IJO
U6
15b

3
10
18
24
l2

40
16
79
83
'18

104
L60
220

22
LO
10
35
62

\ 5
7 L2

]7 1,9

I SO
5 55
I 56
4 60

L (II

12 i']

i8
12 110

2 112
2 I L4

L2 12

88 LOO
95 19.5

L lCJ6
11, 210

2 2L2
58 270

3 271

8
8

16
21

4
10

6
56
60

'10
10

5
3\
t'i
1\

"20

12 Lt.
I, 18
L L9

49 68
I ()9

47 I L6
2 118

47 L6,

50 215
2 217
3 220

3 223
17 240

2 242
8 250

37 1I
1(1 6/

64
11 80

2 82
87

1 'JO
Vi 125

1 12(1

21, LSO

T1,icknCflS Depth

waler

W,lter he:lring

H. C,
5, ft.

(C-8-5)7ddd-l - Continued

Gravel, cemented; \oJ<lter bearing.
Clay,
Grave , hearing.

(C-8-,)19ailCl-I. Log h:' E, Comer
Al t. 5,450 fL.

CLay", tan
CLay, tan, and gravr·l.
Grave· 1
C la'/
Clay and gravpl; watc'[' beari.ng

(C--8-S)31ahc-3. lJy Peter
Han~cll. Alt.'), ft.

T()ps()i 1.
Gravel with streaks el[ cla.y and

hardpan .
Clay and hardpan
Sand
C lay and hardpan
Sand and grave 1
Clay and hardpan
Sand and gravel.

Material

Clay
Gravel; water !lcal·ing,
Clay

20
LLO
135
148
176
L82
203
215
216
285
295
300
338
341
354
3S6
360
36)

2
25
35
')5
6\
80
94

115
125
150
168

2
8
9

12
1>8 80
30 110
52 L62
30 192
OJ 245
7a 31,

15 330
3 333

33 366 Clay, gray

4 370 Sand; watl'r hearing.

10 380 Clay, gray

387
35 422 (C -8- 5) 29caa-1 . J, F,

" 430 0' Brien. ALt. ,- ft·.
Overhurden

9, 525 CLay, red
GravDl and clay.

\34 [l'd

20
lJO
25
13
28

6
2L
L2

I
69
10

5
38

3
L3

2
4

2
23
10
20
10
1,
14
21
La
25
18

Thic1;ness DeJ1th

47 UZ
I, Db

LO [lflJ

" 152
J I'))

20 17')
2() llj5

ZOO
,7 257

1 260
JO 290

4 294
61 355

3 15"
j2 4]0
it) 455
2u 4/;
'i') ':dO

53)
Ij 548
22 '}70

L" 588
L7 hO 5

LO 61.5
15 630

bJ3
64D

8 648
12 660
L8 678
22 700
30 730

and white clay;

I'car ing.

Cravel,
watL'r \learing

(C-8-S)6ddc-l. J. F.
ll' Ilr i L'n. Al t. rt.

Grave· I ; \oJ<lter hr~ar ing
C lilY, ht'o\oJn.
Clay, wbite.
Clay,
Clay, bllH'
Clay, bro\oJll
Clay, 1 Lght
Clay, hard,
Grave 1; wllt~'r be'--lring.

brown.
\oJuter bearing.

Gruvt'l, and cLay
C Lav. ~~reen.

Grilv(' Land clay.
Clay, Ilrowll.
Cravel and clay.
C(1l1g1o!lleratl'
C] ay, hrllwn

(>.In~l,)m<'ratl'; W.Hl'r lcaril1',;'

CLay, Lif;ht nod.
C I, [11<'

; '.vater IJ('ar in);.
CLay, I,l\ll'

C

(C-8-S)6ddh-l. B. B.
GiHnner. Alt. '-;, .1 ft.

Silt
1-I,)L1 Lder>;

C,)n}~ !OI11C' 1"<11 ('

Siulel ;jIll! 1; W;ltVl :'l'clring

Clay,
eLlY, whitl,.
Clay, bLLlL'

Clay, r(>(\

C1C3.Y,
Clay,

hlue
and brown c la,v; water

hear i ng
CLay, hrc>wn.
CLay, nod.
Grave I, large; water bear Lng
Ik(\r()L'k

Clay, hrown,
C lav, wh i It'

hlul', and ~ravl'l

and gravel; water b('aring
gray, and sand .

and grave L; water h~'aring

Clay, 111ul' •
Clay, and sand.

; waLl.'r bearing.
C()ngLllD1erate, whi.te.
Gravel and buulders; \,'a('p(

Grave 1 1 ~-e1l\entL'd

Clay, hrown
Craw'l; water hf'aring.
Grave I, cl':mentt,d

hrown.
; water bear Lnf\.

Clai', gray
Gr<lveL, cemented; \oJater bearing.
eL1Y, gray

Maler La 1
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Table 13.-Continued

132
US

1\
3D
\0
n
86

100
101
127
IJ4
I ') ~J

I
15
59
6:3
li7
80
84
{Hi

107
114

)0

{I·O
-;0

Ii)

';',7
LOa
lJO
11')

/17

[),'ptll

l'i

1\
J

1lI
JII
8'i
III
7')

JII
10
)0

LJ
4

13
La

1')

20
2J
II
14

L
26

7
21

:21
I

J
12
44

4
4
Il

Til I

;Ind C.

J. F.
II.

gely.
brown

L"gIIY R E.
'j,1)10 ft.

Clay and grave I
Clay, hrnWll
Clay and sand; wall'r :waring.
Clay, light hnlwll, semdy

Clay,
Gravel and c
Gravel; water
Gravel and 11()1I1deL'i; water

hear in \',.
Gravel; Wilter hearing

M,lter LalTil I ,'kness O"ptilMatL'r ial

110

66 176

IWH r i [1 i~ 181
14 19')

Il"2\r illg. 11 i06
JC) 2/11

Iwar in'.( L5 256

29 211';
1\ 300
20 320
10 330
60 390

~; r C1 vel 71 /161

'2 Mi)

\1 'i I (~

I 'il)

803 (iOO

LLJg I,y r,: C,',mPI"

S ~1i l . 2
Crave I, C('ITI<'llled. \J

eLn', (an 20 75

CLive l; \"a\t'l hoaring II Bb

C La\-', t dll 32 118

Craw'l , Welle r Ile,-,r Ill.'; 2 120

Clav, L;11l 14 1)11

Cr,lve L; \vnter l)c:1r ing \ 139

CLay, tilil Jl L70

Lug hy Harker
Co.

All.

e lay 16 16

Gr<lvc'1, l:()arse; waler hearing 22

Hanlpan and clAY. 1 25

Grave firw, and sand. (, II
5 36

24 60
[0 70

~',ra \it' 1 . 20 90

(C-Y-,))20ddJ-t. II M.
Rrlh i nsoll. All. Lt.

5011 2 2
Grill/I?! . \8 60

21
25
26
]4
50
7{1

77
/<)

82
90

90
91

1.20
In
17/
182
lSI;

21
4
1
8

If,
2/,

)

2
J
8

I

L9
2

).'i

\
4

14 14
4 31\

10 4H
39 117

96
1\ L(FJ

1)4
136
141

I 142
14 ]')6

61l 224
L68

];UI 172
')7 {f2Y

60 48')

n ')11

2 511
Lli 529

9 5]8

7 54')

26 57J

Thi cktH'sS D,opth

Lllg l""]l()ct.l'd

RR

Craw,1 ill1d clay, vl,ll,lw.

Grnve L ;Illd '"mel
(:rave I, ('l'lllen(et!

(;ravt'l 111Hl sdnd
Graw,L <1nd L' yelillw.
(;r<1v(' t,

C I i1Y,
Grave
e1.a\, ,

') 11](', dTid ~)()l! I de ['s

.Vl' LI (lW, and IJll<llder';

Lll\~ ([rolll cIa Lm) .

fl.

, alHI Ill111 Ldtot".;

l,rnh'll, ,';andv
hLllC', (11(1 h,.,uj,krs

I
;md Ihl(llder';

!l\",'Wtl, ,llld ,,>,mel imd

hillddl'rc.;
Crave I , Cl'IllI'r\LL'c/

C I ~\y, 11Illl'
Clay, ow
c: lay, illld bOllldel~s

CIav, 'Ill:,lwn.
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Table 14.-Water levels in selected observation wells in Rush Valley

W'll('f ll'v",ls ill In'! hl']'lW LlI1d~s\lrfac{' datulll are desi!J;nalf'd hy a minu.", (-) sign il',m"oi<:llelv I>p!"rp tilt' fjrst ('Illr\, i[1
ab"lVt' land-~ Ir(,Hl' datllTl1 arl' df'sigllaLPo similarlv by a plus (+) ,,,1,:11.

.u...~
,m (C-H- '1) '~()C(,; Re,,,, v'il I> " 1441- ' "

>111 '/1. 19')0 -12 y4 Dec. 21, 1951 -lJ .4S Mar. 26, 195) -11 .1') MdY 13, 1941 '-j .h7 Mar. 12, 1\)4'1 /,1') 1><', , Ill, 1')/1'1 ,,,,
"

II 7!. /\p1'. In, llJ'i2 12.40 Apr. 6, 1954 12. 71 N,lli . 1\ H ,)0 np,_' , I K K ,IJH ~"I r 21. 1',')(1

M,lr lU 19') 1. 13 72 [kc. ]1 14.24 Mar. 21, 1%2 ').82 Mar. I, l'l4h h l'Ln. 1O, I')',j
"

l'
O,'! . 20 (J. /H De,. I') fl'] 11<'( I ",

IC-) 'j) l{h'bb-l l{ecurds i1yadabll' 1935-3:1 !)l'l:. !'l H.hO MilT. 20, jqt,' " r, AI'l. Ill, I I
Ih't J.\, ]'lj') 2] ,'I') Fell 2'1, I'lll -22.n') j:lll(' 21, 1918 -21,lJb Mdr. lI, I Y41 h. 'Ij I)e,' , 4 ('\ ",

li, IY){) 22.92 Mdl n 22.24 De,- . ) 22.47 Ike. iB 9,'12 Melt'. 24, 19 t,H " 'JI) J(l, l'i',\
1\)'1-. 11, 2!. .l/f May 1! 21.97 r('ll. lR, 19)4 21.H4 Apr. K, 1%4 h,hh ]Wl" , )() \l'J !')')', \I
•11'11,' 1) 72 .07 Sppt • II 22.90 Mar • II 22. /4 Dec- • II 8.91 Mat', 14 194') ., .h \

Jill 28 22. ')6 N()\: • 2H 22.12 Apr. 21 n.ll!
';('pt 1>\ 21 2) FI'h. 22, 191H 22.41 JIIO(> Y 22 .85 C-8-5 31aad-l. Recl'rds ~lva i lail ie 1')4L - ';2

Nc'v. 11 21.J'i Apr. 10 22.12 A.pr. 13, \Yl,l I K 1K Pel' . Il, 1')411 I" '12 [)(', ill, I'J'.11 ,'1: ,M_.
NnY. 21 1<) .RR Milt" • 12, l'l/.'j I" !" nt" Ii., I',!

U>'i 'i) 32''1dh-l. Recurus aVdi labl\' 1944-50 Mar. 23, 19112 l'J.hl 1)1"(", 1K 1 11 M:lr JI, ['I'iO 1K K'
,\pl'. H, 1944 2 )2 S(·pt. 4, 194h 2. 1" Dec. 20, 11I{,8 2 12 Oct. lO I y ,<.)4 ~l;n . ", ]L14h I" . hl! []PI " 1k

lh'\', )1 2 .20 Mar. '20, 1947 1 ,')7 Mar. 14, 1%9 , 8R I !)ee. lq 1'.) .82 \lee. 19 }() ()'j ~ll '(J, I I I"

M,ll' . \2, 1%1 1 .1,\ Del' . 4 1 .h] Del'. II .72, Mar. IL, 194 \ \'1.\\ M.lr . C!(), 1')41 I" "J Ill" 1 1" ",

~l)e ( L8 l. )7 Mdr. 24 1948 .82 Mdr. 21 195() ,89 [lee 2R 1\).'J7 11PC. I, I" ,2() "i. IK M,'

AJr. 8 1944 1'1 n M;lr. 24, I'J!~R I') !~ ')

,\.£c I 5) 32add-l. Rel'c,rds aVdi lalde 1941 ~ 54

Mil\ Ll, 191+1 31.67 Milr. 12, 194 r) -29.59 Dec. 13, 1949 -2') .8S (;-8-5 1,11)(.:-) . Recurds dvai1al11e 1 IJY)-40

2\ n.18 lll'l 1K 29.22 Mar. 2l, 1910 2,~ .8t.. Oct. 2J, 19jr) +22.3 Ma' 1i', 1'1:17 +2 'j \ Ilel I, \')JR +2') !
Mdr. 2'1, P}42 31 16 M;ll. i, 194(, 28 3') Dec. I, 2.').27 Ff'h. 6, 1936 24.2 Sept I', iJ .6 Ff'h 18, i'IJ'l }! 4

lkt. 20 33. ')2 Ike. 19 2K .2\ Mar. 30, \ '151 2 ~. 62 Apr. 14 24.4 N,>v, 2H 211 I M,lr \I // ,,,
1)(>( 1'1 32.06 Mar. 20, l(J,' 2/. ]ll Apr, 1O, 1YS2 23 .61 June 11 2].2 Fell 22, 19]H zrJ.l, '\[1r. 27

Mar :.II, 194) 3O.7'J [kc. I, 21. 11 l1f'c. 11 22.7() J'l ty 2K 2) I Apr. 20 211 .4 JUIH 'J 1
Dec. LR n.t.2 Milr. 24, t94H 2') ')') Mar. 2fJ, J.tl')] 21.19 Sl·pt. 1K 2) .ll JLllle 21, 24 All~ . 10 )', "

Apr. 8, 1944 29,92 [)('\. 2() 26.2R Nov. 21 2\.l'i Nlw. Ii 2'\ .0 '\Ilg 2\ 24.8 nee 20 2'i.H

Dec. 31 )0. ')2 Har. 14, 1949 24,88 Apr. 6, 1<)')4 \8.91 Feh. Zr" ]'J]l 26.2 (let. i; :/'i.1 Apr W, 1%0 2'1
Mar. 23 26.8

(C-S-6}25aaa-t. ReClH"ds availaiJll' 19J5-/~2

Ort. 23, 1935 -19.77 Sept. 15, 1917 -19.30 Apr. 27, 19:19 -\4.02 I (c- -I)ll"d-!, Recllrds availab1l' L9bU-(,7
Feh. h, 1936 lIfo 95 Nov. 28 19.4h .l11llE' 9 15,2.:/ Mav 13, 1960 +16 " Oct. 17, 1'}!)2 + 1 ').0 AlI~. 2, 196'1 + 10 "

Apr. L4 '1.49 Feb. 22, lQ'l8 ]8.84 AlI~. 10 8.82 Jdn 2b, L9fJI 1\ ,6 Allf.' . 21, \9b"l 12.0 (Jet 12 'j .k
J>ll1C l3 17.28 Apr. 20 1'3. ]8 Dec. 20 l8.70 Apr, 2K l\ 2 ))PC. , 1:-1.7 De, 1\ I 6

July 28 19.09 JlIne 21 17.3') Apr. 30, 1 CJ40 ll+.b) Jllly 27 II ,8 Mar, 23, I CJb4 14.2 M:~r . 17, 196fi 1 ,4

Sept. 18 20.58 A\I/I;. 23 19.67 NO\l . 27 11.49 Oct. 20 13 ,2 Nuv. 'i 11.0 ~l~ pt . 7 7.2
Nc\v. l2 19.61 Oct. 2') 19.19 May 12, 1941 14.7(1 Apr. 18, 1962 LO ,1 Mar. 10, 19b'i 12.9 M" 17, \ 967 8 .0
Feb. 25, 1937 16.45 Dec. ) 18.95 N(Jv. 25 18.44

Mar. 2] 14 ,l 7 Feb. 18, 1939 18.55 Mar. 22, 1942 16 _49 ,(C-8- 5) ]1eed- 5. Rec.lrds ;J\ldi lahle 1956-67

May 17 9.65 Mar. 21 l4,28 Oct. 20 17.62 Dec. 7, 1956 -18.53 (Jct. 20, Llib] -21 .93 N:l\! • I, 1964 -21.l}O
Dec. 20, 1957 t8.40 Apr. 13, 1902 L8 9h Mar 10, 1965 I Y.84
Dec. II, 1958 18.23 (kt. 17 21 .69 All~; . 2 21.02

(C-5-6) 36cd. Water level i.nside 12~ inch casing. Records "' i.lable 1935-37 Apr. 29, 195Y 19.69 Apr. 18, lYb] 19 12 Dec. II 2n J"
OLt. 21, 1935 -1'- 34 Jllly 28, 1916 -15.75 Feb. 2S, 1937 -14,60 Oct. 20, 1960 2\ .28 Dec. ') 22 14 M;\r 11, \')!,Ii 1<J.R!
Feb. 6, 1936 lb. ')3 sept. 18 15.93 Mar. 23 14. J9 Jan. 26, 1%] ] 'J. 1.6 M0r. 24, 19()/~ 1q. 76 M;lf L', 1%/
Apr. 14 16.07 Nov. 12 15.1.1 Ma'! l7 14.62 Apr. 28 18.80

June 11 15.72

\ ,"0' ,< lpv, In .• idp -inch n" RPc "rl,- av 101'-
(c-R-o) : Re, au 144' -' , I-
Dec. 1t~ , 1949 -38.89 Jnn. 21, \960 - ·\4 )1 ,\Il~ . 21, \%j - JR ,0\

Oct 23, 1915 ~14. 68 June 13, 1936 -12 .30 Feh. 2 c
J, 1'137 ·14.04 Mill'. 2l, 19')0 38.17 Md\ 13 )1, 'II Oe~' . " \8. J(J

Fen. 6, 1936 11.42 July 28 12.60 Mar. 23 12.92 Mar. 10, 19')1 3fL45 On. 20 l\ .42 N,,>\! >, \ '/64 l,O. 11
Apr. 14 10.91 Nov. 12 13.17 May L7 12.60 Mdr. 26. 19'i] 36.87 Jail . 26, 1961 l\ .81 Mdr 10. 196') 18. :.!f>

C -6-4 Sbdb-1. Records avai.lable 1946-51 1954
Dec. 1O, 19')4 36.42 Apr. 26 JI ,9B A'lf-;. i lH. )/j

Mar. 20, 1946 -282.12 Dec. L4, 1949 -291.88 Mar. 30, 1951 -287.45
Apr. 1, I')')') 35.42 Jul y 27 36 26 (kt. 12 ) / .8'-,
Dec. 7, )6.42 (Jet. 2n 36. 20 no< 1\ \H .()')

Mar. 20, 1947 281. \3 Mar. 21, 1950 286.35 Dec. 21 28 t : .64
Apr. 5, 1'1')7 36.9lJ 13, 1962 1') 8\ M.ll' . 17, 1966 3b.YlJ

June 24, 1948 282.68 Dec. 5 281,28 Dec. lO. 1954 298,00
Del'. 20 17,21 17 37 ,10 Sept. 7 37 ()(J

(C -7 -41l4aae-1, Records available 1958-67 Dcc. 1L, 1958 3b .no I\pr. 16, I')fd )6 20 M;lr 17, \ tjbJ J \.4H

Dec. Il, 1958 ~92. 10 Oct. 20, 1961 -92,16 Nov. 5, 1964 -92.18 Mau 1 1959 Jb. ')3

Apr. 10, 1959 9l.09 Apr. 13, 1962 92.08 AUf;. 2, ]965 Y2 .13
I (C-8-6\ 23,Jan. 21, 1960 92,29 Oct. 17 92.0l (kt. 12 92 ,08 d, Records a\lai I ahll' 1(j4 I -47 l':)')U 195'J ~ 5 l l)')7

May LJ 92.30 Apr. 18, 1963 92.14 D('c. II 92.11 Mi-lv 1'3, \941 + 1 ,9R [lee. ll, 19114 + I .77 Dec. h, I(J5() + 1 Iii

(kl. 20 92.09 Aug. 2l 92.10 Mar. l6, 1966 92.11 No\!. 21 I ,70 Mar. \2, 19t~ 'j 1 .Y8 M,ll 16, ['J'll

Jan. 26, 1%1 92.07 Dec. 5 ':12.21 Sept. 7 92.25 Oct. 20, 1%2 1 .}') D.' ( 18 1 .en De, 10, 1(j')4 1 'II.

Apr. 28 92.20 Mar. 23, 1964 92.1'3 Mar. 17, 1967 92.21 Del' • 17 1 .7'J Del. 14, 1941, I .tl'l Apr. 1, IY')5 I 2"
July 27 92.17 Mar. 31, 1943 1 .93 MilI. 2() , 194! 2 .07 [)l'l 1 I')

Del 28 I .98 Ilt'('. 4 I ,1+', Apr " Ill')!
(C-7-S)29dcd-1. Records availah1e 1936-37 Apr. B, 1l}44 I .7'i Mdr. Zl, 19'J() 1 .9'")
Sept. 8, 1936 +23.0 Mar. 23, 1937 +21.4 Sept. 15, 1937 +21.4
Nnv. l2 2} .0 May 17 23.1 Nov. 28 23.€, I (e-B-b\ 36dd'-1. Reu)rd~; 1':!'J')-(,j
Fen. 25, 1937 23.4 Apr. 29, 19'14 -16 21 (Jct. 20, 1961 -jlJ 4') A'l~, 2, 1965 -]') 7l

'_R_ Me c - R, ,0" _h? Jan. 21, 19f:O 17.24 1J, 1%2 16.4C, ()cl 12 I') 1\

Ike. I, 1956 8.70 May 1, 1959 8.68 Jan. 26, 1961 -11.18 May l'l ['S.7S L7 18 84 Del' . 11 Ii !2

Apt" . " 1957 8,22 Jan. 21, 1960 11.17 Apr. 28 16.01 (kt, 20 19. ')4 Apr. lB, 1963 1fJ .80 M.lr. 11, I'l(j!) If1.4i'

D,'c. 2n 8.65 Oct. 20 t4.48 Apr. J, 1962 11.45 Jan. 26, 196\ \7.]5 N<>\! . " 1')64 \H .8H Mdr 11, 1'107 lK II

Dec. 11, 1958 9. ')5 Apr. 28 t6.52 Mar. 1O, 1%') I! .22
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Table 15.-Records of selected springs in the Rush Valley drainage basin
Local i'lI1
AIr. i tude
Di
Use:
Remarks'

numher: See text for explanation of numbering system.
(If land surface: Interpolated from U.S. Geological S\lrvey and Army Map Service topographic
: :---. means more than;<means less than; R, reported by ownf'r or in source document.
domestic; I, irrigation; S, stock.

C, chemical analysis in table 16

maps.

Lucal ion numher Owner ur name

Alt i tude
of land
surface

(feet)
Geologic SOllrce

Estimated discharge

Gallons Temperature Date
per minute (OF)

Use Remarks

(C-4~4)JJbh-S Paleozoic limestone >lOOR State Engineer fi 11' No, A-03764.

Jaded-51 do

l78aa-5l Martell Russell

9cba-S I Flying G Ranch

(C-S-S)3ada-Sl Young Ranch

Flllws i_nto pond.

Flows from ,1 pipe into a small concrete
trough. C.

c.

Flows into trougl'. C.

Flows from two large and several small
orifices; forms base flow of Clover
Creek (measurements in tahle 6). C

c.

c.

Water has tllrqlloisL' color from
distanc(' j known as Warm Spring.

Flows into large pond.

In ~treamhed.

Spring outlet not seen; discharge
prohably largely overland runofJ.

1,S56 9-22-64

40 9-21-64

40 9 -21-64

4'1 9-25-64

45 9-25-64

56 9-22-64

75 9-22-64

56 9-22-64

57 9-22-64

55 9-21-64

45 9-21-64

50

60

<5

1. 25

'-'1

<10

1,000

4,500

do

do

Fault trace across
contact of Manning
Canyon Shale and
Great Blue Limestone

All.llvia1 fan

Paleozoic lime~tone

Valley fill

Alluvial fan

Paleowic limestone(?)

Manning Canyon Shale

Manning Canyon Shale

7,290

5,900

7,850

7,400

4,990

6,590

5,000

4,990

4,970

4,990do9cha-S2

32bba-Sl Clover Creek Spring

(C-4-S)15cha-Sl A. L. and N. M. Young

(C-4-7)25deb-51 U.S. Bureau of Land
Management

(C~4-7)36daa-5l du

(C-S-6)20hha-Sl Chokecherry Spring

(C-5-3)10dhb-SI do

24hac-S 1

leba-51 do

(C-6-6) lbbc-S 1 Orson Johnson

(C-7-S)28b-S Dan AtherIy

Flows from pipe into trough. C.

Flows Lntn 50-foot square reservoir. C.

Improved hy installation of horizonal
perforated pipe in alluvial deposits
in low fault scarp.

do

Flows from several orifices into
SOO-foot diameter reservoir. C

c.

I,S

1,S

7- -62

9-21-64

5-10-59
5-16-67

9-21-64

12-22-64

12-22-64

57

<10 55

.5R

52

600 68

20R

do

do

do

Paleozoic limestone

do

Valley fill

5,300

5,305

5,310

5,290

5,305

5,300

7,100U.5. Bureau of Land
Management
Hell Hole Spring

l4daa-Sl U.S. Bureau of Land
Management
Clover Bench Spring

32aba-S 1 Roy Davis

(C-7-6)4,b-S

4d-S U.S. Bureau of Land
Management
Two Spring

6,700 do 7-15-64

8ad-S U.S. Bureau of Land
Management
Eas t Faus t Sprtng

7,200 do 15R 11-JO-66 Developed spring. Replaces nearby
spring that dried up.

(C-S-S)Sccd-Sl Vandybarker Spring 5,300 Quaternary alluvium 450R H,I Artesian sprIng. Formerly supplied
Fnllst railroad station and irrigated
lands. Reportedly dried up at end of
the first summer that nearby large­
yield well was pumped. Feportedly
yielded 2 efs when temporarily enlarged
and pumped,

(C-9-4) 15,-S 5,700 Te rt iar y-Quate rnary 45 12-21-64
terrace de pas its

20dd-S Union Pacific 6,220 Quaternary alluvium 42 12-21-64
Railroad Co.(?)

3Shbb-Sl U.S. Bureau of Land 5,790 Quaternary alluvium 55 3-29-65

Management and colluvium
Boulter Spring

Water used at nearby store. C.

Water piped from spring site to
Lofgreen station. C.

Opening is buried under highway and
discharges through a pipe. C.
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Table 16.--Chemical analyses of water from selected wells and springs in the Rush Valley drainage basin
Dis<.:harge· Estimated unless indi.cated hy ro, measured, or r, reported.
Sodium and potassil1m: \mere no potassium value is shown, sodium plus potassium is calculated and reported as sodium.
Dissolved solids' l{e8idue on evaporation at 180°C unless indicated by c (sum of deterrnined constituents)

Parts per mi 11 ion

Locatiun N,l. Discharge

(gpm)

M
C
U

U

Dcca-l
lcJ('ba-~

(<:-4-7)
2'iclch-SI

(C- ')-3)

10d h11-~; 1

IOdcd-Sl
«(_'i_C)

2bcc-1
2bcc-2
lada-Sl
9cba-Sl
Ycha-S2

4-2'i-64
9-25-64
9-22-64

9-21-64

9~ 2 ')- 64

9-2:i-64

9-22-64
"1-22-64
q-22- fJ4
LJ-22-64
9-22-G4

40

47
!~S

9()1) I b D.OO 0.00

1, \00 14 .41.01
{iO 1K • J2 .01

'iO I () 34. (n

1- ') S. () 10 . OJ
1 2m lJ.3 02 .n1

40-'iO 16 32.10
27m 17 .00.02

0-1 17 1') 01
1,000 20 88 .02

2il\ 42 00 1/1

81 21
76 2.1-+
h2

69 16

67 1,'+
'12 ;JO

69 46
~,9 12
14 48
')8 24
fi9 "i2

h
41
n

I')

4/
?2
2H

IlO
176

1,7 25[.

24:'
l.'2 2J:'

.6 27b

.4 2\1
4 2::!1

2.0
1. 212
~~. 1 210

I \ 1 7,~

17 16-~

29
13
lH

14

92
112
hI.
'I()

172

99

106
',2

'J

11

,4
179
I"JO

(1.2

.4

.4
4

1.0
1.1

1.2 n.()'i
2. 8, .0')

.9 .04

1.7. .U4

J.4 .06
'!.O OS

1.0 .06
1.9 .01
2. ') .05
.4 17

1 . (~2

2H)

H)j

'274

i'\1
"JHO
lHH
,')4

1,040

18

Wi

12

17'i
106
I UJ

()'J

240

20
21
17

11

12
I H

22
1\
18
48
49

ll.q

1.0

.4

1.1
· b

7

1.1
1.9

1'l3
Ire)
'i70

876
(,OS

(-,47

'JK1
I, hOt)

i.(1

l.lI
I [,

1.9

1.')

7./
,7

l'i
H. ()

K.4

1 JaaJ-l
17aaa-s1
17aad-l

12-22-64
'1-22-64 'i7
9-22-64

1/
18

'.iOm I ",0

21
)")

.Ob

.04 h6 42
01 ')2 .:'0
06 /3 44

7R
74

106

1. 8 2'-19
14 176

\14

66
ri9

107

142 1. () .0'1
135 1.3 ,4 14
176 ). H 1.6 .2',

.\3') qO 1"J 1.9
711 (,7 41 'J 2
164 107 J7 2.4

')41
1R9

1,210

i.9
1. R
i.LJ

9-21-64
9-21-h4
'1-29-6',
'3-18-66

II
4')

46

1
4, 'iOO
'i,OOO
'1.,000

.00
00

.>+4

00
02

.01

75 12
b3 10
b3 5.CI

27
8.7

10

272
23K
2U

18
S.

7

10
II
14

04
t)"J

.2

118
:.:'21
201

23')

200
180

20
J

II

7.
/
/

426 100 II
192 bPi 1'.\
1',2 II
143 1 J

(<:-6-4)
'ihdh-l ') - ~)-4t\ 49

11- 7-49 49
10- 4<)0 ') 1

R- 2~ ') 1 )4
9-24~ 52 iO
'J- H-')3 50

10-11-')4 SO

1-11-'i7 'jO
4-1 'j~6() ')0
5- 2-62 ')[)

360r
J60r
'360r
360r

]]')r

33Sr
115r
Tl5r
U'ir

14
12

11
II
11

12
II
11
11

H5 35
94 16
% "3H
<17 38
9H 19

102 4 I

[01 !tl
% 37
'147 n
80 2'1

17

21

22

2')

26
I'J

?3

39H
:!.9 420
1."3 417
L'i 412
1.1 4C6

.9 Yi6

1.0 3 ll H
\.] 3 l ")

I . ") 1~17

Jl)]

64
'd
17
14

11 .00
C).O .04
t,:.l .03
'i.7

. 1 lJ. 4
1 If

.J \2
I t).2
1 12
1 8.0

1\6
182
196
.l'lK
4()')

421

30 9
38 II
14 \0

flO 1.1
13 12
'lR In

.4

· I)

.4

(II-H) 7.
761 7.
lHI 7.:!
K]'i 7.f)

H44 7 .
863 i.

W)() i. I
HZ"3 J
/00 I. \

h70 I.J

5bdd-l ')- 6-48 49
11- 6-49 49
10- 5-50 'H
8- 2-51 'A
9-24-52 SO

160r
360r
360r
360r
350r

11
12
11
12
11

87 34
89 14
'W 36
86 35
94 16

:c7
14
34
37
32

40R
2.9 4116
1. J 3'19
2.6 3'Jl)
\.3 1'14

1')
44
1.0
4()
41

I H.7 .00
.1 8.3 .02
.1 9.3 .03
.2 9.2
.1 lJ.6

4n
4\1
4')H

462
472

I')]

.\62
372
158
182

14
HJ 17
'16 17
\2 18
60 \ ')

h
8
8

.8

.7

nq I.H

lR7 .6

1'-14 /.2
1-106
8:.14 i.4

9- 8- 53 ',0
9-29-54 ')0
2-11-S7
4-15-60 C)O

5- 2-62 ')0
fi-10-61 SO

.4 9.7

.1 (j.2
1 lJ.7

.1 10
1 14

.1 11

b4 14
'i6 \6
33 14
47 10
]"> 17
!~ 1 7

/.

7

/ 6
K.l
7.7
}. H

7.4

8.2

Pi10 1.
114 7
1]1l I .
682 7.3
144 /.4
b66 7.2

K94

I, I '-i0
b02

2,4 "J(}
1,290

H4'i
12')

I,no

7
/

".4
.8

1

1.6
.6

1.7
2 Y
1.2
1.2
I..

'il
[')

66

40
42
2')
27
39

448
J 34

77
16

B'jO

79
46

182
368
\]6

340
.156
3'10

148

292
278

762
378
330
270

1,190

4H2
446
411
198
425
3R2

3S 600

.22 1,490

.09 767

.en :;01

.06 412
2,180c

.05 717
,03 nR

1.4
1.0

.l
1.1

2.1

4.6
.0

1
.3

1.4b1

120
lOb

98R

40

149
;:0

111

16'i
HI
14
I')

2Ui

9.2 3.\4

.4 33R

.0 H2

. 1 HiY

.9 Vi7
392
374

7.8 384
3.5 298
7.4 lO'l

2.8 ;':37
Lt')

7 260
.8 2H2

\4 ')

30
32
26
IR
34
12

235
129

52
47

3 5!~

139
21

92 37
90 J5
83 11
86 31
'J7 28
96 27

04 20 24

.01 75 25
03 l:I3 17

.03 116 11)

.01 fi3 ')4

.01 64 41

.07 46 38
184 178

15

90
11

19
15

.40
12

,0

23
22
L')
14
50

17

I'

1\
1\
10
12
II
II

1-5
bOO

335r
33'jr
31Sr
1')Or
lSOr
33Sr

1m
')-10

57
'is

68
49

9-21-64
9-21-64

3-30-65

12-22-64
12-22-64
12-22-64
12-22-64
4-22-')9

((:-6-6)
1 hbc-Sl
l<:.:ba-Sl

(c- ~4~~c-l~1
(C-7-')

2Hb-iY
2Hbbc- !
29dcd- LY
12a ha-81
12bdd-l

(C-8-4)
2Laad-l
lOdcd-l

((:-8-'))

6ddh-lll

6ddc-l
291)aa-]
31c('d-1

4-28-59
3-29-65

12-22-64
')-11-59

12-22-64
12-11 ~ SR

1 ~ 26~ 6 1

55
54 3m

4,500r
')5 250r

20m
')4

'3

66
40

13
28
16
16
13

.00

.33

.31

44 26
.00 117 54

.01 40 27
49 32

.01 91 30
47 16
49 15

\8

36
71

"24
23

100
5.4 94

2.8 \92
!32

1.. 8 188
178

I 3 172

49
7')

28
47
'18
14
18

2')
.\2')

70
120
171

52
SO

4.2
M.O

.6 .0
.'1

2.3
2.3
1.')

.1.2

.O()

.05

417c

H68

]44
461c

216
r,IS

210
254
lS0
181
183

16
j9

27
38
18
22
2J

.6
I

1.1
1.9

· H
· H

7

60'1

I, :no
7.7
7.6

i.6
7.9
7.7
7.R

7.3

L2-22-64 50 16 .40 .0] 67 18 29 1. S 198 29 so .2 2.4 .04 386 242 riO :W h():! !. b

18 .07 59 39
37 17
38 If:,

Ion 1.2
11, 1.0
184 K 1.4
!~ 7 2 7

140 1.0

20b 16 4') 2.1
J1 h 31 4J :? 1
lOB 12h .\3 I. H
21 B 12 2'i 1.0
162 ] lB 20 1.0

782 ,. q

43'1 7 7
420 7. 'j

/40 7.
7.\7 K
'lr)h 7

'dH 7.
891 8.

7

.9
4

\0', 2()'\ 17
\ hO .\2 2'i

160 It.l 2S

14
II.
04
11

Olj

m

2
1

.4

177
SO
'd

40
]lJ

29
36
'12

19
14
18

3.4 124
1'16

.9 149

2:12
H.O 226
9.2 222
L2 226
3.5 274

29
25
:c5

40 2f:,

01 38 29
00 51 44
00 'is 19
O'J HI 39

71

33
29

60
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