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GROUND-WATER CONDITIONS AND STORAGE IN THE
CENTRAL SEVIER VALLEY, UTAH

By Ricuarp A. Youne and Carr H. CARPENTER

ABSTRACT

The central Sevier Valley, in the central part of Utah, extends from the town
of Kingston to the Yuba Dam and from the Tushar and Valley Mountains and
the Pavant Range to the Sevier, Fishlake, Wasatch, and Gunnison Plateaus. A
geologic and hydrologic investigation of the valley was made to determine the
relation between surface water and ground water and to determine if ground
water can be used for irrigation supplies without affecting existing water uses.
During the investigation, data were collected for about 700 wells and 26 springs.
Monthly water-level measurements were made at 93 chservation wells, and auto-
matic recording gages were maintained at 6 additional wells. Chemical analyses
were made of water collected from 68 wells and springs. Test holes were drilled
at 21 sites to determine the thickness and hydrologic properties of the water-
bearing materials. Consumption of ground water by vegetation was estimated
on the basis of area and applied rates of evapotranspiration.

The climate ranges from semiarid in the valley to humid in the surrounding
high mountains, and the annual precipitation ranges from less than 10 inches to
more than 30 inches according to altitude. The growing, or frost-free, season
averages about 120 days in the valley. The average annual evaporation from
open water at Piute Reservoir is about 55 inches.

The valley occupies a synclinal trough modified by a graben between the Sevier
fault on the east and the Elsinore fault on the west. The mountains bordering
the valley consist of sedimentary and igneous rocks, which range in age from
Triassic to Tertiary. The valley fill, which is alluvium consisting of gravel,
sand, silt, and clay, has a maximum known thickness of 800 feet.

Irrigation has been practiced in the central Sevier Valley since about 1850,
and surface-water rights are fully appropriated. Water is diverted from the
Sevier River and its tributaries into irrigation canals at many sites along the
streams. The entire flow of the river is diverted at times during the irrigation
season at the Annabella Canal diversion dam, the Vermillion Canal diversion
dam, and the Rockyford Dam; but surface flow reappears below each of these
dams. This flow is fed by ground water which has its source partly in return
flow from irrigation. The total surface-water reservoir storage capacity in the
area is about 312,000 acre-feet.

The valley is divided into five ground-water basins, which were formed by
geologic forces and stream action. In downstream order, the basins are the
Junction-Marysvale, Sevier-Sigurd, Aurora-Redmond, Redmond-Gunnison, and
Gunnison-Sevier Bridge Reservoir basins. Ground water occurs under both
artesian and water-table conditions in each of these bagins. Artesian condi-
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2 GROUND WATER, CENTRAL SEVIER VALLEY, UTAH

tions prevail in the central and downstream parts of the basins, where permeable
beds of gravel and sand are confined by overlying beds of silt and clay. Water-
table conditions usually prevail along the sides and at the upper ends of the
basins., Water flows freely from most wells in the artesian areas.

Most of the available ground water is in the permeable beds of gravel and
sand in the alluvium. Agquifer tests indicate that coefficients of transmissibility
range from 4,000 to 900,000 gallons per day per foot and that coefficients of
storage range from 0.0001 to 0.2. Probably about 1,500,000 acre-feet of ground
water is stored in the gravel and sand deposits in the alluvium. About 30,000
acre-feet is stored in the Junction-Marysvale basin ; about 800,000, in the Sevier-
Sigurd basin; about 200,000, in the Aurora-Redmond basin; about 150,000, in
the Redmond-Gunnison basin; and about 300,000, in the Gunnison-Sevier Bridge
Reservoir basin. An additional large amount of water, although not readily
available to wells, is stored in the beds of silt and clay.

The principal sources of recharge to the alluvium in the central Sevier Valley
are the Sevier River and its tributaries, irrigation canals, and infiltration from
irrigated fields. Some ground water also moves into the alluvium from bedrock
sources surrounding the valley. Ground water is discharged mostly by evapo-
transpiration, wells, springs, and drains. A relatively small amount of the ground
water leaves the area by subsurface outflow.

More than 1,300 wells, most of which are 4 inches or less in diameter and
less than 150 feet in depth, have been constructed in the central Sevier Valley.
Most of them flow, but the discharges are small. The specific capacities of six
large-diameter wells range from 10 to 300 gallons per minute per foot of draw-
down.

Approximately 200,000 acre-feet of ground water is discharged anually from
the alluvium. Springs discharge about 60,000 acre-feet, and wells and drains
combined discharge about 40,000 acre-feet; evapotranspiration from areas of
phreatophytes is about 100,000 acre-feet. Most of the water discharged by
springs, wells, and drains is used for irrigation.

Most of the ground water in the central Sevier Valley is of suitable chemiecal
quality for irrigation, public supply, and domestic, stock, or industrial use. Of
72 samples of ground water analyzed, 69 percent were classified as fresl, 17 per-
cent as slightly saline, and 14 percent as moderately saline. The concentration
of dissolved constituents in the ground water generally increases downstream.
The quality of water in the ground-water basins is as follows: Junction-Marys-
vale, excellent; Sevier-Sigurd, generally excellent; Aurora-Redmond, generally
good except near the Arapien Shale; Redmond-Gunnison, good near Axtell and
in the northwestern part but not suitable for domestic use in the remainder of
the basin because of the influence of the Arapien Shale; Gunnison-Sevier Bridge
Reservoir, good. In all basins, except where the alluvium is underlain by the
Arapien Shale, wells more than 100 feet deep yield water of better chemical
quality than that from wells less than 100 feet deep.

The surface-water and ground-water systems in the central Sevier Valley are
interconnected, and the base flow of the Sevier River is affected by changes in
ground-water levels. The absence of appreciable long-term changes in ground-
water levels in the basins indicates that the total discharge of ground water is
balanced by recharge to the aquifers each year. An inflow-outflow analysis of the
Sevier-Sigurd basin shows that recharge of all water to the basin approximately
equals discharge from the basin. The same principle applies to all the basins;
consequently, increased pumpage of ground water would result in (a) an increase
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in the recharge from surface-water sources, (b) a decrease in the discharge from
springs, flowing wells, and areas of phreatophytes, or (¢) a combination of the
above. A total, however, of about 35,000 acre-feet of water could probably be
pumped from wells in the central Sevier Valley without greatly affecting the
flow of the Sevier River and with only moderate effect on springs and existing
wells.

The additional 35,000 acre-feet of ground water could be obtained by the con-
struction and pumping of large wells. If such wells were properly located, the
pumping would cause a lowering of water levels and, as a result, the drying up
of existing wet areas which now support extensive growths of phreatophytes.
About 100,000 acre-feet of ground water is now discharged annually by evapo-
transpiration in the central Sevier Valley. Salvage of about one-third of this loss
by elimination of wet areas and phreatophytes would provide the 85,000 acre-feet
of newly developed water.

INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

The U.S. Geological Survey in cooperation with the Utah State En-
gineer made a geologic and hydrologic investigation of the central
Sevier Valley, Utah, to determine the relation between surface water
and ground water and to determine if ground water can be used for
irrigation during periods of drought without affecting existing water
uses.

This report of the investigation includes discussions on history and
development of water resources; relation of geology to ground water;
source, occurrence, recharge, and discharge of ground water; evapo-
transpiration; present ground-water development; fluctuations of
water level; chemical quality of the water; relation of ground water
and streamflow; analysis of inflow-outflow for a specific basin; and
conclusions about potential development and its effect on the hydro-
logic conditions in the area.

LOCATION AND EXTENT OF AREA

The central Sevier Valley is in the central part of Utah (pl. 2). It
includes the Sevier River valley between the town of Kingston on the
south and the Yuba Dam on the north, a distance of about 90 miles, and
extends from the Tushar and Valley Mountains and the Pavant
Range on the west to the Sevier, Fishlake, Wasatch, and Gunnison
Plateaus on the east. The area of detailed study was mostly limited to
the valley floor, which includes about 300 square miles. Some study,
however, was devoted to the entire drainage basin along the reach of
the valley investigated, an area of about 2,800 square miles. In this
report the term “central Sevier Valley” refers to the entire drainage
basin between Kingston and the Yuba Dam.
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PREVIOUS WORK

Two earlier water-supply studies were made in the central Sevier
Valley by the U.S. Geological Survey : a reconnaissance of the ground-
water resources in Sanpete and central Sevier Valleys (Richardson,
1907), and a study of the surface-water resources of the Sevier Lake
basin (Woolley, 1947). Streamflow records have been collected in the
valley since about 1900 by the Geological Survey, and they have been
published in various water-supply papers. Records of diversions for
irrigation are compiled by the Sevier River commissioners for most
years.

Investigations of the geology of parts of the central Sevier Valley
include those by Callaghan (1938, 1939), Callaghan and Parker (1961,
1962a, b), Willard and Callaghan (1962), Maxey (1946), Spieker
(1946,1949), and Kerr and others (1957).

Several geologic reports of parts of the area were prepared by
graduate students at Ohio State University. They include those by
Gilliland (1951), Hardy (1952), and McGookey (1960), and “Geology
of the central part of the Pavant Range” by Herman Lautenschlager
(written commun., 1952). All available reports were used in the
compilation of the geologic map and as a guide to the geology of the
area.

Information on water rights in the central Sevier Valley was com-
piled and presented in a court decree adjudicating the Sevier River
system by the Honorable LeRoy H. Cox (1936), Judge of the Fifth
Judicial District of the State of Utah.

A soil-survey report for the Richfield area (Wilson and others,
1958) was published by the Soil Conservation Service of the U.S.
Department of Agriculture.

PERSONNEL AND METHODS OF INVESTIGATION

The project was started in July 1956 when R. E. Jackson, hydraulic
engineer, and Kirk Bitter, geologic field assistant, began the fieldwork.
Mzr. Bitter left the project in September 1956, and in October 1956
R. A. Young, geologist, was assigned as project chief. C. H. Carpen-
ter, hydraulic engineer, replaced Mr. Jackson in October 1957. R. D.
Feltis helped with the supervision of the test-drilling program and as-
sisted in examining the drilling samples in 1959 and 1960. L. J.
Bjorklund contributed numerous ideas and much valuable assistance
in the preparation of the manuscript. The project was under the gen-
eral supervision of H. A. Waite, district geologist, from 1956 to 1960,
and of H. D. Goode, acting district geologist, during part of 1960
and 1961.

The project began with the collection of basic data, including in-
formation on wells and springs, water-level measurements, streamflow
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records, geologic data, climatological data, water samples for chemi-
cal analysis, and well logs. Much of the basic data, including well and
spring records, water-level measurements, well logs, and chemical-
quality data were released as a separate report (Carpenter and Young,
1963) and are not included as basic data in this report.

Nearly 700 wells and 26 springs were visited, and, where possible,
water levels, discharge measurements, and water samples for chemical
analysis were obtained. Water levels were measured monthly in a
network of 93 observation wells. Six additional wells were equipped
with automatic water-level recording gages during various stages of
the study. Water samples from 68 wells and springs were collected
and analyzed to provide information on the suitability of the ground
water for irrigation and other uses.

An areal geologic map was compiled in part from published and
unpublished material, and in part by field and photogeologic studies
of the area that had not been previously mapped. Hydrologic maps
were prepared showing streams, areas of flowing wells and phreato-
phyte growth, canals, ground-water-level contours, recharge areas, lo-
cation of wells and springs discussed in the report, and comparative
diagrams of the quality of water.

A test-drilling program, financed through the State Engineer, in
cooperation with the U.S. Geological Survey, by Garfield, Piute, San-
pete, Sevier, and Millard Counties and water users in the area, was
undertaken in 1959-60 to provide information about the depth and
composition of alluvial deposits in the valley fill. The selection of
test-hole sites was made on the basis of convenience, geology, and
maximum coverage. Single holes near the axis of the valley were
deemed sufficient in most areas, but two sets of several test holes
each—one set near Richfield and the other set near Venice—were
drilled to provide information for cross sections of the valley.

Twenty test holes in the valley fill and one in bedrock were drilled
by the rotary method. Cutting samples were obtained for each 10 feet
of hole, and the holes were logged electrically to ascertain the depth
and thickness of the various materials penetrated. The cuttings were
inspected by microscope to determine their type, lithology, origin,
fossil content, and amount of cementation. Water samples for chem-
ical analysis were taken from the test holes where possible. Two of
the test holes were cased and equipped with water-level recording
gages to provide a record of fluctuations.

The data derived from the test drilling include drilling logs, drill-
ing-time logs, electric logs, and sample logs. These data were com-
piled and analyzed to delineate the permeable zones in the valley fill
and to obtain other pertinent information. Analyses of the data per-
mitted an estimate of ground-water storage in the central Sevier Val-
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ley. An open-file report on the test drilling was released in mime-
ograph form (Young, 1960).

Records of streamflow and diversions of irrigation water within the
area were studied and correlated with ground-water levels to deter-
mine the relation of ground water and streamflow in the valley. In
addition, an inflow-outflow study was made in the Sevier-Sigurd basin.

The consumption of ground water by vegetation was estimated on
the basis of area and applied rates of evapotranspiration. Areas and
kinds of vegetation were mapped on aerial photographs and measured
by planimeter. Estimates of water loss by evaporation from open-
water surfaces were made by using available information on reservoir-
surface areas and evaporation rates as determined by the U.S. Weather
Bureau.

Estimates of ground-water discharge from wells, springs, and drains
were based on periodic discharge measurements at selected locations.
Aquifer tests were made at some wells to determine both the hydraulic
properties of the water-bearing materials and the individual well
performance.
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WELL-NUMBERING SYSTEM

The well numbers used in this report indicate the well location by
land subdivision according to a numbering system that was coopera-
tively devised by the Utah State Engineer and G. H. Taylor of the
Geological Survey in about 1935. The system is illustrated in figure 1.
The complete well number comprises letters and numbers that desig-
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8 GROUND WATER, CENTRAL SEVIER VALLEY, UTAH

nate consecutively the quadrant and township (shown together in
parentheses by a capital letter designating the quadrant in relation to
the base point of the Salt Lake Base and Meridian, and numbers desig-
nating the township and range) ; the number of the section ; the quarter
section (designated by a letter) ; the quarter of the quarter section; the
quarter of the quarter-quarter section; and, finally the particular well
within the 10-acre tract (designated by a number). By this system the
letters A, B, C, and D designate respectively the northeast, northwest,
southwest, and southeast quadrants of the standard base-and-meridian
system of the Bureau of Land Management; and the letters, a, b, c,
and d designate respectively the northeast, northwest, southwest, and
southeast quarters of the section, of the quarter section, and of the
quarter-quarter section. Thus, the number (B-2-2)12dcd-2 desig-
nates well 2 in the SE1,SW1,SE1/ sec. 12, T. 2 N., R. 2 W., the letter
B showing that the township is north of the Salt Lake Base Line and
that the range is west of the Salt Lake Meridian ; the number (D-3-2)
34bca-1 designates well 1 in the NE1,SW1,NW1/ sec. 34, T. 3 S, R.
2E.

GEOGRAPHY
PHYSIOGRAPHY AND DRAINAGE

The central Sevier Valley is defined as the part of the Sevier River
valley between the town of Kingston on the south and the Yuba Dam
on the north. The valley is in the High Plateaus section of the Colo-
rado Plateau physiographic province (Fenneman, 1931, p. 295). It is
mostly an alluvium-filled intermontane valley bordered on the east
by the Sevier, Fishlake, Wasatch, and Gunnison Plateaus, and on the
west by the Tushar and Valley Mountains and the Pavant Range
(pl. 2). The Sevier, Fishlake, and Wasatch Plateaus reach altitudes
of more than 11,000 feet, whereas the Tushar and Valley Mountains
and the Pavant Range reach altitudes of more than 12,000, 8,000, and
10,000 feet, respectively. The Gunnison Plateau is more than 10,000
feet above sea level at its north end and slopes southward to merge
with the valley floor near Gunnison at an altitude of 5,100 feet.

The central Sevier Valley is approximately 90 miles long and aver-
ages slightly more than 3 miles wide. The valley ranges in width from
less than 300 feet in Marysvale Canyon to more than 8 miles near Gun-
nison. The altitude of the valley floor ranges from about 5,000 feet at
the north end to about 6,000 feet at the south end. The average valley
gradient ranges from about 4 feet per mile in the wide parts of the
valley to about 40 feet per mile in the steeper, canyon sections.

The valley floor formed by the flood plain of the Sevier River is
very flat laterally. Alluvial fans slope into the valley from the many
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canyons in the mountains that border the valley on each side, and in
many places the fans overlap the flood plain.

The valley is divided by geologic conditions into five individual
ground-water basins: Junction-Marysvale, Sevier-Sigurd, Aurora-
Redmond, Redmond-Gunnison, and Gunnison-Sevier Bridge Reser-
voir. (Seepl.2.) A description of these basins is given in the section,
“Structural features.”

The Sevier River, which drains the valley, rises in the high pla-
teaus of southern Utah above an altitude of 10,000 feet and flows north-
ward through the trough of the Sevier Valley for about 175 miles
before turning westward into the Sevier Desert. The river is fed
along its course by numerous tributaries which drain into it from
the surrounding mountains and plateaus.

CLIMATE

The climate in the central Sevier Valley, according to Kdppen’s
classification (Trewartha, 1954, p. 382), ranges from semiarid on the
valley floor to humid on the mountains and plateaus bordering the
valley. In the valley, relative humidity generally is low, and sun-
shine is abundant, particularly during the suramer months. Wind ve-
locities are usually less than 2 miles per hour and rarely exceed 50
miles per hour.

Climatological stations are maintained by the U.S. Weather Bureau,
and data are published in monthly reports. The principal stations
are at Piute Dam, Richfield, and Salina.

Average annual precipitation ranges from less than 10 inches on the
valley floor to 30 inches or more at the higher altitudes. Because of
sparse precipitation on the valley floor, most crop production is
dependent upon irrigation.

Winter storms are mainly of the cyclonic type. They originate in
the North Pacific Ocean, are general over wide areas, are of moderate
intensity, and last from one to several days. Winter precipitation
usually is snow, particularly on the high mountains and plateaus
where it may accumulate to depths of 10 feet or more and be equiva-
lent to more than 20 inches of rain. During the spring and late
autumn, precipitation generally falls over extensive areas as low-
intensity rain.

During the summer and early autumn, precipitation commonly falls
during high-intensity local thunderstorms of short duration. These
summer storms usually originate from warm moist air moving north-
westward from the Gulf of Mexico.

Comparison of long-term mean monthly precipitation data at Piute
Dam, Richfield, and Salina shows that the south end of the project
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area Teceives more precipitation in the summer and early autumn,
whereas the north end receives more during the winter and spring.

Although the monthly mean precipitation in the valley has only a
small range—for example, mean precipitation at Salina ranges from
0.47 inch in September to 1.08 inches in March—there may be a much
greater range in the precipitation during particular months. Monthly
precipitation on the valley floor may range from 0 to 314 inches, but
in 1 day or within a few hours a thunderstorn1 may yield more than the
mean monthly rainfall.

Precipitation in the central Sevier Valley was below the long-term
mean in the great majority of the years during the period 1948-59.
The effects of this prolonged precipitation deficiency on the camulative
departures from long-term mean annual precipitation, on cumulative
departures from the average annual streamflow, and on year-end
water levels in a key observation well are shown on graphs in figure 2.
Periods of low precipitation, low streamflow, and low water level
generally coincide. The sequence of dry years which resulted in
lessened streamflow has caused irrigators to become increasingly in-
terested in developing ground water in the central Sevier Valley to
supplement surface-water supplies.

The growing season averages about 120 days in the central Sevier
Valley. At Richfield, the number of frost-free days ranged from 45
in 1897 to 171 in 1934 and averaged 121 for the 44 years of record.
The highest temperature in 33 years of record at Richfield was 104° F
and the lowest was —28° F.

Mean-annual evaporation at Piute Reservoir is 55.2 inches. Mean
monthly evaporation ranges from 0.65 inch in January to 11.0 inches
in July (U.S. Weather Bur. written commun. 1958). These evapora-
tion rates are regarded as being representative of the project area,
although total evaporation probably is slightly greater at the north
end of the area.

VEGETATION

Native vegetation in the central Sevier Valley includes desert to
alpine species. The uncultivated lands of the valley floor support
mainly saltgrass (Distichlis stricta), rabbitbrush (Chrysothamnus
nauseosus), greasewood (Sarcobatus vermiculatus), willows (Saliz
sp.), and sagebrush (Artemisia tridentata). The alluvial fans and
foothills up to an altitude of about 7,000 feet support mainly sage-
brush, juniper (Juniperus sp.), scrub oak (Quercus sp.), mountain-
mahogany (Cercocarpus sp.), and Pinyon pine (Pinws edulis). Above
an altitude of 7,000 feet are mainly aspen (Populus tremuloides aurea),
ponderosa pine (Pinus ponderosa), spruce (Picea sp.), and Douglas-
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fir (Pseudotanga taxifolia), all of which are particularly prolific on
the mountain slopes having northern exposure. Along all stream
channels in the valley, willows and cottonwood trees (Populus sp.) are
the principal vegetation.

Saltcedar (Zamariz sp.), which is not native to the area, grows
profusely on wet uncultivated lands and along stream and canal banks.
Tt is of considerable interest in the central Sevier Valley because it is
a rapidly spreading phreatophyte which consumes a relatively large
amount of water.

POPULATION, AGRICULTURE, AND INDUSTRY

The largest community in the project area is Richfield, 165 miles
south of Salt Lake City. The population of Richfield in 1950 was
about 4,200, and in 1960 it was 4,400. The total population of the
project area in 1950 was about 16,000, and in 1960, about 13,000. Most
of the residents are engaged in agriculture and related activities, but
they live in towns and villages rather than on farms. The principal
crops grown on the cultivated and irrigated lands are sugar beets,
alfalfa, small grains, corn, and potatoes. Sheep and cattle raising is
also an important part of the agricultural economy of the area.

Mining contributes much to the economy of the central Sevier Val-
ley. Two large wallboard plants utilize gypsum mined in the hills
east of Sigurd. Mining of uranium and alunite is centered in and near
the Tushar Mountains. Rock salt and bentonite are mined near Red-
mond, and bentonite is mined west of Aurora.

GEOLOGY

GENERALIZED STRATIGRAPHY

The consolidated rock formations exposed in the mountains sur-
rounding the central Sevier Valley include most of the formations
found in southern Utah from the Coconino Sandstone of Permian age
to the Sevier River Formation of Pliocene or Pleistocene age. In the
area shown on the geologic map (pl. 1), however, the oldest formation
exposed is the Navajo Sandstone. Formations older than the Navajo
have little or no effect on the ground-water potential in the central
Sevier Valley.

The unconsolidated rocks that make up the fill in the central Sevier
Valley flat are of Pleistocene and Recent age. They are the source of
practically all the ground water obtained from wells in the central
Sevier Valley.

The generalized geologic section in table 1 names and briefly de-
scribes the formations shown on plate 1, tells where they are exposed,
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TABLE 1.—Generalized geologic section in the central Sevier Valley

Sys- Series Geologic unit | Description and location | Thickness ‘Water supply
tem (feet)

Poorly to well-sorted 0-800+ | Poor to excellent.
clay, silt, sand, gravel, Yields large quantities
and bouiders. In- of water to wells where
cludes alluvial-fan ma- clean sand or gravel is

Alluvium terial. Found on the penetrated. Artesian
valley floor in stream conditions exist where
courses and in depres- near-surface clays con-
sions on the plateaus. fine water in under-

lying permeable de-
posits.

Unsorted slide material 0-400+ | Poor because of lack of

Landslide derived from steep sorting, but infiltra-

Pleistocene deposits slopes. Found prin- tion of surface water
an cipally along the Se- may be induced be-
Recent vier fault. cause of hummocky

surfaces.

Partly sorted sand and 0-50 Generally well drained,
gravel deposits along but some of the larger
present and former bodies yield water to

Terrace stream courses. Ex- shallow wells and to

gravel ist in Marysvale area, springs.
between Joseph and
Monroe, and in Red-
mond Hills.

Fanglomerate deposit 0-800 Poor to moderate. Be-

consisting of silt,sand, cause of low permea-
avel, cobbles, and bility, functions as
oulders derived from confining medium
adjacent highlands by where it is underlain
X torrential runoff; very by permeable forma-
Pliocene or Sevier River poorly sorted. In- tions. A few wells de-
N Pleistocene Formation cludes Axtell Forma- rive small amounts of
=) tion of Spicker (1949, water from this for-
E| p.38). Exposed along mation.
8 flanks of Sevier Valley
E and in basins on the
& plateaus.

Quartz diorite, quartz Permeability relatively
monzonite, and mon- low. Does not yield
zonite intrusive into ground water to wells.

Intrusive Bullion Canyon Vol-
rocks canics. Exposed in
Marysvale Canyon
area and on Sevier

Plateau.

Miocene(?) Latitie, basaltic, and | 7,000-13,000 | Permeability mostly rel-
and Plio- rhyolitic flows, tuffs, atively low, but the
cene(?) and agglomerates, in- Dry Hollow Forma-

cluding associated py- tion and some undiffer-
roclastic sedimentary entiated basaltic flows
rocks. Include Joe are a source of water

Volcanic Lott Tuff, Mount for many springs.

rocks Belknap Rh]%olite,
Dry Hollow Forma-
tion, Roger Park Ba-
saltic Breccia, and
Bullion Canyon Vol-
canies. Underlies
much ofsouthern two-
thirds of project area,
Evenly bedded tuffa- 2004 | Good to poor. Contains
ceous sandstone con- beds of friable glassy
. taining pyroclastic sands which are ex-
Dipping Vat fragments and sparse tremely permeable.
Eocene Formation lenses of clay and silty ‘Wells are not known
of McGookey limestone. Exposed to penetrate this for-
(1960) along margins of Sev- mation.

ier Valley north of
Richfield and in Red-
mond Hills.
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TABLE 1.—Generalized geologic section in the central Sevier Valley—Continued

Sys- Series Geologie unit | Description and location| Thickness ‘Water supply
tem (feet)

Pastel-colored clay, silt- 600-1,000 | Poor. Water was not
stone, sandstone, lime- found in a 920-ft section
stone, and pyroclastics of this formation pene-
that were deposited in trated by well (C-21-1)

Eocene or Bald Knoll lakes.  Very poorly 18daa-1." This forma-
Oligocene Formation consolidated. Erodes tion may confine water
of Gilliland to badlands by sheet- in the underlying
(1951) washinﬁ. Exposed on Crazy Hollow Forma-
west edge of valley tion in the Pavant
from Flat Canyon to Range.
Bald Xnoll Canyon
and in the east side in
the Salina Canyon
area.

Red and orange sand- 300-1,000 | Good in sandstone, but
stone, siltstone, and formation is too deep
shale, light-gray sand- beneath the floor of the

Crazy Hollow stone, and salt-and- valley for present de
Formation pepper sandstone. Di- velopment. Richfield
of Spieker agnostic guide is occa- Spring (C-23-3)26aca,
(1949) sional chert pebble in issues from this forma-
sandstone. Exposed tion.
on east and west mar-
> gins of valley north of
& Richfield.
E Massive to thin-bedded 400-1,200 | May yield water where
= white to yellowish- joints or solution cavi-
gray limestone and ties are developed in
green to grayish-green the limestone member.
Green River shale. Exposed from
Formation Richfield north in
Pavant Range, in Val-
ley Mountains, and
in Wasatch and Gun-
nison Plateaus.
Eocene
Evenly bedded brown- 0-1,600 | Permeability relatively
ish-red shale and sand- low.
Colton stone. Exposed from
Formation Salina north in Valley
Mountains and in
Wasatch and Gunni-
son Plateaus.

‘White to red massive 100-1, 500 | Wells are not known to

to thin-bedded lime- penetrate this forma-

Paleocene Flagstaft stone, siltstone, and tion, although it yields
and Limestone sandstone. Exposed about 1,900 gallons per
Eocene(?) from Richfield north minute to Fayette
in both sides of valley. Spring, (D-18-1)19dab,

from a solution cavity.

Yellow-brown sand- 500-2,800 | Yields water to wells

Paleocene stone with minor gray adjacent to the project
and North Horn and red shale and area where formation
Upper Cre- Formation some conglomerate. is fractured by faulting.
aceous Exposed in fault block
) east of Gunnison.
=3
8 Buff sandstone to red | 800-2,000 | Wells are not known to
.:3; Price River boulder conglomerate. penetrate this forma-
et Formation Exposed in Gunnison tion.
o Upper Plateau.
Cretaceous
Sandstone and coal- | 7,000-15,000 | Wells are not known to
Indianaola bearing shale. Ex- penetrate this group.
Group posed in fault block

east of Gunnison.
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TABLE 1.—Generalized geologic section in the central Sevier Valley—Continued

Sys- Series Geologic unit | Description and location | Thickness Water supply
tem (feet)
Red coarse sandstone 1,800-£| Wells are not known to
Morrison(?) and conglomerate. penetrate this forma-
Formation Exposed in fault block tion.
east of Gunnison.

Red and gray shale and 10,000==| Permeability low. This
red and gray fine- formation prevents
grained sandstone ground water move-

2 containing inter- ment from the Wa-
% Upper bedded salt and satch and TFishlake
st Jurassic gypsum. Exposed in Plateaus to the valley
- east side of valley fill. It contributes
Arapien Shale north of Glenwood, large amounts of chlor-
in Redmond Hills, in ide and sulfate to water
hills west of Gunni- in the fill along the
son, and in small out- east side of the valley
crops southwest of from Glenwood to
Marysvale. Gunnison and in the
vicinity of the Red-

mond Hills.

Red to white ‘cross- Unknown | Generally permeable.

e Navajo bedded sandstone.
=1 Sandstone Caps the top of the
g upthrown block west
= of the Tushar fault.
[

and gives an estimate of their water-yielding potential. In general,
most of the consolidated formations lie too deep beneath the valley
fill for present ground-water development.

STRUCTURAL FEATURES
FAULTING

The central Sevier Valley floor occupies a synclinal trough modified
by a graben formed by the two largest faults in the area, the Sevier
fault on the east and the Elsinore fault on the west. (See pl.1.) The
Sevier fault, a normal fault downdropped on the west, forms the west
edge of the Sevier Plateau. The fault can be traced from northern
Arizona to Glenwood in the central Sevier Valley of Utah, but it prob-
ably extends northward to the vicinity of Sigurd. Throw on this fault
ranges from a few hundred feet near Glenwood to nearly 6,000 feet
near Monroe. The Elsinore fault, a normal fault downdropped on
the east, can be traced along the west side of the valley from Elsinore
to the area west of Aurora. The throw of the fault ranges from about
500 to 1,000 feet, but at least half of the fault scarp is buried beneath
the alluvium of the valley. Faults along the east side of the Valley
Mountains may possibly be a northward continuation of the Elsinore
fault.

The Tushar fault contributes to the formation of the graben in the
southern part of the central Sevier Valley. (See pl. 1, cross section
A-A’.) The fault trends northwestward across Piute Reservoir. The
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southwest side is uplifted at least 4,000 feet in its northern part, but
the displacement decreases to the southeast.

Many smaller normal faults also are in the area. The Dry Wash
fault extends northeastward from Dry Wash, a southern tributary of
Clear Creek near Sevier, and forms the west edge of the low range of
hills between Joseph and Monroe. Throw on the Dry Wash fault
ranges from 400 to 500 feet, and the downdropped side is on the west.
(See pl. 1, cross section B—B’.) The hills and plateaus surrounding
the central Sevier Valley floor are cut by numerous normal faults,
many of which are part of the larger north-trending fault zones;
other faults trend approximately east and west across the major faults.

Thrust faulting is less common than normal faulting in the central
Sevier Valley. Spieker (1949, p. 53) reported a series of strip thrusts
in the area east of Redmond which involve the Arapien, Flagstaff,
Colton, Green River, and Crazy Hollow Formations. (See pl. 1, cross
section D-D".)

VALLEY BASINS

Faulting, volcanism, intrusions, and stream action have shaped the
valley floor and created several basins within the main central Sevier
Valley graben. (See pl. 1, longitudinal section £-£".) The Sevier
River and its tributaries have deposited more than 800 feet of partly
sorted alluvium in some of the basins, and this alluvium is the main
source of ground water in the central Sevier Valley.

JUNCTION-MARYSVALE BASIN

The segment of the central Sevier Valley from the constriction of
the valley at Kingston to the head of Marysvale Canyon is called the
Junction-Marysvale basin. (See pl. 2.) The basin is divided into
two subbasins by a bedrock constriction in the valley near Piute Dam
(sec. 3, T. 29 S., R. 3 W.) : one subbasin is in the vicinity of Junc-
tion and Kingston, and the other extends from Piute Dam to the head
of Marysvale Canyon.

The subbasin above Piute Dam is a small alluvium-filled basin that
has an area of about 3 square miles. Bedrock is at or close to the sur-
face throughout this subbasin, and the alluvium has a maximum thick-
ness of about 80 feet. Test hole 21, (C-30-3)16 bab,! penetrated 81
feet of alluvium overlying a tuff.

The subbasin between Piute Dam and the head of Marysvale Canyon
is cut in volcanics, the Sevier River Formation, and terrace deposits
on both sides of the valley. The subbasin is 12 miles long and ranges
in width from 100 yards to 1 mile. The intrusive barrier formed by
the Antelope Range at the north end of this subbasin slowed the flow

1 See pl. 5 for location of wells, springs, and test holes referred to in this report.
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of the Sevier River, thereby causing the deposition of sediments. The
maximum thickness of the sediments, however, is not known.
Downstream from the Junction-Marysvale basin, the river flows
through a steep-sided narrow gorge known as Marysvale Canyon.
The canyon is approximately 8 miles long, and its floor ranges in width
from about 300 feet in many places to more than 2,000 feet in a few
places. All parts of the canyon are covered with alluvium, which is

generally thin,
SEVIER-SIGURD BASIN

The segment of the central Sevier Valley from the mouth of Marys-
vale Canyon near the town of Sevier to a constriction in the valley
at Rockyford Reservoir (sec. 30, T.22 S.,R.1 W.) is called the Sevier-
Sigurd basin. The constriction is formed by a lava body on the
east and by an uplifted block, overlain by unsorted alluvial-fan mate-
rial from North and South Cedar Ridge Canyons, on the west. The
basin, which is formed in a graben, is 25 miles long and ranges in width
from 2 to 5 miles. The alluvium has a maximum thickness of more
than 800 feet at Venice. Along the axis of the basin, the alluvium
increases in thickness from a feather edge at the mouth of Marysvale
Canyon to more than 800 feet at Venice and then decreases in thick-
ness to 280 feet west of Rockyford Reservoir.

AURORA-REDMOND BASIN

The segment of the central Sevier Valley from Rockyford Reser-
voir to the southernmost margin of the Redmond Hills anticline is
called the Aurora-Redmond basin. It is 9 miles long and averages 3
miles in width. Across the basin the alluvium ranges in thickness from
a feather edge on the valley margins to more than 660 feet east of
Aurora. Along the axis of the basin, the alluvium increases in thick-
ness from a feather edge at the Redmond Hills to 200 feet west of
Salina and to a known maximum of 660 feet east of Aurora; it then
decreases in thickness to 360 feet north of Rockyford Reservoir. The
basin contains at least three layers of clay that appear to have been
laid down by the Sevier River and its tributaries in lakes or ponds
created by the obstruction formed by the Redmond Hills anticline.

REDMOND-GUNNISON BASIN

The Redmond-Gunnison basin is a Y-shaped depression; its north-
west leg extends down the Sevier Valley to about 3 miles northwest
from Gunnison, and its northeast leg extends about 7 miles up the San
Pitch River northeastward from Gunnison to the Gunnison Reservoir.
The basin is 12 miles long and ranges in width from 3 to 8 miles. The
downstream boundaries are marked by the northernmost outcrops of
the Arapien Shale in the project area. These outcrops are near the
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Gunnison Reservoir dam and also about 2 miles west of Gunnison.
(See pl. 1.) The outcrop of Arapien Shale west of Gunnison marks
the probable northern limit of the Redmond Hills anticline which
underlies the western part of the valley. Across the basin the alluvium
ranges in thickness from a feather edge along the valley margins to
120 feet abont 2 miles west of Centerfield and to 250 feet in the Willow
Creek alluvial fan near Axtell. Along the valley bottom the alluvium
ranges in thickness from a feather edge at the Redmond Hills and at
the Gunnison Reservoir dam to 50 feet along the San Pitch River
channel, to 120 feet west of Centerfield, and to a known maximum
of 320 feet about 3 miles west of Gunnison.

GUNNISON-SEVIER BRIDGE RESERVOIR BASIN

The Gunnison-Sevier Bridge Reservoir basin extends from 3 miles
northwest of Gunnison to the Yuba Dam (sec. 1, T. 17 S,, R. 2 W.).
The basin is about 18 miles long and averages about 3 miles in width.
The basin consists of two subbasins, one above and one below the
Sevier Bridge Reservoir narrows (sec. 27, T. 17 S,, R. 1 W.). (See
pl. 2.) Across the upper subbasin the alluvium ranges in thickness
from a feather edge at the valley margins to 500 feet near Fayette.
Along the axis of the subbasin, the alluvium increases in thickness
from a feather edge at the Sevier Bridge Reservoir narrows to 500
feet near Fayette and then decreases to 320 feet 8 miles northwest of
Gunnison. The alluvium in the upper subbasin appears to consist of
fine-grained material which was deposited in a lake retained by a bed-
rock constriction across the valley at the Sevier Bridge Reservoir
narrows. Little is known of the extent and thickness of the valley fill
in the lower subbasin because this part of the valley is usually covered
by water in the reservoir. The alluvium is probably thin, however,
because bedrock is exposed at the extreme downstream end of the
reservoir in the vicinity of the Yuba Dam.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

PRE-QUATERNARY DEPOSITS

The pre-Quaternary deposits are exposed mainly in the mountains
and plateaus bordering the central Sevier Valley floor (pl. 1). These
deposits consist largely of consolidated sedimentary and igneous rocks
which accept recharge but do not yield water readily to wells and
springs. Most of the pre-Quaternary formations underlying the al-
luvial fill in the valley are too deep beneath land surface for considera-
tion as sources of water. A few formations, however, do yield water
to wells in the valley and to springs at the edges of the valley floor.



GEOLOGY 19
SEDIMENTARY ROCKS

The most permeable pre-Quaternary water-bearing sedimentary
rocks in the project area are the Navajo Sandstone, the North Horn
Formation, the Flagstaff Limestone, the Crazy Hollow Formation of
Spieker (1949), the Dipping Vat Formation of McGookey (1960),
and the Sevier River Formation. The formations that generally are
least permeable are the Arapien Shale, the Morrison(?) Formation,
the Indianola Group, the Price River Formation, the Colton Forma-
tion, the Green River Formation, and the Bald Knoll Formation of
Gilliland (1951).

Navajo Sandstone—The Navajo Sandstone, of Triassic(?) and
Jurassic age, generally is very permeable, but it lies too deep beneath
the floor of the central Sevier Valley to be of importance as a source
of water. The only place in the project area where the Navajo is ex-
posed at the surface is in the upthrown block west of the Tushar fault,
southwest of Marysvale. (Seepl.1.)

North Horn Formation.—The North Horn Formation, of Late Cre-
taceous and Paleocene age, consists mainly of sandstone interbedded
with some conglomerate and shale. It is exposed mainly in the Pavant
Range and Valley Mountains and in the Wasatch and Gunnison Pla-
teaus. Where it is fractured, the formation readily yields water to
wells. Several wells have obtained large yields from this formation
in areas adjacent to the project area. The North Horn lies too deep
beneath the central Sevier Valley floor, however, for present considera-
tion as a source of water.

Flagstaff Limestone—The Flagstaff Limestone, of Late Paleocene
and Early Eocene(?) age, consists of limestone, siltstone, and sand-
stone. It is exposed in the Pavant Range and Valley Mountains and
in the Wasatch and Gunnison Plateaus. The Flagstaff is a good aqui-
fer where it contains solution channels. No wells are known that pene-
trate the limestone, but many springs discharge from it in the Wasatch
and Gunnison Plateaus. Fayette Spring, (D-18-1)19dab, has an
average discharge of about 1,900 gpm (gallons per minute) from
solution channels in the Flagstaff, and the flows from this spring and
from others maintain the base flow of several streams that are tribu-
tary to the Sevier River.

Orazy Hollow Formation of Spicker (1949).—The Crazy Hollow
Formation of Spieker (1949), of late Eocene age, consists mostly of
sandstone, and it is exposed in isolated spots bordering the east and
west sides of the valley north of Richfield. The formation is relatively
permeable, but it lies too deep beneath the valley floor for present
consideration as a source of water. Richfield Spring, (C-23-3)26aca,
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is reported to yield about 1,400 gpm from the Crazy Hollow where the
eastward dipping formation is offset by the Elsinore fault.

Dipping Vat Formation of McGookey (1960).—The Dipping Vat
Formation of McGookey (1960), of Eocene age, is an evenly bedded
tuffaceous sandstone with spare lenses of clay and silty limestone and
beds of friable glassy sand which are apparently very permeable.
This formation is exposed along the margins of the valley north of
Richfield and in the Redmond Hills. Although the Dipping Vat is
not believed to be a significant water-bearing formation, it does accept
recharge and transmit water to the valley fill.

Sevier River Formation.—The Sevier River Formation, of late
Pliocene or early Pleistocene age, underlies the central Sevier Valley
floor and is exposed nearly the whole length of the valley in places on
both the east and west margins. It is generally a fanglomerate con-
sisting of silt, sand, gravel, cobbles, and boulders which are very poorly
sorted. Some permeable zones in the formation yield small to moder-
ate amounts of water to domestic and stock wells. The formation
yields water to many small springs and seeps along the bluffs on the
west side of the valley between the mouth of Tenmile Creek and
Marysvale at the contact between the Sevier River Formation and an
underlying impermeable volcanic tuff. A narrow stand of willows,
greasewood, and grass along the contact marks the seepage area. In
other areas, where this contact is not exposed, water moving through
the Sevier River Formation discharges directly into the alluviumj;
where the Sevier River Formation is underlain by more permeable
formations, it acts as a confining medium.

IGNEOUS ROCKS

Igneous rocks of Miocene(?) and Pliocene(?) age underlie exten-
sive tracts in the southern two-thirds of the project area in the Pavant
and Antelope Ranges and Tushar Mountains and in the Sevier and
Fishlake Plateaus. The igneous rocks are designated on the geologic
map (pl. 1) as intrusive rocks and as volecanic rocks. The intrusives
and most of the extrusives are very poor aquifers. Some extrusive
volcanic rocks, however, yield water to springs. Only a few wells have
been drilled into the Tertiary volcanic rocks because of rugged terrane,
cost, and the uncertainty of penetrating water-yielding zones. The
extrusive volcanic rocks that are most likely to yield water are the
Dry Hollow Formation and some of the basalt flows.

Dry Hollow Formation—The Dry Hollow Formation, of Plio-
cene( ?) age, contains joints, cracks, and elongate vesicles which per-
mit movement of water. Springs throughout the Pavant Range and
Tushar Mountains and on the Sevier and Fishlake Plateaus discharge
water from this formation and furnish water to maintain the base
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flow of many streams such as Clear Creek, Monroe Creek, and Lost
Creek. The municipal supplies for Joseph, Elsinore, Monroe, and
Salina come from springs issuing from the Dry Hollow Formation.

Basalt flows—Some of the undifferentiated basalt flows in the proj-
ect area consist of blocks of basalt separated by large openings through
which water can readily move. Many contact springs issue from the
basalt where the basalt overlies relatively impermeable formations.
Glenwood Spring, (C-23-2)36cbd, Parcell Creek Spring, (C-23-
2)25¢cca, and Indian Creek Spring, (C-23-2)25bdb, issue from the
basalt at its contact with the underlying Arapien Shale.

QUATERNARY DEPOSITS
TERRACE GRAVEL

Terrace gravel covers benches from Piute Dam to the head of Marys-
vale Canyon between the base of the Tushar Mountains and the Sevier
River, and it forms terraces on the north end of the hills between Mon-
roe and Joseph and on the flanks of the Redmond Hills. The gravel
was deposited by the ancestral Sevier River and its tributaries.

The gravel deposits on the benches south of Marysvale range from
a featheredge to 50 feet in thickness, and they overlie the Sevier River
Formation and a white tuffaceous clay of Tertiary age. The gravel
contains materials ranging in size from fine sand to boulders 12 inches
or more in diameter; and it consists mainly of volcanic fragments
derived from the surrounding mountains, although it includes some
quartzite, limestone, and shale pebbles. The particles of sedimentary
origin are well rounded, and they were probably reworked from gravel
that underlies the lavas in the central Sevier Valley area. The gravel
derived from voleanic rocks is subangular to well rounded. Sorting is
poor.

The terrace gravel south of Marysvale generally is well drained by
springs issuing along the contact between gravel and the underlying
formations, but it yields small amounts of water to a number of shal-
low stock and domestic wells on the bench.

The terrace gravel between Monroe and Joseph forms three terraces
on the hills and blends into the alluvium down the slope. As in the
Marysvale area, this gravel is derived mainly from voleanic rocks, and
it is poorly sorted. It contains particles that range in size from fine
sand to small cobbles. This gravel is not tapped by wells, and its
water-yielding potential is unknown. Springs do not issue along the
base of the gravel because water in the gravel is able to move down-
slope into the younger alluvium.

The terrace gravel on the Redmond Hills was raised to its present
position by the uplift of underlying materials. It consists mainly of
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rocks of voleanic origin; but in the southern part of the Redmond
Hills, the gravel contains a large percentage of black chert pebbles
which are 14-114 inches in diameter. The gravel contains particles
ranging in size from fine sand to cobbles which are 6-8 inches in
diameter. Sand lenses alternate with sandy gravel lenses; some of
the beds contain layers of clay and clay balls, ranging from 14 to 3
feet in thickness, derived from the clays exposed in the center of the
Redmond Hills, and in places the beds are cemented by caliche. Water
in the terrace gravel on the Redmond Hills drains directly into the
alluvium; hence, the gravel has little potential as a ground-water
reservoir in the areas of exposure.

LANDSLIDE DEPOSITS

Three large landslides are shown on the geologic map (pl. 1). They
consist of boulders and blocks of lava which have broken from the
scarp of the Sevier fault and moved down slope. The original soil
mantle and weathered material from the clastic beds within the vol-
canics forms the finer parts of the slides and fills the spaces between
the blocks. The surfaces of the slides are irregular and contain many
small depressions which provide opportunity for infiltration of water.
Springs along the toe of some of the slides indicate that the slides have
some internal drainage, but because of poor sorting the slide material
probably would not yield water readily to wells.

ALLUVIAL DEPOSITS OF PLEISTOCENE AND RECENT AGE

The alluvium of Pleistocene and Recent age overlies the consolidated
rocks in the central Sevier Valley floor throughout an area of about 300
square miles. These deposits include poorly sorted silt, sand, and
gravel laid down in alluvial fans and well-sorted gravel, sand, silt, and
clay deposited in lakes and basins. The deposits, as determined by
test drilling, differ in thickness from basin to basin.

The alluvium is derived from consolidated rock formations in the
uplands that surround the valley. South of Richfield, on the west side
of the valley floor, and south of Lost Creek, on the east side, most of the
alluvium is derived from voleanic rocks. North of these two localities
the deposits consist mainly of material derived from sedimentary
rocks.

The alluvial fans extend into the valley from the mouths of side
canyons. They contain material ranging in size from fine sand to
boulders several feet in diameter; and, because of their high permea-
bility, the fans constitute excellent areas for recharge.

The well-sorted stream deposits are the best aquifers in the central
Sevier Valley. The basins containing the largest deposits of well-
sorted alluvium are Sevier-Sigurd, Aurora-Redmond, and Gunnison—
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Sevier Bridge Reservoir, whereas Junction-Marysvale and Redmond-
Gunnison contain lesser amounts. All these basins contain layers of
gravel, sand, silt, and clay of varying thickness.

The fill in the Sevier-Sigurd basin has a maximum known depth of
more than 800 feet, in well (C—23-2)10dce-1; and it consists of inter-
bedded silt, sand, and gravel, with the coarser material predominant
in the eastern half of the basin (pl. 3). The gravel ranges in texture
from very fine to very coarse, and it yields water freely to wells. About
50 percent of the alluvium in this basin is highly permeable.

The valley fill in the Aurora-Redmond basin consists of lacustrine
deposits containing gravel, sand, silt, and clay. These deposits are
more than 660 feet thick east of Aurora; they are fairly continuous;
and they yield water freely to wells. About 60 percent of the alluvium
in this basin is highly permeable.

The alluvium in the Gunnison-Sevier Bridge Reservior basin has a
maximum known thickness of about 500 feet, near Fayette. Particles
in the fill range in size from clay to gravel 1 inch in diameter; beds
are fairly continuous; and the coarser materials are highly permeable.
Although some of the sediments were deposited in Pleistocene lakes
and are fine grained, about 40 percent of the deposits in this basin are
highly permeable and would yield large amounts of water to wells.

The Junction-Marysvale and Redmond-Gunnison basins contain
lesser amounts of permeable alluvium. The alluvium in the Redmond-
Gunnison basin consists mainly of poorly sorted gravel, sand, silt,
and clay. A strip about 1 mile wide along the Sevier River and a
small section along the lower San Pitch River channel also contain
gravel, in which the pebbles have a maximum diameter of 1 inch.
These gravels yield moderate amounts of water to wells. The alluvium
averages about 200 feet in thickness throughout most of the Redmond-
Gunnison basin, and about 30 percent of the fill is highly permeable.

Little is known about the thickness, sorting, character, and water-
yielding properties of the alluvium in the Junction-Marysvale basin.
Few well logs are available, and only one test hole was drilled. The
similarity of the surface features of this basin to those of the other
basins suggests that several hundred feet of sediments may be present.
Such a thickness of sediments undoubtedly would have some water-
yielding zones. The one test hole drilled in the Junction-Kingston
vicinity penetrated 80 feet of alluvium, of which about 50 percent was
fairly permeable.

WATER RESOURCES

HISTORY AND DEVELOPMENT

The first settlements in the central Sevier Valley were established
about 1850, and most irrigation canals and ditches were constructed
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by 1865. Irrigation development reached a maximum about 1920. As
early as 1878 it was recognized that streamflow in the river was highly
variable and that reservoirs would have to be constructed to use the
water resources to best advantage. Controversies ensued over water
rights as early as 1886, and many court decrees defining the rights on
the Sevier River have been recorded. The most comprehensive and
most recent is the Cox Decree of 1936 (Cox, 1936), which included
the water rights on the entire Sevier River system. This decree was
based largely upon field surveys by the Utah State Engineer and upon
records of streamflow and water use made by the Sevier River Water
Commissioners in cooperation with the U.S. Geological Survey.

Most of the data on water supply from the Sevier River have been
collected since 1914, although there were many court decrees concern-
ing water rights on the river before that time. During 1914 the
U.S. Geological Survey and the Utah State Engineer agreed to in-
stall a stream-gaging network, part of which has been in operation
since that time. All streamflow and reservoir records through 1960
have been summarized in two publications by the U.S. Geological Sur-
vey (1960, 1963).

Gaging stations maintained by the U.S. Geological Survey (U.S.
Geol. Survey, 1958, p. 117-134) in 1960 in and near the central Sevier
Valley are shown on plate 4 and are described as follows:

Station Location
Sevier River near Kingston__.__________ NE14NW14 sec.16,T.30 S, R.3 W.

East Fork Sevier River near Kingston___ SW%NW% sec.13, T.30S., R.3 W.
Sevier River below Piute Dam, near

Marysvale_ oo . NW1,.SE14 sec. 34, T.28S,,R. 3 W.
Clear Creek above diversions, near

Sevier — - NW1SW1/ sec. 31, T.25 8., R. 4 W,
Sevier River near Sigurd-______________ SW14 sec.19,T.228,,R.1 W.
Sevier River below San Pitch River,

near Gunnison NE14 sec. 14, T.19S,R.1W.
Sevier River near Juab (below Sevier

Bridge Reservoir) . _______ SEY sec. 35, T.16 S,,R.2W.

The annual flow at the gaging stations on the Sevier River by water
year since 1920 is shown in figure 3.

Annual reports on the distribution of the water of the river for most
years have been prepared for the State Engineer by the Sevier River
Water Commissioners and the U.S. Geological Survey. The records
available since 1914 have been studied by engineers, lawyers, agricul-
turalists, and economists for planning the orderly use of water in
the central Sevier Valley.

It became apparent soon after irrigation began in the central Sevier
Valley that much of the water diverted and used for irrigation returned
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to the river as discharge from springs and seeps, and made additional
water available for diversion downstream. Return flow to the Sevier
River is indicated by the increase in the flow of the river below the
Annabella Canal diversion dam, Vermillion Canal diversion dam, and
Rockyford Dam. These dams are shown on plate 5. The entire flow
of the river is diverted at each of the dams at times during the irriga-
tion season. In some reaches downstream from the dams, the increase
in river flow during low-water periods is as much as was diverted at
the dams.

The Cox Decree specified rights to ground water originating from
springs, drains, and some wells. The well rights established in the
decree are for irrigation wells only. Many other well-and-drainage
water rights that include ground water for domestic, stock, industrial,
and irrigation use are on file with the Utah State Engineer.

The Cox Decree made little mention of ground-water development
from wells because it was assumed that unappropriated ground water
did not exist in the central Sevier Valley. This assumption has per-
sisted and has been a primary factor in the prevention of the large-
scale development of ground water. Applications to the State Engi-
neer for domestic and stock wells (limited to 6.75 gpm) have been
approved, but requests for larger wells for irrigation have usually
been refused.

SURFACE WATER

Surface water enters the central Sevier Valley from the Sevier
River and two small canals near Kingston and from tributaries to
the river within the valley. Surface water leaves the central Sevier
Valley at Yuba Dam. Within the valley, surface water is stored
principally in two reservoirs and is diverted from the river and from
main tributaries by numerous canals. The complex system of diver-
stons makes it difficult to consider fully any one part of the surface-
water system without considering the rest; but each part will be
discussed in turn, and then the effects of tributaries, main stem, and
diversions on the regimen of the full surface-water system will be

presented.
SEVIER RIVER

The Sevier River is fed chiefly from sources in the high plateaus
south of the project area. Within the central Sevier Valley the river
receives water from intermittent and perennial flow of tributary
streams and from ground-water discharge, including return flow of
water diverted from the river for irrigation. During 1914-59 the
average annual inflow to the central Sevier Valley in the Sevier
River near Kingston was 97,000 acre-feet, and the average annual
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outflow below Yuba Dam during 1911-59 was 173,000 acre-feet. The
annual flow at these and other stations on the Sevier River is given
in figure 3.

TRIBUTARIES

Runoff is intermittent in many of the tributaries of the Sevier
River. The tributaries are fed almost entirely by precipitation on
mountain watersheds, principally in the form of snow, and runoff
is heaviest in late spring and early summer.

The perennial tributaries are sustained by precipitation, reservoir
releases, and ground-water discharge. The drainage basins of the
principal perennial tributaries range in area from 13 square miles
for Deer Creek to 1,260 square miles for East Fork Sevier River,
and the tributaries range in length from 6 miles for Water Canyon
Creek to 75 miles for East Fork Sevier River. Table 2 lists the prin-
cipal perennial streams entering the central Sevier Valley and gives
information as to the approximate extent of the drainage areas, the
water-storage facilities, the use and disposition of the water, and
the discharge data.

Only during periods of spring runoff does any appreciable amount
of streamflow reach the Sevier River from tributaries other than
East Fork Sevier River, Clear Creek, Lost Creek, and Salina Creek.
Many other tributaries contribute small quantities of water to the
Sevier River, but the amount is not known. Much water in the tribu-
taries does not reach the Sevier River because it is diverted and used
for irrigation. Some of the diverted water, however, returns to the
streams below diversion points as return flow from irrigation. (See
table 2.)

The pattern of flow fluctuation above diversions in all perennial
streams in the area is similar in that it increases owing to snowmelt
usually early in spring, reaches a peak flow in late spring, and then
recedes to base flow, which it usually reaches at midsummer. During
the remainder of the year—late summer, fall, and winter—the stream-
flow depends mostly on ground-water discharge and is more consistent.
Periods of excessive precipitation and drought increase and decrease
both the snowmelt runoff and the base flow. The general pattern of
flow fluctuation of perennial streams in the central Sevier Valley
isillustrated in figure 4 by the hydrograph of Clear Creek.

RESERVOIRS

The total surface-water storage capacity within the project area
is about 312,000 acre-feet. Piute Reservoir, constructed below the
confluence of the East Fork Sevier River and the Sevier River in
1910, has a maximum capacity of about 74,000 acre-feet. Rockyford

T48-957—64——3
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TABLE 2.—Principal perennial streams entering the ceniral Sevier Valley

{See pl. 5 for location of streams]

Approxi- | Approxi-
mate mate Direct contribution to the
Stream drainage | length Sevier River Remarks
area (miles)
(sq mi)

Sevier River near 1,110 50 | Average annual flow near

Kingston. Kingsto1, 1914-59, 97,000
acre-feet. X

East Fork Sevier 1,260 75 | Average annual flow near | Otter Creek Reservoir, capacity
River near Kingston, 1913-59, 60,670 52,600 acre-feet, and several
Kingston, acre-feet (85 cfs), most of smaller reservoirs store and

which reaches the Sevier regulate water. Many diver-
River, sions for irrigation include one
transmountain diversion.

City Creek. ... 20 10 | During the nonirrigation | Entire flow used for irrigation in
season and periods of high vicinity of Junction during
runoff, some flow reaches irrigation season. Estimated
Piute Reservoir, average base flow above diver-

?éonis,) about 3,700 acre-feet
cfs).

Tenmile Creek...._ 18 9 | During the nonirrigation | Entire low used to irrigate ap-
season and periods of high proximately 120 acres during
runoff, some flow reaches irrigation season. Estimated
the Sevier River. average base flow above diver-

sifg)ns, about 1,500 acre-feet (2
CIs).

Manning Creek..... 30 11 | do —_— Entire flow used to irrigate ap-
proximately 285 acres during
Irrigation season. Estimated
average base flow above diver-
sifo)ns, about 3,700 acre-feet (5
cfs).

Cottonwood Creek. 20 10 |-.o- (5 0 T, Entire flow used to irrigate ap-
proximately 1,310 acres during
irrigation season. Estimated
average base flow above diver-
sifo§15, about 2,200 acre-feet (3
cfs).

Pine Creek(locally 25 b O 4 O Entire flow used to irrigate ap-
called Bullion proximately 1,575 acres during
Creek). irrigation season. Estimated

average base flow above diver-
s}o)ns, about 3,700 acre-feet (5
cfs).

Beaver Creek..___. 17 11 ... [ T, Entire flow used to irrigate ap-
proximately 525 acres during
irrigation season. Estimate
average hase flow above diver-
sions, about 2,900 acre-feet
(4 cfs).

Deer Creek_....._. 13 [ 3 P A0l Entire flow used to irrigate ap-
proximately 14 acres during
irrigation season. Estimated
average bhase flow above di-
Y;rs}igns, about 1,500 acre-feet

cis).

Clear Creek...._.. 160 16 | Average annual flow below | Several small reservoirs store
diversions, 1912-17 and and regulate water. Several
1940-58, 22,440 acre-feet diversions irrigate approxi-
(31 cfs). mately 1,750 acres. Average

base flow below diversions,
about 4,400 acre-feet (6 cfs).

Monroe Creek--... 56 10 | Seldom contributes flow | Entire flow used to irrigate ap-
directly to the Sevier proximately 1,600 acres. Esti-
River, even during pe- mated average base flow above
iods of high runoff. ((iw%r)sions, about 4,400 acre-feet

6 cfs).

Water Canyon 26 6 | Seldom contributes flow di- | Entire flow used to irrigate ap-

Creek. rectly to the Sevier River. proximately 37 acres. Esti-
mated average base flow abave
((ilive;r§ions, about 700 acre-feet

cfs).

Lost Creek.._...._. 110 18 | During the nonirrigation | Several small reservoirs store and

season and periods of high
runoff, some flow reaches
the Sevier River. Gains
about 1 cfs below di-
versions.

regulate water. Nearly all
flow is diverted to irrigate
approximately 2,100 acres.
Estimated average base flow
above diversions, about 4,400
acre-feet (6 cfs).
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TaABLE 2.—Principal perennial sireams entering the central Sevier Valley—Con.

Approxi-
mate
drainage
area

(sq mi)

Stream

Approxi-
mate
length
(miles)

Direet contribution to the
Sevier River

Remarks

300

Willow Creek._._.._

50

San Pitch River.._. 890

32

15

Average annual flow below
diversions, 1917-19 and
1943-55, 14,000 acre-feet
(19.4 cis).

Seldom contributes flow di-
rectly to the Sevier River.

During most years no flow
reaches the Sevier River.
During 1958, 28,760 acre-

Numerous small reservoirs and
diversions store and regulate
water, Nearly all flow is di-
verted to irrigate  approxi-
mately 9,800 acres. Estimated
average base flow above di-
versions, about 6,600 acre-feet
(9 cfs).

One small reservoir of approxi-
mately 580 acre-feet capacity
stores and regulates water.
Entire flow is diverted to
irrigate approximately 1,250
acres. Estimated average base
flow above diversions, about
1,500 acre-feet (2 cfs).

Many reservoirs and diversions
are used to irrigate approxi-
mately 89,500 acres in the

feet flowed into the Sevier

Sanpete Valley northeast of
River.

the project area and in the
northeastern part of the central
Sevier Valley. Estimated
average annual flow into the
central Sevier Valley through
diversions, about 30,000 acre-
feet (40 efs). Estimates include
Sixmile ~and Twelvemile
Creeks.

Reservoir, near Sigurd, is a small regulating reservoir which has a
maximum storage capacity of about 2,000 acre-feet. Sevier Bridge
Reservoir, northwest of Fayette in the north end of the project area, is
the largest reservoir on the Sevier River. It was constructed in
1904 and has a maximum capacity of about 236,000 acre-feet. The
maximum and minimum quantities of water stored in Piute and Sevier
Bridge Reservoirs for the 1956-60 water years 2 are as follows:

Piute Reservoir Sevier Bridge Reservoir

Mazimum Minimum Mazimum Minimum

Water year (acre-feet) (acre-feet) (acre-feet) (acre-feet)
1956 e 28, 760 150 74, 390 1, 810
1957 e 28, 320 196 70, 850 3, 540
1958 e -~ 14,010 <800 134, 400 25, 790
1959 55, 310 4, 640 108, 400 4, 620
1960 __. 28,910 0 70, 850 0

IRRIGATION CANALS AND DITCHES

Irrigation canals and ditches in the central Sevier Valley tap the
Sevier River at intervals along its course and tap its tributaries near
the mouths of their canyons. More than 60 irrigation companies

2The water year refers to the period between September 30 of the year stated and
October 1 of the previous year.
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maintain about 800 miles of canals in the central Sevier Valley. In-
dividual canals range in length from less than 2 miles to more than
50 miles. Most of the canals are excavated in and constructed of
natural earth materials, but some are lined with concrete in places to
prevent loss of water by seepage. The principal canals that divert
from the Sevier River and its tributaries between Kingston and Sevier
Bridge Reservoir are shown on plate 4.

GAINS AND LOSSES TO THE SEVIER RIVER

The river gains and loses water in many places along its course
through the central Sevier Valley. Water gain is from tributaries,
drains, springs, seeps, and, to a slight extent, from direct precipita-
tion. Water loss is by diversion into canals for irrigation, by evapora-
tion along the river’s course and in reservoirs, and by transpiration
where vegetation grows along the banks. In places the stream loses
water by seepage into its channel and banks.

The gains and losses between Kingston and Sevier Bridge Reservoir
are summarized in table 3 for water years 1957-60. The only tribu-
taries included in table 3 that have gaging stations are Clear Creek
and East Fork Sevier River. The flow from unmeasured tributaries,
however, is included in the measured flow of the river at many sta-
tions along its course. Table 8 includes data for quantities of water
diverted from the river into 16 canals. This water is a loss to the
stream at the point of diversion; but part of it, probably less than
30 percent, seeps to the ground-water reservoir and eventually returns
to the river downstream from the point of diversion. Losses by
evapotranspiration, as such, are not included in table 3. Much of
the water diverted into canals, however, is eventually consumed by
evapotranspiration.

Table 3 shows the gains and losses of the Sevier River as indicated
by measured inflow, flow at intervals along the stream, measured
diversions, and changes in surface-water storage, all listed in down-
stream order. The table gives gains and losses to and from the river
within five segments of the central Sevier Valley. These segments
of the valley are similar to but not identical with the respective valley
basins described above in the section on structure.

A slight overall loss of water in the Sevier River from Kingston
to Piute Dam is indicated in table 8 for the years 1957 and 1958 when
Piute Reservoir was gaining storage, and a gain is indicated for the
years 1959 and 1960 when the reservoir was losing storage. The loss
was primarily due to bank storage, evapotranspiration, and a small
unmeasured diversion from East Fork Sevier River. The gain was
largely due to release from bank storage and to ungaged flow from
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City Creek and Barnson Springs, (C-29-3)16cchb. The flow from
Barnson Springs decreases when Piute Reservoir is nearly full be-
cause the springs are then inundated under several feet of water, and
the pressure of this water reduces the hydraulic head which causes
water to flow from the springs.

A consistent gain of water in the reach from Piute Dam to Sevier
is indicated in table 3. This gain is derived principally from the
various tributaries to the river and from Taylor Pond Springs,
{C-27-3)17dcb. The contribution of water from tributaries varies
considerably from year to year, depending upon the amount of pre-
cipitation in the drainage area of the tributary.

A consistent gain in the Sevier River is indicated for the reach from
Sevier to Sigurd, and the data in table 3 indicate that during some
years more water is diverted for irrigation within the reach than enters
at the upstream end. This gain is mainly due to accretion of ground
water, including return flow from irrigation. Actually the diversion
to the Vermillion and Rockyford-Willow Bend Canals is almost
entirely return flow from water diverted upstream.? A more detailed
study of this segment of the valley is given below in the section, “In-
flow-outflow analysis of the Sevier-Sigurd basin.”

A consistent gain each year is also shown in the reach from Sigurd
to Gunnison, and it is partly due to inflow from tributaries and partly
due to the discharge of ground water that is caused largely by return
flow from irrigation. The quantity of water contributed by tributaries
varies widely from year to year because of changes in the amount of
precipitation, whereas the ground-water discharge, which locally in-
cludes considerable return flow, is more consistent. The diversions
to the Westview, Gunnison-Fayette, and Dover Canals consists largely
of return flow.? The large gains in 1957 and 1958 are attributed mainly
to the larger than usual flows in Salina Creek and the San Pitch River.

A small gain is indicated in table 3 during each year except 1958
in the reach of the river from Gunnison to Juab. The gainsare largely
attributed to springs and flowing wells in the upper end of the Sevier
Bridge Reservoir. The quantity of water discharged from these
springs and wells is decreased when they are inundated by the re-
servoir; and this accounts in part for the loss and small gain in 1958

3Much of this water has been used for irrigation upstream. Consequently, it has a
greater dissolved mineral content and is less desirable for irrigation than water that has
not been used—such as water derived directly from snowmelt and springs in the mountains.
The rights to the water derived from return flow, however, are considered among the best
in the valley because the supply is dependable late in the irrigation season when most
streamflow is usually low and reservoirs may be nearly empty.
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and 1959, respectively, as compared to the comparatively large gains in
1957 and 1960, when the reservoir contained less water. The loss in-
dicated in 1958 may also be attributed in part to evapotranspiration
and to changes in bank storage.

GROUND WATER

PRINCIPLES OF GROUND-WATER OCCURRENCE

Water that fills the openings in consolidated and unconsolidated
rocks in zones of saturation of the earth is called ground water. In
consolidated rocks the most common openings are fractures, although
some granular rocks contain water in pore spaces between grains, and
other rocks have solution cavities that contain water. In unconsoli-
dated deposits the openings are between rock particles. Rock forma-
tions that yield water readily to wells are called aquifers.

Water in an aquifer may occur under either confined (artesian) or
unconfined (water-table) conditions. Artesian conditions occur where
a permeable bed, such as gravel, is overlain and underlain by less
permeable (confining) beds, such as clay. Because it is confined, the
water in the permeable bed is under pressure. If the hydrostatic pres-
sure is sufficient to cause the water to flow at the ground surface from
a well penetrating such a bed, the well is a flowing artesian well. If
the hydrostatic pressure is not sufficient to cause the water to flow at the
surface, the well is a nonflowing artesian well. The height to which
the pressure can raise the water is called the pressure head, or simply,
the head. The imaginary surface formed by pressure heads is called
the piezometric surface.

In unconfined conditions the upper surface of the zone of satura-
tion is defined as the water table. The water level in wells penetrating
deposits that are under water-table conditions indicates the position
of the water table below land surface. The water table is not a plane
surface. It is usually an irregular sloping surface, and ground water
moves in the aquifer in the direction of the slope of the water table.
If the pressure head in an artesian aquifer declines to a point below
the overlying confining bed, water-table conditions will result.

Most of the available ground water in the central Sevier Valley is
in the coarse sand and gravel of the unconsolidated deposits in the
various ground-water basins. The ground water occurs under both
artesian and water-table conditions. The consolidated bedrock forma-
tions do contain some ground water in places, but the rocks are gen-
erally ground-water barriers, retarding underflow from basin to basin.
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SOURCE OF GROUND WATER

The source of almost all the water in the central Sevier Valley is
precipitation within the drainage basin.* Water that reaches the land
surface as precipitation either (a) evaporates into the atmosphere;
(b) is transpired by plants into the atmosphere; (c) seeps into the
ground, where some is retained as soil moisture; (d) percolates down-
ward to the zone of saturation and becomes part of the ground-water
reservoir; (e) leaves the area as streamflow; or (f) leaves the area as
subsurface flow.

AQUIFER CHARACTERISTICS

The amount of ground water that can be developed from an aquifer
and the effects of development in a basin depend upon the hydraulic
characteristics of the aquifer as well as its extent and saturated thick-
ness. The principal hydraulic properties of an aquifer are its ability
to store water, expressed by a coefficient of storage, and its ability
to transmit water, expressed by a coefficient of permeability.

The coefficient of storage of an aquifer is defined as the volume of
water that the aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in the component of head
normal to that surface. In a saturated rock the ratio of the volume of
the rock to the volume of water that the rock will yield by gravity is
called specific yield. Under water-table conditions, for all practical
purposes, the coefficient of storage is equivalent to the specific yield.

The field coefficient of permeability is expressed as the number of
gallons per day, at the prevailing temperature, that is transmitted
through a cross section 1 foot high and 1 mile wide under a hydraulic
gradient of 1 foot per mile. The field coefficient of transmissibility is
the product of the field coefficient of permeability and the thickness of
the aquifer, in feet, and it is expressed in gallons per day per foot.
Knowledge of the coefficients of storage and transmissibility will help
in determining, among other things, the magnitude, rate, extent, and
significance of the lowering of water levels in an aquifer caused by a
discharging well.

The methods used to determine the hydraulic characteristics of the
aquifers during this study were the discharging-well methods de-
scribed by Wenzel (1942, p. 95-97), the flowing-well method of Jacob
and Lohman (1952), and a method based on the cyclic fluctuations of
water levels described by Ferris (1952). The results of aquifer tests
are summarized in table 4.

4 During the period 1950-58, an average of 10,300 acre-feet was diverted annually by
diversion ditches or tunnels from the Colorado Basin to the headwaters of the San Pitch
River. By contrast, an average annual rainfall of 10 inches would yield approximately
2.6 million acrefeet annually in the Sevier Basin above the Yuba Dam.
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TABLE 4—Results of aquifer tests in the central Sevier Valley

Field
coefficient | Coefficient | Reference to method
Basin Well of trans- | of storage used
missibility
(gpd per ft)
Junction-Marysvale........._._ 50—30—3) 15bba-1_.__ 150, 000 0.20 Ferris (1952).
Sevier-Sigurd ... ___._._______ C-23-2)29bbe-1._... 300, 000 . 0001 | Wenzel (1942, p. 95-97).
(C-23-2)31dcb-3...__ 900, 000 . 001 Do.
(C-23-2)34aba-1_.__ 15,000 [oooooooooo Ja(cc;)b )and Lohman
(C-23-3)25bab-1. ___ 20,000 | Wenzel (1942, p. 95-97).
(C-24-3)12bda-1____ 900, 600 . 001 Do,
EC~25—4)32aba~2 ..... 4, 000 .20 Ferris (195")
Aurora-Redmond__.__.__..___. C-21-1)13abd-1. ... 20,000 f-ococeoooo- J a?os}gq) and Lohman
1

A wide range of values for the aquifer properties is shown in table 4.
This is common in areas filled with alluvium having varying degrees
of sorting. The wide range in the coefficients of storage indicates that
water occurs under artesian, partial artesian, and water-table condi-
tions. Under artesian conditions, the coefficient of storage ranges from
about 0.00005 to 0.005, and under water-table conditions it ranges from
about 0.05 to 0.30. Thus the well in the Junction-Marysvale basin and
one well in the Sevier-Sigurd basin, (C—25-4)32aba-2, are both water-
table wells; one well in the Sevier-Sigurd basin, (C-23-2)29bbc-1, is
an artesian well; and the two other wells for which storage coeflicients
were determined in the Sevier-Sigurd basin topped water under partial
artesian pressure.

ESTIMATE OF GROUND-WATER STORAGE

The storage capacity of a ground-water reservoir can be determined
if the areal extent, the saturated thickness, and the average storage co-
efficient of the aquifer are known.

The areal extent and thickness of the aquifers in the central Sevier
Valley were delineated by test drilling. The estimated average stor-
age coeflicients assigned to the sand and gravel composing the principal
aquifers of the area range from 0.15 to 0.20. The area underlain by the
aquifer, multiplied by the saturated thickness of permeable materials,
multiplied by the assigned average storage coeflicient, gives an esti-
mate of the amount of ground water that can be released by gravity
from storage in the sand and gravel deposits of the alluvium. Table 5
summarizes the estimated storage of ground water in the sand and
gravel deposits of the alluvium in the various ground-water basins.
The total of 1,500,000 acre-feet estimated for the sand and gravel de-
posits probably represents only about half of the total quantity of
ground water stored in the valley fill. The other half is in silt and
clay which will not readily yield water to wells.
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TABLE 5.—Hstimated storage of ground water in the sand and gravel deposiis of
the alluvium in the central Sevier Valley

Thickness Assigned Area Estimated
Basin of saturated average underlain | recoverable
aquifer storage by aqnifer storage

(feet) coefficient (acres) (acre-feet)
Junction-Marysvale ..o ooooocmioeoo 100 0.20 1, 600 30, 000
Sevier-Sigurd - .. el 340 .20 12, 000 800, 600
Aurora-Redmond - 400 .20 3, 200 200, 000
Redmond-Gunnison 50 .15 20, 000 150, 000
Gunnison-Sevier Bridge Reservoir 200 15 11, 500 300, 600
Total (rounded) I - - 1, 500, 000

FLUCTUATIONS OF WATER LEVEL

Ground-water levels do not remain stationary; they fluctuate in
response to withdrawals or additions of water. Water-level fluctua-
tions vary in duration from minutes to years. If the period is less
than 1 month, the fluctuations may be called short term; if the period
is from 1 month to 1 year, the fluctuations may be called seasonal; if
the period exceeds 1 year, the fluctuations may be called long term.

SHORT-TERM FLUCTUATIONS

Short-term fluctuations in the central Sevier Valley are caused by
changes in atmospheric pressure, changes in surface flow, use of ground
water by phreatophytes, and discharge from wells.

The records from a water-level recording gage on well (C-24-3)
35bdd-1 show the effects of changes in atmospheric pressure on water
levels (fig. 5). The water surface in the well is depressed as the
atmospheric pressure increases, and, conversely, the water surface
rises as atmospheric pressure drops. The ratio of the change in water
level to the change in atmospheric pressure, expressed in equivalent
units, is termed the “barometric efficiency of the aquifer” (Ferris and
others, 1962, p. 85). The water level in this well rose 0.12 foot in
28 hours on December 25-26, 1957. During this time the atmospheric
pressure, recorded by a barograph at the well, decreased 1.50 inches
of mercury, the equivalent of 1.7 feet of water. The ratio %1-72— indi-
cates that the barometric efficiency of the aquifer is 7 percent.

The records of the water-level recording gages on wells (C-30-3)
15bba-1 and (C-25-4)32aba-2 indicate the effects of changes in
nearby surface flow. Well (C-30-3)15bba-1 is 30 feet deep, and it
taps water under water-table conditions in alluvium. The diversions
of irrigation water to Kingston Main Canal about 0.4 mile away are
reflected by water-level fluctuations at this well with a time lag of
from 2 to 8 days. (See fig. 6.) Similarly, fluctuations of the water
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F1GURE 6.—Correlation of fluctuation of water level in well (C-30-8)15bba~1 with change
of discharge in the Kingston Main Canal, 1958.

level in well (C—25-4)32aba-2 can be correlated with the discharge of
Clear Creek about 0.25 mile away. This well is 64 feet deep,and it taps
unconfined ground water in the alluvium.

Daily fluctuations of water levels may be caused by vegetation in
areas where the water table is near land surface. (See pl. 5.) In
these areas the water levels decline in the daytime and recover during
the night.

Short-term fluctuations of water levels may be caused by discharge
from wells for short periods. The influence of discharging wells on
water levels is discussed in greater detail in the next section, “Seasonal
fluctuations.”



42 GROUND WATER, CENTRAL SEVIER VALLEY, UTAH
SEASONAL FLUCTUATIONS

Water levels fluctuate seasonally in most wells in the central Sevier
Valley. Seasonal rises of the water table are caused mostly by seepage
of water from streams and by diversions of water from streams for
irrigation. Seasonal fluctuations in artesian pressure, particularly in
the Sevier-Sigurd basin, are caused mostly by capping and uncapping
flowing wells. Little fluctuation occurs in artesian wells which are
more than 200 feet deep.

The pattern of fluctuation of water levels in wells that tap ground
water under water-table conditions is similar in each ground-water
basin in the central Sevier Valley. Water levels usually begin to rise
in May in response to increased streamflow due to spring runoff and
early-season applications of irrigation water diverted from the river.
The levels continue to rise throughout the irrigation season and are
usually highest in July, August, or September, near the end of the
irrigation season. When the irrigation season ends, water levels decline
slowly until the following spring. The hydrograph of well (C-25-4)
11cac-1 illustrates this fluctuation pattern. (Seefig.7.)

The artesian pressure in the wells penetrating the shallow artesian
aquifers in the Sevier-Sigurd basin shows fluctuations caused mainly
by the capping and uncapping of flowing wells. Pressures usually are
highest in November or December, when most of the flowing wells are
capped and the flow is stopped or retarded, and they remain fairly
high until March or April. Pressures are usually low from May until
about July or August when most of the flowing wells are uncapped
and flow freely. The hydrograph of well (C-23-2) 15dcb—4 illustrates
this fluctuation pattern. (Seefig.7.)

In the ground-water basins other than the Sevier-Sigurd basin, the
water pressure in most wells penetrating shallow artesian aquifers has
seasonal fluctuations which are much smaller than the fluctuations in
the Sevier-Sigurd basin. This condition is probably due to three rea-
sons: (1) there are fewer flowing wells, (2) the flowing wells are gen-
erally spaced farther apart, (3) a much smaller proportion of the
flowing wells are capped during the nonirrigation season. The fluc-
tuations of artesian pressure are small in a few wells penetrating the
shallow artesian aquifers in these basins, and they seem to be inde-
pendent of any seasonal influences.

Little seasonal fluctuation of water levels has been observed in ar-
tesian wells which are more than 200 feet deep. In most of these wells
the total fluctuation of the piezometric surface does not exceed 3 feet
during a period of several years. The hydrograph of well (C-23-2)
31dch-2, which is 225 feet deep, is typical for deep artesian wells in
the basins in the central Sevier Valley. (Seefig.7.)
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LONG-TERM TRENDS

Fluctuations of water levels in wells in the various ground-water
basins of the central Sevier Valley have shown similar long-term
trends during past years of record. As an example, the hydrograph of
well (C-21-1)27aad~1 (fig. 8) shows that water levels were relatively
low in 1935, rose from 1935 to 1941, and remained fairly steady
through 1947. From 1948 to 1960, with the exception of 1952 and
1958, which were years of high precipitation, there was a fairly con-
sistent decline in water level. The water-level trend correlates with
records of precipitation and streamflow in the Sevier River basin.
High ground-water levels are usually associated with periods of high
precipitation and increased streamflow, and the converse is also true.
Hence the years of deficient precipitation and streamflow from 1948
to 1960 are reflected by the low ground-water levels during the same
period. (See fig. 2.)

RECHARGE

The principal sources of recharge to the alluvium in the central
Sevier Valley are the Sevier River and its tributaries, irrigation
canals, and infiltration from irrigated fields. The principal areas
of recharge in the valley are shown on plate 6. Recharge from the
Sevier River and its tributaries occurs where the streams flow across
coarse alluvial deposits consisting of gravel and sand. Such areas
of recharge, in general, exist where streams enter the various ground-
water basins and where ground water is under water-table conditions.
Recharge from canals takes place where the canal has been constructed
in coarse alluvial-fan material near the mouths of canyons and along
the borders of the valley near the mountains. Infiltration from irri-
gated fields occurs mainly in the upper parts of the various ground-
water basins where water-table conditions prevail and the soils are
coarse grained.

In addition to the principal sources of recharge, some ground water
moves into the alluvium from the bedrock in the mountains surround-
ing the valley, the bedrock is recharged by direct precipitation and
surface runoff. The rocks generally dip toward the valley, and
ground water probably nioves into the Sevier Valley in bedrock aqui-
fers almost everywhere along the valley sides. An exception is that
part of the east side of the valley that extends from Glenwood to Gun-
nison Reservoir dam; there the thickness and low permeability of the
Arapien Shale retard the movement of ground water from the east.

DISCHARGE

Ground water is discharged from the valley floor in the central
Sevier Valley mostly by evapotranspiration, wells, springs, seeps, and
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drains; in specific basins, some ground water is discharged by subsur-
face movement into the valley fill of the next basin downstream. Es-
sentially all the discharge is from water in the fill, but some of the dis-
charge from springs along the margins of the valley has its source in
the bedrock of the surrounding mountains.

EVAPOTRANSPIRATION

Evapotranspiration is that part of the precipitation which is re-
turned to the air through transpiration by vegetation or through di-
rect evaporation. Water can evaporate directly from open-water sur-
faces, from the ground-water table when it is at or near the land sur-
face, from the soil zone, and from any exposed surface on which pre-
cipitation falls. It is estimated that about 100,000 acre-feet of water,
most of which is derived from the ground-water table, is discharged
annually by evapotranspiration from about 33,500 acres of wet bot-
tom land in the central Sevier Valley. In addition, about 26,000 acre-
feet of surface water is evaporated from the three main reservoirs in
the area.

Evaporation from open-water surfaces—The average annual evap-
oration from open-water bodies in the central Sevier Valley is more
than six times the long-term mean annual precipitation. Evaporation
data have been collected with a standard U.S. Weather Bureau land
pan at Piute Dam for the period May through November since 1918.
The dam is 6,000 feet above sea level, and the average annual rate of
evaporation is 55 inches (U.S. Weather Bur., Salt Lake City, Utah,
written commun., 1958).

The annual evaporation from the three largest surface-water reser-
voirs in the central Sevier Valley is about 26,000 acre-feet, and it is

summarized below :

Estimated Annual

average evapo-
water-sur- ration
face area (acre-

Reservoir (acres1) feet?)
Piute. P 1,200 4,800
Rockyford_ 300 1,200
Sevier Bridge 5,000 20, 000
Total__ - 6,500 26,000

1 Areas based on data in Woolley (1947, p. 125-128).

2 Based on an evaporation rate of 48 inches per year.

Evaporation of ground water—The amount of ground water
discharged by evaporation depends primarily upon the depth to
the water table and the soil type. Where the water table intersects
the land surface, evaporation takes place directly from the ground-
water body. Where the water table is a few feet below land sur-



GROUND WATER 47

face and the soil is fine grained, the capillary fringe® overlying
the water table may reach the land surface, and evaporation takes
place directly from the ground-water body.

When ground water evaporates, the minerals that had been in
solution are precipitated in the soil zone. An excessive accumula-
tion of certain minerals may destroy the usefulness of the soil for
agricultural purposes.

Transpiration—Transpiration is defined as the process by which
plants discharge water vapor to the atmosphere. If the water
table is within reach of the roots of plants, ground water will be
taken directly from the zone of saturation and discharged by trans-
piration. The rate of transpiration depends upon climatic condi-
tions, plant type and size, depth to the water table, and quality of
the ground water. The quantity of water transpired by plants which
have some recognized benefit to mankind is called consumptive
use (Thomas, 1951, p. 217). Water that returns to the atmos-
phere without benefiting man is consumptive waste; thus, the
water transpired by nonbeneficial vegetation is part of consumptive
waste.

Consumptive waste of ground water in the central Sevier Valley is
attributed mainly to phreatophytes and to evaporation. Phreato-
phytes are plants that depend for their water supply on ground
water that lies within reach of their roots (Robinson, 1958, p. 1).
The principal phreatophytes in the central Sevier Valley are salt-
grass, saltcedar, willow, cottonwood, greasewood, and rabbitbrush.
Numerous studies and experiments conducted in the Western United
States under a wide variety of conditions which include climate,
density of plant growth, depth to water table, quality of ground
water, and soil types, indicate that a fully developed growth of salt-
cedar or cottonwood uses from 5 to 7 acre-feet of water per acre
annually, and that saltgrass, willow, greasewood, and rabbitbrush
use approximately 2-3 acre-feet (Robinson, 1958, p. 49-75).

Areas that contain small bodies of surface water fed by springs
and areas in which the water table is close to the land surface are
also generally areas of extensive phreatophyte growth. In such
areas the rate of evapotranspiration is great. A value of 8 acre-
feet per acre per year was considered a conservative average rate
of evapotranspiration from these areas, and this figure was used
in preparing a tabulation of the estimated evapotranspiration for

5 According to Meinzer (1923, p. 26), “The capillary fringe is a belt that overlies the
zone of saturation and contains capillary interstices some or all of which are filled with
water that is continuous with the water in the zone of saturation but is held above that
zone by capillarity acting against gravity.”
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each basin in the central Sevier Valley. (See table 6.) Areas of
principal phreatophyte growth are shown on plate 5.

No estimate was made of the evapotranspiration from the banks
of tributary-stream channels or from irrigation canals.

WELLS

The estimated average annual discharge of ground water from
wells in the central Sevier Valley is about 16,000 acre-feet. Of this
total, approximately 10,000 acre-feet was used for irrigation, 300
acre-feet for public supply, 300 acre-feet for industry, and the
remainder for domestic and stock purposes. The amount dis-
charged by different kinds of wells in the five basins is listed in
table 7. The figures were estimated by compiling information on the
type and period of use of the well, periodic measurements of dis-
charge of selected wells, discharge measurements made during
well inventory, and yields reported by well owners and drillers.
Discharge from wells is relatively small compared to discharge
by other means in the central Sevier Valley. The discharge of
flowing wells is greatest when artesian pressure is high, usually
during years of high precipitation and high streamflow. Dis-
charge from pumped wells is usually greatest when precipitation
and streamflow are low.

SPRINGS

Ground water is discharged in the central Sevier Valley by springs
issuing from the alluvium and from bedrock. Listed below is the
estimated annual flow of springs discharging from the alluvium in
the five ground-water basins of the central Sevier Valley. Almost
all the water is used for irrigation.

Discharge

Basin (acre-feet)
Junction-Marysvale ! e e e 11, 000
Sevier-Sigurd 20, 000
Aurora-Redmond * -~ 11,000
Redmond-Gunnison. 4, 000
Gunnison—Sevier Bridge Reservoir. 12, 000
Total__ - 58, 000

! Discharge mostly from Barnson Springs, (C-29-3) 16ccb, and Taylor Pond Spring,
(C-27-3)17dch.
2 Discharge mostly from Redmond Lake Springs, (C-21-1)11a.

The discharge of springs from the alluvium is directly proportional
to the yield and pressure of flowing wells in the central Sevier Valley.
This is shown by the correlation of the water level in well (C-23-2)
27bda—1 with the discharge of springs from the alluvium in sec. 4, T.
24 S, R.2W. (Seefig.9.)



GROUND WATER 49

TABLE 6.—Evapotranspiration in ground-water basins of the central Sevier Valley

Area of Estimated annual
phreatophyte evapotranspiration
growth where the of ground water
water table is close  (based on a rate of
to land surface 3 acre-feet per acre)
Basin (acres) (acre-feet)

Junction-Marysvale.___________________________ 3, 500 10, 500
Sevier-Sigurd . - _ - ... 10, 000 30, 000
Aurora-Redmond . — . _ .. 3, 000 9, 000
Redmond-Gunnison.___________________________ 7, 000 21, 000
Gunnison—Sevier Bridge Reservoir. .- ... 10, 000 30, 000
Total (rounded) . co .. 33, 500 100, 000

Discharge of ground water from springs in bedrock near the floor
of the central Sevier Valley is estimated to be about 15,000 acre-feet
annually. Although some of the water is used for public supply, most
of it is used for fish culture or for irrigation. The principal springs
that discharge from bedrock near the valley floor are Fayette Spring,
(D-18-1)19dab, which discharges 1,900 gpm from the Flagstaff Lime-
stone; Glenwood Spring, (C-23-2)386cbd, which discharges 4,500 gpm
from volcanic rocks of Teritary age; and Richfield Spring, (C—23-3)
26aca, which discharges 1,400 gpm from the Crazy Hollow Forma-
tion of Spieker (1949). A much greater amount of water is dis-
charged from many bedrock springs in the more remote parts of the
mountains surrounding the central Sevier Valley. The water dis-
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TiIGURE 9.—Relation of water level in an artesian well, (C—23-2)27bda-1, to discharge
of springs from alluvium in sec. 4, T. 24 S.,, R. 2 W,
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charged from these remote springs is accounted for in the base flow
of the perennial streams that enter the valley. Most of these springs
flow from volcanic rocks of Tertiary age.

DRAINS

Discharge of ground water from drains is estimated to be about
22,000 acre-feet annually in the central Sevier Valley. Almost all the
water is used for irrigation. The estimated annual discharge of
drains in each basin is:

Discharge

Bagin (acre-feet)
Junction-Marysvale. 1, 000
Sevier-Sigurd —e== 10, 000
Aurora-Redmond 1, 000
Redmond-Gunnison -~ 8,000
Gunnison-Sevier Bridge Reservoir 2, 000
Total ——= 22,000

The seasonal discharge of water from drains in the central Sevier
Valley usually fluctuates directly with the amount of irrigation water
applied to the land.

SUBSURFACE OUTFLOW

Some ground water leaves each ground-water basin in the central
Sevier Valley by subsurface outflow. The amount lost is considered
to be negligible in the Junction-Marysvale and the Aurora-Redmond
basins owing to the subsurface geologic barriers at the downstream end
of the basins. Gravel and sand beds, however, at the downstream end
of both the Sevier-Sigurd basin and the Redmond-Gunnison basin
annually transmit about 2,000 and 4,000 acre-feet of water, respec-
tively, to the basins downstream. The quantity of water moving
downstream from the project area by subsurface outflow at the Yuba
Dam is believed to be small owing to a subsurface geologic barrier at
the damsite.

DEVELOPMENT

WELLS

More than 1,300 wells have been constructed in the central Sevier
Valley by digging, jetting, cable-tool drilling, or rotary drilling.®
Many domestic and stock wells were dug by hand before the other
methods were introduced into the area. These dug wells, many of
which are still in use, ranged in depth from 12 to 72 feet and were
lined and supported by rock or concrete.

8 A description of well-construction methods was given by Todd (1959, p. 115-149).
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Most of the newer wells less than 6 inches in diameter were jetted,
whereas most wells 6 inches in diameter or larger were drilled by the
cable-tool method. Twenty-seven wells were drilled in the project
area by the rotary method. Of these, 21 were test holes drilled by
the Geological Survey to evaluate the water-bearing materials under-
lIying the valley, 5 were drilled as oil or gas tests, and 1 was drilled by
the city of Richfield in exploration for water. Numerous seismic
holes, mostly 2—4 inches in diameter, have been drilled by the rotary
method for oil and gas exploration.

Most of the wells in the alluvium of the central Sevier Valley are
less than 150 feet deep. The majority of the wells are drilled just
deep enough to produce a moderate amount of water; and usunally only
a small part of the aquifer is penetrated, especially in areas of artesian
flow. Most wells are 4 inches or less in diameter, and only 19 wells are
lIarger than 8 inches in diameter.

Standard screw-joint or butt-welded casing is used in most wells
that are 6 inches or larger in diameter. Standard black iron pipe
is usually used for wells smaller than 6 inches in diameter. Most of
the wells produce water through the open bottom of unperforated
casing, but a few casings have been perforated in the lower part, usually
with a Mills knife or similar device. Wells intended for large dis-
charge are usually equipped with perforated casing and are developed
by surging and pumping at excessive rates to remove silt and fine sand
which impede the movement of ground water to the well.

The small domestic and stock wells are pumped mostly by gasoline-
driven or electrically driven centrifugal or piston pumps. Jet pumps
supply water to many rural homes. Most of the irrigation wells are
equipped with deep-well turbine pumps driven by electric motors or
by gasoline or diesel engines.

Specific capacity of wells.—Specific capacity is a term used to indi-
cate the efliciency of a well. It depends on many conditions, includ-
ing the hydraulic properties of the aquifer, the construction of the
well, and the development of the well. Specific capacity is expressed
in gallons per minute (gpm) per foot of drawdown, and it is calculated
by dividing the discharge of a well by the drawdown of the water
surface in the well after pumping at a constant rate. The specific
capacity of a given well varies somewhat depending upon the rate of
pumping and the length of time pumped. Observed specific capaci-
ties of wells in the central Sevier Valley range from 10 to 800 gpm
per foot of drawdown. Specific capacities for selected wells in the
valley, most of which were reported by the owner or by the well driller,
are given in table 8.

The rather wide range in specific capacities of wells in the valley is
attributed mainly to differences in well construction and differences
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TaBLE 8.—8pecific capacities and relatIe}d data for selected wells in the central Sevier
alley

Specific capacity
Diameter Discharge (gpm per foot of
Well Depth (feet) (inches) (gpm) drawdown)

(C-19-1)23bee-1. oo oo 193. 5 12 1, 800 300
(C-19-1)23cac—1_ .. _____ 78 8 600 18
(C-22-1)5bac—1_____ . _._.__ 490 8 200 10
(C-23-2)14edd-1. . __.___. 103 10 125 63
(C-24-3)12bda~1_.____________ 375 12 1, 350 108
(C-24-3)23bad-1.____.___._. 115 8 100 100

in the permeability of the saturated materials penetrated. For ex-
ample, well (C—24-3)12bda-1, a well of high yield, has a specific ca-
pacity of 108 gpm per foot of drawdown. The well is 375 feet deep;
it penetrates 149 feet of gravel and 38 feet of sand ; and it is supported
with 12-inch steel casing of which 95 feet is perforated. By con-
trast, well (C-22-1)5bac-1, a well of moderate yield, has a specific
capacity of 10. The well is 490 feet deep; it penetrates 40 feet of
saturated gravel and 30 feet of saturated sand; and it is supported
with 8-inch casing of which 35 feet is perforated.

Interference of wells—Interference occurs when the yield of a dis-
charging well is decreased because of the discharge of a well nearby.
It can be caused by either flowing or pumped wells, although the ef-
fects from pumped wells are usually greater and more significant.
When a well is discharging, the water table or piezometric surface of
the aquifer surrounding the well is depressed and assumes the form of
an inverted cone, the apex of which is the well. The extent and depth
of this cone, called the cone of depression, depend on the hydraulic
properties of the aquifer, the rate of discharge, and the duration of
discharge. The cone of depression develops much faster under ar-
tesian conditions, where it is formed largely by the release of hydro-
static pressure, than it does under water-table conditions, where its
development depends largely on the quantity of water removed from
the aquifer. Interference takes place when the spreading cone of
depression reaches the cone of depression of another discharging well
and adds to the drawdown at the other well, thus decreasing its spe-
cific capacity or efficiency.

The rate of development of the cone of depression around a pumped
irrigation well near Richfield, (C-24-3)12bda~1, was observed in an
observation well, (C-23-2)31dcb-3, equipped with an automatic
water-level recording gage. The observation well was 13} miles
northeast of the pumped well. Thirty minutes after pumping at
1,350 gpm began, the water level in the observation well began to
decline. It declined 0.4 foot during the first 24 hours of pumping,
after which it remained steady until the pumping stopped. Thirty
minutes after the pump was stopped, the water level in the observa-
tion well began to rise, and it rose steadily for about 24 hours to ap-
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proximately the original water level. Drawdown effects over rela-
tively large distances in short periods of time, such as in this example,
are characteristic of artesian conditions.

Mutual interference of closely spaced artesian wells has been ob-
served in the vicinity of Venice where seasonal decline of water level
is caused by uncapping many artesian wells in the springtime and
allowing them to flow freely during the irrigation season. (See well
(C-28-2)15dcb—+4 in fig. 7.) This decline can be attributed to the
mutual interference of many discharging artesian wells.

Advantages of ground-water development by wells—The advan-
tages of developing ground water by means of wells for any use stem
from reservoir characteristics and physical-chemical characteristics of
the water. The ground water is in transient storage in huge subter-
ranean reservoirs which can be tapped by wells to provide water when
and where it is needed. An irrigation supply based on surface-water
rights can be deficient or glutted depending upon seasonal precipita-
tion. Deficiency leads to crop failure; glut leads to waste of water
and to waterlogging of agricultural land. Wells can be pumped to
provide irrigation water only when needed by the crops, thus elimi-
nating waste and insuring harvest.

Water stored in surface reservoirs and conducted to the irrigated
land through surface canals is subject to large losses by evapotrans-
piration. These losses are essentially eliminated when water is stored
in a subterranean reservoir. The canal losses, and even the need to
construct or maintain lengthy canals, are eliminated by pumping wells
constructed at the site where the water isneeded.

Water pumped from wells is relatively free of silt, weed seeds, and
organic contamination, and the water maintains relatively constant
temperature and chemical characteristics throughout the year. These
features are of considerable significance when considering water for
municipal or industrial use.

A particular advantage of the full development, of ground water in
the central Sevier Valley is that such development could result in the
salvage of water from present nonbeneficial and low-beneficial use.
If ground-water levels could be lowered a few feet, many of the
sloughs and excessively wet areas, where large quantities of water are
now wasted by evapotranspiration, would disappear. The lowering
of ground-water levels could be accomplished by pumping from wells
penetrating the principal aquifers in the various ground-water basins.
The areas that are the most promising for such development are the
Sevier-Sigurd basin and the Gunnison-Sevier Bridge Reservoir basin.
Such a development program, however, would have to proceed care-
fully to allow for compensation for the expected reduction in flow in
some flowing wells and springs. As the discharge of the flowing wells
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and springs decreases, it would be necesary to use some of the water
pumped from wells to satisfy the water rights contingent on the flow-
ing wells and springs. Eradication of phreatophytes and improve-
ment of drainage systems would make the ground-water development
program still more effective.

SPRINGS

Almost two-thirds of the ground water used in the central Sevier
Valley comes from springs. Springs furnish the public water supply
for every community within the valley with the exception of Venice
and Axtell. Most of the springs discharge from bedrock in the moun-
tains adjacent to the valley. Development ordinarily consists of a
collecting chamber at the site of the spring and a gravity conveyance
and distribution system. Some municipal springs such as Richfield
Spring, (C-23-3)26aca, and several springs, (C-21-1)11a, used by
the town of Redmond are equipped with pumps that lift the water into
enclosed reservoirs, thus providing adequate head for distribution.

Many springs in the valley and many bedrock springs in the sur-
rounding mountains are major sources of irrigation water. Much of
the water discharged from these springs flows into the Sevier River
and its tributaries and is stored in surface-water reservoirs for future
irrigation use.

Some springs in the central Sevier Valley are used for commercial
purposes. The waters of Glenwood Spring, (C-23-2)36¢bd, the Three
Lakes Springs, (C-24-2)4cbd, and springs (C-23-2)27ced, (C-23-
2)28dad, and (C-23-2)28ddd are used for fish culture. Glenwood
Spring issues from volcanic rocks of Tertiary age, whereas the other
springs discharge from the alluvium.

DRAINS

Drainage has been attempted in nearly all areas underlain by ar-
tesian aquifers in the central Sevier Valley. However, the resulting
drainage systems have become more important as a source of return-
flow irrigation water for the irrigation of pastures and for use down-
stream rather than as a means of lowering water levels. Most of the
existing drains are open channels, although some tile drains have been
constructed in the Richfield and Centerfield areas.

West of Centerfield, in T. 19 S., R. 1 W, the tile drains discharge
into open drains, which in turn discharge into the river. At intervals
along the bottom of the open drains, 2-inch wells have been jetted
down 20-50 feet into the alluvium; each well flows about 5-25 gpm.
This combined system of wells, tile drains, and open drains is a very
effective drainage system.
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Several canals have been constructed to collect water from slough
and spring areas and to deliver it to irrigated lands. In a sense these
canals can also be called drains. However, the intended result was
not drainage but recovery of water for irrigation use. As these drains
were not designed to dewater the waterlogged land, no effective lower-
ing of water level has resulted.

Drains in artesian areas, such as the downstream parts of the five
ground-water basins in the central Sevier Valley, are not effective
unless they tap the more permeable water-bearing beds in the valley
fill. The sand and gravel deposits, in artesian areas, are generally
overlain by at least 20 feet of relatively impermeable silt and clay (pl.
3) which will yield water to drains slowly but not in sufficient quantity
to be effective. The underlying permeable deposits of gravel and sand
can be tapped by deeper drains, by flowing wells in the bottom of
drains, or by drains extending into spring areas where the springs
already tap the underlying permeable deposits.

According to Utah State law, a quasi-public corporation known as
a drainage district can be organized to undertake drainage on a large
scale. As early as 1920, drainage districts, each controlling 1,000—4,000
acres, were organized in Sevier and Sanpete Counties. These drain-
age districts were not successful because (a) the areas included in the
districts were too large, (b) ultimate drainage construction costs
exceeded estimates, (¢) the drains were not adequately designed, and
(d) the drains were not properly maintained.

RELATION OF GROUND WATER AND STREAMFLOW

The base flow of the Sevier River in most of the valley is dependent
on ground-water levels. The river loses water at the upstream end of
most of the basins, where water levels are appreciably below the stream
channel, and gains water in the downstream parts, where water levels
are above the stream level. The water that enters the ground-water
reservoirs from the river moves downstream, but it moves through the
aquifers more slowly than the surface water moves downstream. The
quantity of water moving through the aquifers, however, is probably
large, because the aquifers have a high average permeability, a large
cross-sectional area, and a hydraulic gradient of several feet per mile.

The ground-water reservoir is similar to a surface-water reservoir
in that it temporarily stores water. At several places in the central
Sevier Valley, geologic barriers impede the downstream movement of
ground water, causing water levels to rise and the reservoir to become
full and overflow. In these areas the ground water leaves the reser-
voir by springs, seeps, and evapotranspiration. Much of the discharge
from the springs and seeps returns to the river. The river thus
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becomes a gaining stream, and the flow continues downstream to the
next basin, where the cycle is repeated. The rate of ground-water
discharge into a stream depends largely on ground-water levels and
on the permeability of the materials underlying the stream bed.

Figure 10, which illustrates overall conditions in the Sevier-Sigurd
basin, shows that the decrease in ground-water storage coincides
closely with the period of each year when outflow from the basin
exceeds inflow. The gain in streamflow during this period is from
ground-water discharge. The increase in ground-water storage coin-
cides with the period when inflow to the basin exceeds outflow. The
loss in streamflow during this period is due to evapotranspiration and
to recharge to the ground-water reservoir. Only the actual measured
surface-water flows entering and leaving the Sevier-Sigurd basin are
considered in figure 10. Additional water enters the basin from small
unmeasured perennial streams, ephemeral streams, and subsurface
inflow from bedrock sources. A more complete inflow-outflow analy-
sis is presented in the following section.

In addition to natural discharge to the streams, withdrawals of
ground water by wells and drains impose an additional draft on the
ground-water reservoir. If enough water is withdrawn, the natural
overflow will decrease significantly or may stop. The surface-water
and ground-water systems in the central Sevier Valley are in equi-
librium, and the removal of water from the ground-water reservoir
would (a) increase recharge from surface water, (b) decrease dis-
charge from springs, flowing wells, and evapotranspiration, or (c)
both.

INFLOW-OUTFLOW ANALYSIS FOR THE SEVIER-SIGURD BASIN

THE ANALYSIS

In any segment of a valley, the quantity of water entering by sur-
face-water inflow, ground-water inflow, and precipitation is equal to
the quantity of water leaving the area by surface-water outflow,
ground-water outflow, and evaportranspiration plus or minus the
quantity gained or lost in surface-water and ground-water storage.
An attempt was made to analyze each of the ground-water basins in
the central Sevier Valley on this basis to allocate quantities of water
to each category. The major difficulties encountered in the analyses
were the complexity of the transmission and distribution systems for
irrigation water, and the lack of data on both the amount of tributary
inflow from both perennial and ephemeral streams and the amount of
ground water entering each basin by side inflow from bedrock sources.
Because of these difficulties, some estimates and assumptions were
necessary.
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TasLe 9.—Inflow and outflow of water end change in storage, by calendar year,
Sevier-Sigurd ground-water basin
1967 1958 1969

(1,000 acre-feet)

Surface-water inflow_ _ _ _ . ______ .. 132 234 139
Ground-water inflow at upperend._ .. ____________________ neg. neg. neg.
Precipitation on ground-water basin_____________________ 57 24 37
Inflow from other sourees___________________________.___ 60 25 14

Total water entering the basin_ ___________________ 239 283 190
Surface-water outflow_ . _____________________ 80 138 103
Ground-water outflow__________________________________ 2 2 2
Evapotranspiration from cultivated areas__. . ____._________ 80 79 74
Evapotranspiration from noncultivated wet areas_.________ 30 30 30
Evapotranspiration from nonecultivated brushland_ ________ 17 7 11
Evaporation from open surface-water reservoirs._ ... .._._ 1 1

Total water leaving the basin_ . ___________________ 210 257 221
Change in surface-water storage_ ... ________________ neg. neg. neg.
Change in ground-water storage_ . _______________________ +29 +26 31

Total water entering the basin_ _ _ _________________ 239 283 190

The best conditions for an inflow-outflow analysis were found in
the Sevier-Sigurd basin, and the analysis for the 1957-59 calendar
years is presented in table 9.

The inflow-outflow analysis of the Sevier-Sigurd basin indicates
that more than 200,000 acre-feet of water enters and leaves the basin
during most years. Of this amount, about half flows out of the basin
in the river, in canals, and through the ground-water aquifer to be
available for use downstream ; the other half is consumed in the basin.
Of the water consumed in the basin, an average of 64 percent is used
in cultivated and irrigated areas, 25 percent is used in wet nonculti-
vated areas, 10 percent is used in noncultivated brushlands, and 1 per-
cent is evaporated from one reservoir.

The amount of water flowing into the basin from different sources
varies widely from year to year because of changes in the precipitation
pattern in the drainage basin and because of changes in storage in
surface-water reservoirs upstream. In dry years, reservoirs may be
drained to supply the irrigation-water demand, whereas in wet years
some water may be held in storage for use during the following years.
During 1957-59 the measured streams supplied an average of 71 per-
cent of the total inflow, whereas 17 percent came from precipitation on
the ground-water basin, and 12 percent was inflow from other sources.
Most of the inflow was from various unmeasured streams, but some
was from ground-water movement into the basin from the mountains
on both sides of the valley.

ELEMENTS OF THE ANALYSIS

Surface-water inflow and outflow.—In the analysis shown in table 9,
surface-water inflow was based on measurements of the river below
T48-957—64— 5
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Piute Dam, estimates of gain in flow between Piute Dam and Sevier,
measurements of Clear Creek near Sevier below diversions, and re-
ported measurements of Richfield and Glenwood Springs. The amount
of water entering the basin from several other ungaged streams is
included in the item, “Inflow from other sources.” Surface-water
outflow from the Sevier-Sigurd basin was based on measurements of
flow in the Sevier River below Rockyford Dam and in the Rockyford-
Willow Bend Canal and on estimates of flows in the Sevier Valley—
Piute and Vermillion Canals.

The streamflow in 1958 was greater than that in 1957 and 1959 be-
cause of above-average precipitation during the period from October
1957 to April 1958. (See fig. 2.) Although precipitation from April
1958 through December 1959 was below average, streamflow remained
fairly high because of hold over storage in Piute Reservoir. The
surface-water inflow to the Sevier-Sigurd basin was consistently
greater than the outflow during the period of analysis. This is un-
doubtedly an annual occurrence, and it is attributed to the consump-
tion of water in the basin by evapotranspiration.

Ground-water inflow and outflow—Ground-water inflow to and
outflow from the Sevier-Sigurd basin were estimated on the basis of
knowledge of the local geology and of the thickness and permeability
of the water-bearing materials in the constricted parts of the valley at
the upper and lower ends of the basin. Sufficient information was not
available to make a direct estimate of the amount of ground water mov-
ing into the basin from the sides. An indirect estimate of this move-
ment, however, is included in the item, “Inflow from other sources.”

The ground-water inflow at the upper end of the Sevier-Sigurd basin
was regarded as negligible, because the alluvium at the bottoms of
Marysvale and Clear Creek Canyons is too thin to permit the flow of
significant quantities of water. The ground-water outflow at the lower
end of the basin was estimated on the assumptions that the permeable
beds of gravel and sand in the vicinity of Rockyford Dam were 1 mile
wide and that they were somewhat thinner than indicated at test hole
14, (C—22-1)19bad-1, about 1 mile downstream. A geologic constric-
tion of the valley plus a local steepening of the ground-water piezomet-
ric surface suggests a local decrease in transmissibility.

Precipitation on ground-water basin.—The annual precipitation at
Richfield, near the center of the Sevier-Sigurd basin, was 11.15, 4.69,
and 7.14 inches in 1957, 1958, and 1959, respectively, according to the
U.S. Weather Bureau. This precipitation was applied to the 62,000
acres that constitutes the Sevier-Sigurd ground-water basin. The
amount of water added directly to the area by precipitation was thus
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computed to be about 57,000 acre-feet in 1957, 24,000 acre-feet in 1958,
and 37,000 acre-feet in 1959.

Evapotranspiration from cultivated areas—The average annual
quantity of water consumed by cultivated crops in the Sevier-Sigurd
basin was estimated by a method described by Roskelly and Criddle
(1952). About 34,000 acres of cultivated land was divided into crop
types, including alfalfa, corn, small grains, potatoes, sugar beets, wild
hay, and pasture, and into idle land ; but the acreage for each crop type
varied from year to year depending upon the available water supply.
Gross water-use requirements for each type (Roskelly and Criddle,
1952, table 5, Richfield-Salina area) were multiplied by the acreage of
each type to determine the annual amount of water consumed. It was
assumed that all precipitation on the area of cultivated crops was
consumed by evapotranspiration.

Evapotranspiration from noncultivated wet areas—The average
annual quantity of water consumed on about 10,000 acres of wet non-
cultivated land in the Sevier-Sigurd basin was estimated to be about
30,000 acre-feet. This amount is listed for each of the 3 years in table
9 because the wet area was about the same for each year, and the
amount of water consumed probably did not vary much. Evapo-
transpiration from wet areas includes evaporation from waterlogged
land and transpiration from phreatophytes and other vegetation.
Ponds and sloughs are regarded as being part of the wet areas.

Evapotranspiration from noncultivated brushland.—About 18,000
acres of the 62,000 acres that constitutes the Sevier-Sigurd ground-
water basin is not cultivated, but it is covered with native brush and
other vegetation that depend entirely on soil moisture derived directly
from precipitation. It was assumed that all the precipitation was
evaporated or consumed by the brush and other vegetation and that
none reached the ground-water reservoir. The annual precipitation
at Richfield was 11.15, 4.69, and 7.14 inches in 1957, 1958, and 1959,
respectively. Applying this precipitation to 18,000 acres results in
figures for evapotranspiration from noncultivated brushland of ap-
proximately 17,000, 7,000, and 11,000 acre-feet during the 3-year
period.

Evaporation from surface-water reservoirs—Rockyford Reservoir,
which has an average water area of about 300 acres, is the only large
body of open water in the Sevier-Sigurd basin. The average evapora-
tion from open water at Piute Reservoir, 40 miles to the south, from
April through October, when there usually is water in Rockyford
Reservoir, is about 49 inches (U.S. Weather Bur., written commun.,
1958). Applying this rate of evaporation to the open-water acreage
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at Rockyford Reservoir results in a figure for evaporation of about
1,000 acre-feet.

Change in surface-water storage—Changes in water storage in
Rockyford Reservoir are not recorded, aithough the water going
through the reservoir is measured at the gaging station on the river
below the dam and on the Rockyford-Willow Bend Canal. Rocky-
ford is a regulating reservoir which remains nearly full from about
April 1 until about October 15 of each year; it is usually empty during
the rest of the year. Inasmuch as the inflow-outflow study is based on
calendar years and Rockyford Reservoir is normally empty on Jan-
uary 1 of every year, the changes in storage during the study years
are regarded as negligible.

Change in ground-water storage—The changes in ground-water
storage in the Sevier-Sigurd basin were determined as follows: A
Thiessen polygon (Linsley, Kohler, and Paulhus, 1949, p. 78) was
constructed around each observation well in the part of the basin
where water-table conditions prevail. (See fig. 11.) The water level
in 13 observation wells on April 1, 1957, was selected as a reference
datum. For each well, the monthly water-level change (with reference
to the datum water level of April 1) was muitiplied by the area of the
Thiessen polygon surrounding the well and by 0.2, the estimated
average specific yield of the water-bearing material. The totals for
each well were then added to give the monthly change in ground-water
storage within the basin, in acre-feet. The monthly status of ground-
water storage referred to the datum of April 1, 1957, and annual
changes by months are listed in table 10.

The data in table 10 indicate that the ground-water storage in-
creased by 29,000 acre-feet and 26,000 acre-feet during 1957 and 1958,
respectively, and decreased by 81,000 acre-feet during 1959. The in-
creases during 1957 and 1958 were mostly due to above-normal precipi-

TABLE 10.—Monthly status of ground-water storage in the Sevier-Sigurd basin,
in acre-feet, referred to the datum of April 1, 1957, and annual changes by
months for the period December 1956—December 1959

Monthly | Change | Monthly| Change | Monthly| Change | Monthly
Month status | 1956-57 | status | 1957-568 | status | 1958-59 | status
1956 1957 1958 1959
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Fieure 11.-—Valley floor in the Sevier-Sigurd ground-water basin showing Thiessen
polygons drawn around observation wells in water-table areas.

tation in the drainage basin during 1957 and to an increase in 1958
in the amount of water available for irrigation in the areas of re-
charge. The decrease during 1959 was due to a decrease in the amount
of irrigation on the recharge areas and to subnormal precipitation in
the drainage basin during 1958 and 1959.

A change in ground-water storage of about 5,600 acre-feet in the
Sevier-Sigurd basin would cause a change in ground-water level of
1 foot. This is calculated on the basis that the areas in the basin that
are under water-table conditions comprise 28,250 acres (fig. 11) and
that the average specific yield of the water-bearing materials in these
areas 1s 0.2. Small changes in water level result in very little change
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in storage in the areas under artesian conditions because the coefficients
of storage are small. Aquifer tests at three artesian wells in the basin
indicated coefficients of 0.0001, 0.001, and 0.001. (See table4.) Thus,
a decline of ground-water level of 1 foot in the 33,450 acres that con-
stitutes the artestian areas would result in a change of storage of only
about 33 acre-feet.

Inflow from other sources—The item “Inflow from other sources”
in table 9 was the last to be determined in the inflow-outflow analysis
of the Sevier-Sigurd basin. It represents inflow not previously ac-
counted for in the analysis, and it includes perennial flow in Monroe,
Water Canyon, and Cottonwood Creeks, inflow from intermittent and
ephemeral streams flowing into the valley, and side inflow of ground
water. This item was computed by taking the difference between the
known inflow and the total of the known outflow plus or minus changes
in storage.

Most of the inflow from other sources is from Water Canyon, Cot-
tonwood, Thompson, Monroe, and Dry Canyon Creeks, which flow
from the Sevier Plateau on the east, and from North Cedar Ridge,
South Cedar Ridge, Willow, and Cottonwood Creeks, which flow from
the Pavant Range on the west. Of this group, Monroe Creek is by far
the largest. It is perennial, and it probably discharges more than 10,-
000 acre-feet of water into the valley during most years. Very little
of this water, however, reaches the Sevier River directly. Most of
it seeps into the alluvial fan at the mouth of Monroe Creek Canyon
or is diverted during the irrigation season to irrigate about 1,600
acres of cultivated land. Water Canyon and Cottonwood Creeks have
small perennial flows from the east. The other creeks, fed by snow-
melt, flow only in the spring and early summer, but they contribute
considerable water to the basin. Water from each creek is used to ir-
rigate some land—probably less than 100 acres for any individual
stream.

Most of the ground-water inflow probably seeps into the earth near
the mountain front from the creeks listed in the paragraph above.
During periods of snowmelt and following summer rainstorms, a
moderate amount of water flows down the mountainsides, seeps into
alluvial fans at the mouths of the many canyons on both sides of the
valley, and eventually moves into the ground-water basin. Some water
seeps into landslide deposits and other accumulations of unconsolidated
earth materials along the mountainsides and eventually finds its way
to the main ground-water reservoir. Some water enters bedrock for-
mations in the mountains, moves toward the basin through the bed-
{;ock, and eventually flows into the alluvium of the ground-water

asin.
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Total water entering and leaving the basin—During any time inter-
val, the total amount of water entering a basin is equal to the amount
leaving the basin plus or rainus any change in storage. This total for
the Sevier-Sigurd basin was 239,000 acre-feet in 1957, 283,000 acre-feet
in 1958, and 190,000 acre-feet in 1959.

GROUND-WATER CONDITIONS BY BASINS

Large quantities of ground water are stored under both artesian
and water-table conditions in the valley fill of each of the five ground-
water basins in the central Sevier Valley. The greatest amounts are
stored in the permeable gravel and sand of the Sevier-Sigurd basin
(about 800,000 acre-feet) and the Gunnison-Sevier Bridge Reservoir
basin (about 300,000 acre-feet). The other basins contain lesser, yet
substantial, amounts. Most of the ground water currently used is de-
veloped from springs in four of the five basins and from drains in
the Redmond-Gunnison basin. The Sevier-Sigurd basin and the Gun-
nision-Sevier Bridge Reservoir basin could probably each yield an
additional 15,000 acre-feer of ground water to wells without greatly
affecting streamflow. Most of this water would be salvaged from non-
beneficial use. This and other information is presented in greater de-
tail in the following discussion of each ground-water basin.

JUNCTION-MARYSVALE BASIN

Availability and. storage of ground water—Ground water is avail-
able in the Junction-Marysvale basin in the alluvium which fills the
valley from Piute Dam to the head of Marysvale Canyon. Additional
ground water is available both in the terrace deposits on the benches
downstream from Piute Dam on both sides of the valley and in the
alluvium near Junction.

No wells have been constructed in the alluvium on the valley floor
between Piute Dam and Marysvale Canyon, and it is not known if
the ground water is under artesian or water-table conditions. Wet
meadows and marshes indicate that the alluvium in the lower part of
the valley is completely saturated with water. Ground water occurs
under water-table conditions in the terrace deposits and in the allu-
vium near Junction. The known depth to the water table in the
Junction-Marysvale basin ranges from 15 feet in well (C-80-
3)15bba-1 to 50 feet in well (C-28-3)22bbe~1.

Although there is little information concerning the thickness and
character of the deposits in the Junction-Marysvale basin, probably
about 30,000 acre-feet of ground water is stored in the sand and gravel
deposits between Piute Dam and Marysvale Canyon. (See table 5.)

Existing development.-—Most of the ground water used in the
Junction-Marysvale basin is from springs which discharge from the
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alluvium and the terrace deposits. The two biggest springs, Barnson
Springs, (C-29-8)16cch, and Taylor Pond Spring, (C-27-3)17dcb,
both discharge from the alluvium; and they yield about 11,000 acre-
feet of water annually for use in irrigation. The public supplies for
both Marysvale and Junction come from bedrock springs in the moun-
tains adjacent to the project area.

Very little ground water has been developed by wells in the Junc-
tion-Marysvale basin. Records were obtained for 28 wells, and these
records indicate that all the wells provide water for domestic and stock
purposes. Most of the wells are on the terrace on the west side of the
valley; 24 wells obtain water from the terrace deposits, whereas the
remaining 4 produce from bedrock. Twenty-one of the wells are
drilled, and 7 are hand dug. Well (C-28-3)34ccd-1, at Piute Dam,
was drilled 237 feet deep in volcanic agglomerate and produced about
one-half gallon per minute from joints in the rock at a depth of 204
feet. The other three bedrock wells are probably in the Sevier River
Formation. Wells (C-27-3)29aaa~1 and (C-28-3)8ddb-1 yield 60
and 5 gpm respectively, whereas the yield of well (C-28-8)22bbe-1 is
not known.

Open drains have been excavated in the wet bottom land between
Piute Dam and Marysvale. In secs. 28 and 33, T. 27 S., R. 3 W., about
2 miles of drain discharges about 1,000 acre-feet of water annually into
the Sevier River. The water is used for irrigation downstream.

Potential development.—About 5,000 acre-feet of water could proba-
bly be developed annually from the gravel and sand deposits under-
lying the Junction-Marysvale basin with little effect on streamflow.
About 10,000 acre-feet of water is consumed in the basin each year by
saltgrass, willows, and other phreatophytes. This loss occurs on 8,500
acres of wet lowlands between Piute Dam and the head of Marysvale
Canyon. Probably about half of this 10,000 acre-feet of water could
be salvaged from nonbeneficial use by pumping from wells. In doing
so, the natural discharge from Taylor Pond Spring near the head
of Marysvale Canyon would probably be affected to some extent. The
discharge from Barnson Springs and from the many small springs
issuing from the terrace deposits west of the lowlands would not be
affected.

SEVIER-SIGURD BASIN

Awailability and storage of ground water—Ground water under
both artesian and water-table conditions is available in the alluvium
throughout the Sevier-Sigurd basin. Artesian conditions prevail from
Central to Sigurd, generally east of U.S. Highway 89, and in a small
area on the southwest side of the Dry Wash fault, northeast of Joseph.
(See pl. 6.) Water-table conditions prevail mainly in the areas from
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Sevier to Joseph, Monroe to Central, and along the west side of the
valley extending from Elsinore to Sigurd. Ground water in small to
moderate amounts generally sufficient only for stock and domestic pur-
poses is also available under water-table conditions in the Sevier River
Formation near Joseph.

Artesian conditions in the alluvium in the Central-Sigurd area are
caused by 60-80 feet of silty clay of low permeability which overlies
the permeable gravels in most of the area. The piezometric surface of
the water ranges from about 40 feet below land surface in well
(C-28-2)17cdd-1 to 20 feet above land surface in well (C-23-2)
19dab-1. The hydraulic head generally increases with the depth of
the well; this increase suggests upward leakage from the deeper
artesian aquifers into the shallower artesian aquifers.

Artesian conditions in a small basin northeast of Joseph are due in
part to the Dry Wash fault. Ground-water rises along the barrier
formed by the fault into a series of gravel beds and is there confined
under pressure by an overlying layer of silt of low permeability.

Recharge for the artesian basin takes place upstream where the
ground water occurs under water-table conditions. (See pl. 6.) The
observed water table in the recharge area ranges in depth below land
surface from 125 feet in well (C-25-3)28cad-1 to 33 feet in well
(C-24-3)27cbd-1.

The Sevier-Sigurd basin has the largest ground-water storage capac-
ity of any of the basins within the central Sevier Valley. Probably
about 800,000 acre-feet of ground water is in storage in the sand and
gravel deposits of the basin. (See table 5.) Most of this water is in
the artesian area extending from Central to Sigurd. There the prin-
cipal water-bearing zones are lenses of sand and gravel which are at
various depths below the land surface. (See pl.8.) The beds of sand
and gravel are separated by water-bearing silt and clay which are
too fine grained to yield water readily to wells.

Ewisting development—Most of the ground water now used in the
Sevier-Sigurd basin is discharged by springs from both alluvium and
bedrock. The major springs discharging from the alluvium are in the
Three Lakes area, sec. 4, T. 24 S., R. 2 W; at Herrins Hole, (C-28-2)
23bdb; in the springs areas in secs. 27,28, and 33, T.23 S.,R.2 W.; and
at Black Knoll Spring, (C-23-2)12bbe. Discharge from these springs
and seepage along the west side of Rockyford Reservoir have a com-
bined total annual discharge of about 18,000 acre-feet. The water is
used for irrigation and for fish culture.

The major springs discharging from bedrock are Glenwood Spring,
(C-23-2)36cbd ; Parcell Creek Spring, (C-23-2)25cca; Indian Creek
Spring, (C-23-2)25bdb; Richfield Spring (C-23-8)26aca; Monroe
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Hot Springs, (C-25-83)10dda; and Joseph Hot Springs (C-25-4)
23aac. These springs have a combined annual discharge of about
10,000 acre-feet, most of which is used for irrigation. Richfield and
Glenwood Springs are the municipal supply for Richfield and Glen-
wood, and Glenwood Spring is used also for fish culture. The com-
munities of Sevier, Joseph, Monroe, Elsinore, Austin, Annabella, Cen-
tral, Sigurd, and Vermillion all obtain water for public supply from
bedrock springs in the mountains adjacent to the project area.

Wells produce about 7,000 acre-feet of ground water annually in
the Sevier-Sigurd basin. About 6,000 acre-feet flows freely from wells,
and the other 1,000 acre-feet is pumped. Although more wells have
been constructed in the Sevier-Sigurd basin than in any other part
of the central Sevier Valley, most of them are small-diameter wells
ranging from 50 to 180 feet in depth. They are used mostly for stock
and domestic purposes, and their yields are small.

Records were obtained for more than 300 flowing wells between
Central and Sigurd. Most of these wells are used for stock watering
and for irrigation of pastures; but in the vicinity of Venice, wells pro-
vide water for irrigation and for domestic use. They are mostly 2—4
inches in diameter, and they yield water through the open bottom of
casings without benefit of well screens or casing perforations. Records
were obtained in the Sevier-Sigurd basin for only 12 wells that are 8
inches or more in diameter. All these wells yield water through
screens or perforated casings. Six of the wells are used for irrigation,
3 for municipal supply, and 8 for industrial use. Four of the wells,
flow, whereas the other eight are pumped. Three of the flowing wells—
(C-24-2)5bce-5, (C—24-2)6abe-1, and (C-24-2)6bbd-1—are used
for irrigation, as are three of the pumped wells—(C-24-3)23bad-1,
(C-24-3)12bda~1, and (C-28-2)14cdd-1. The municipal wells are
(C-23-1)20ade-1, (C-28-3)25bab-1, and (C-24-3)29ddb-1. The
three industrial wells are (C-23-2)laab-3 and (C-23-2)laac—6, used
by a gypsum processing plant, and (C-24-3)27cbd-1, used for washing
sugar beets.

About 10,000 acre-feet of ground water is drained annually from
an estimated 20 miles of both open and buried tile drain in the Sevier-
Sigurd basin. About 4,000 acres of land is drained, and the water is
used to irrigate both cultivated fields and pasturelands downstream.

Potential development—An additional 15,000 acre-feet of water
could probably be pumped annually from wells penetrating the
gravel and sand deposits of the Sevier-Sigurd basin without greatly
affecting the flow in the Sevier River. About 10,000 acres of wet
meadowland containing growths of saltgrass, willows, and other
phreatophytes annually discharge about 30,000 acre-feet of water into
the air. It is believed that about half of this water could be salvaged.
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New production wells would have the least effect on the river if
they were constructed in the area between Central and Sigurd, where
artesian conditions prevail. In this part of the basin, the cones of
depression surrounding pumped wells would spread to relatively large
areas, but they would have little effect on the flow in the river because
the 60-80 feet of silt and clay overlying the permeable gravel and
sand deposits in most of the area would prevent appreciable leakage
from the river. The amount of water entering the river through
springs, seeps, sloughs, flowing wells, and drains, however, would be
slightly reduced. Springs issuing from bedrock in adjacent areas,
such as Richfield Spring, (C-23-3)26aca, and Glenwood Spring,
(C-23-2) 86¢bd, would not be affected.

AURORA-REDMOND BASIN

Awadlability and storage of ground water—Ground water is avail-
able in the alluvium throughout the Aurora-Redmond basin under
either artesian or water-table conditions. Artesian conditions exist
from the area east of Aurora to the Redmond Hills. Water-table con-
ditions exist from immediately below Rockyford Reservoir to Aurora
and on both the east and west sides of the valley bordering the artesian
area. The piezometric surface in the artesian area ranges from 10
feet below land surface in well (C-21-1)27aad-1 to 10 feet above land
surface in well (C-21-1)13abd-i. The depth to water in the area
where water-table conditions prevail ranges from 10 feet below land
surface in well (D-21-1)19bbe-2 to 180 feet in well (C-21-1)16dbe-1.

Ground water is available in the Sevier River Formation on the
west side of the valley. The formation yields from 1 to 18 gpm to
existing stock wells in the area, but the potential yield of the aquifer
to wells is not known.

The amount of ground water stored in the sand and gravel deposits
of the Aurora-Redmond basin is about 200,000 acre-feet. (See table
5.) Most of this storage is in the artesian area in beds of sand and
gravel which range from depths of about 20 to 585 feet below the
land surface. The beds of sand and gravel are separated by water-
bearing silts and clays which are too fine grained to yield water readily
to wells.

Ewxisting development—The largest development of ground water
in the Aurora-Redmond basin is from springs. The most concen-
trated area of springs is in secs. 11 and 12, T. 21 S., R. 1 W, and these
springs feed Redmond Lake. The springs are fed by the upward
movement of water from the artesian aquifers along the south side of
the Redmond Hills, and they discharge about 11,000 acre-feet of water
annually. The water is used for irrigation near Redmond during
the growing season and is discharged into the Sevier River during
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the winter. Bedrock springs in the mountains adjacent to the valley
supply water for municipal use at Salina and Aurora.

Very little ground water has been developed by wells in the Aurora-
Redmond basin. The wells tap either the alluvium or the Sevier
River Formation, and most of the wells are less than 6 inches in
diameter and supply water for domestic and stock use only. Several
6-inch wells drilled on the south side of the Redmond Hills produce
water from gravel in the alluvium 65 feet below land surface, and they
supply water for the town of Redmond. The town of Aurora uses
an 8-inch well, (C-22-1)5bac-1, to supplement the supply from spring
(C-21-1)20bce, which is the principal municipal source of water.

With the exception of wells in the Sevier River Formation, only one
well in the basin derives water from bedrock. Well (C-21-1)26bdb-1,
a flowing well, was originally drilled as an oil test, and it taps water
from Tertiary volcanic rock at 620 feet.

Little development by drains has been attempted in the Aurora-
Redmond basin. A few open and a few buried tile drains have been
constructed near the lower parts of fields bordering the Sevier River
to convey excessirrigation water off the land.

Potential development—Any development to salvage water from
nonbeneficial use in the Aurora-Redmond basin should be in the
artesian area in the vicinity of Redmond Lake. Development else-
where would tap the flow of the Sevier River. Wells should be con-
structed along the west margin of the basin, where the water is fresh.
The ground water along the east margin of the basin is slightly to
moderately saline because of the proximity of deposits of Arapien
Shale. Although about 3,000 acre-feet of water might be developed
from the artesian area, probably not more than 500-1,000 acre-feet
of water could be pumped annually without greatly affecting springs
that feed Redmond Lake. Such development should proceed with
caution, however, because Redmond Lake furnishes about 11,000 acre-
feet of water each year to irrigators in the vicinity of Redmond. Al-
though about 9,000 acre-feet of water is used annually by vegetation
of low economic value on about 3,000 acres of waterlogged land in the
Aurora-Redmond basin, a substantial part of this water probably
could not be salvaged by pumping from wells without affecting the dis-
charge from the springs flowing into Redmond Lake. ‘

REDMOND-GUNNISON BASIN

Awailability and storage of ground water—Ground water is avail-

able under either water-table or artesian conditions almost everywhere
in the alluvium of the Redmond-Gunnison basin of the central Sevier

Valley and in the Sevier River Formation on the west side of the val-
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ley. Water-table conditions prevail from Redmond north to Gunni-
son on both the east and the west sides of the valley. The depth to the
water table below land surface ranges from 10 feet in well (D-19-1)
22dca-1 to 160 feet in well (C-19-1)35cdd-1.

Artesian conditions exist in a narrow strip of alluvium extending
from Redmond northward to west of Axtell along the center of the
valley. From the area west of Axtell northward, the artesian area in-
creases in width as the confining silty clay cover extends from the
river both eastward and westward. The silty clay cap ranges in thick-
ness from 20 to 80 feet and continues northward into the next basin.
The piezometric surface in the artesian areas ranges from 24 feet below
land surface in well (C-19-1)23cba~1 to 4 feet above land surface in
well (C-19-1)25cdd-5.

About 150,000 acre-feet of ground water is in storage in the sand
and gravel deposits of the Redmond-Gunnison basin. (See table 5.)
The most permeable of these deposits underlie the artesian area at
depths of from about 20 to 180 feet below land surface.

Existing development—Ground-water development in the Red-
mond-Gunnison basin has mostly been from flowing wells in the bot-
tom of open drains. About 5 miles of such drains, containing
approximately 200 flowing wells, each 2 inches in diameter, exist
in the area adjacent to the Sevier River, generally west of Center-
field. About 8,000 acre-feet of water from these drains is used an-
nually for irrigation downstream.

Wells 6 inches or less in diameter supply water for domestic and
stock use on individual farms throughout the basin, the greatest con-
centration being in and around Axtell. Most domestic and stock
wells are in the alluvium, but many on the west side of the valley
are in the Sevier River Formation.

Three large-diameter pumped wells—(C-19-1)10dcb-1, (C-19-1)
23bec-1, and (C-19-1)23cac~1—produce about 700 acre-feet of water
annually for irrigation. These wells derive water from gravel zones
in the alluvium between 35 and 180 feet below land surface.

Springs discharge about 4,000 acre-feet of water annually from
the alluvium along the valley floor west of Centerfield. It is not
known if the springs are natural or if they are concealed old open
drains. Water from the springs flows into the river and is diverted
for irrigation downstream.

No springs are known to discharge from bedrock within the
Redmond-Gunnison ground-water basin. Numerous springs discharge
from bedrock in the hills east of the valley, however, and two of them
(D-19-2)4daa and (D-19-2)20ddd, furnish water for the municipal
supply at Gunnison and Centerfield, respectively. Bedrock springs
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also supply irrigation water for areas east of Gunnison and Axtell.
The source of water for the bedrock springs is precipitation on the
Wasatch Plateau to the east. Part of the precipitation sinks into the
earth and percolates down through the bedrock. When it meets
the underlying relatively impermeable Arapien Shale, the water is
forced to the surface, and springs result.

Potential development—The development of ground water as a
means of salvaging water is not recommended in most parts of the
Redmond-Gunnison basin, although about 21,000 acre-feet of water
is wasted annually on about 7,000 acres of wetland in the basin.
Ground water in the gravel and sand beds underlying most of the
basin is slightly to moderately saline because the Arapien Shale, which
contains salt and gypsum deposits, underlies most of the valley at
depth of less than 200 feet. Pumping large quantities of this water for
irrigation would result in return flow of water of very poor quality,
thus a lower general quality of water downstream in the Sevier River
system.

If the salvage of water is attempted, the results would be more fruit-
ful in the northwestern part of the basin west of the Sevier River in
secs. 11, 14, and 23, T. 19 S, R. 1 W., where the valley fill is more than
300 feet thick and the ground water contains less dissolved minerals.
In this part of the basin, a layer of silty clay that is about 20-80 feet
thick separates the river from the underlying sand and gravel aqui-
fer. The water in the aquifer, therefore, is under artesian conditions,
and pumping from wells would have little effect on flow in the river.
There might be a decrease in flow, however, from sloughs, drains, and
flowing wells which drain into the river. Because the area that might
be developed is comparatively small, pumping large quantities of
water may induce the inflow of slightly to moderately saline ground
water into the aquifer from adjacent areas. The amount of water
that could be developed annually during a long period of time would
probably be less than 1,000 acre-feet.

GUNNISON-SEVIER BRIDGE RESERVOIR BASIN

Awailability and storage of ground water.—Ground water in the
Gunnison-Sevier Bridge Reservoir basin is available in large quanti-
ties under artesian conditions in the alluvium in the center of the
valley floor and in lesser amounts under water-table conditions in the
alluvium and in the Sevier River Formation at the sides of the valley
floor. The observed water table ranges in depth from 30 feet below
land surface in well (C-19-1)12dcc-1 to 90 feet below land surface
in well (C-19-1)3bbe~1. Much of the artesian area is overlain by
the Sevier Bridge Reservoir. The confining material in the artesian
area is a silty clay which ranges in thickness from about 20 to 80 feet
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and is a continuation of the same confining material that overlies the
artesian area in the Redmond-Gunnison basin. The observed piezo-
metric surface in the artesian area ranges from 5 feet below land sur-
face in well (C-19-1)12cac-1 to 7 feet above land surface in well
(C-18-1)3ced-1.

About 800,000 acre-feet of ground water is stored in the sand and
gravel deposits in the Gunnison-Sevier Bridge Reservoir basin. (See
table 5.) The best aquifers are the beds of sand and gravel between
depths of 40 and 425 feet below land surface.

Ewisting development.—Ground water from wells in the Gunnison-
Sevier Bridge Reservoir basin is used mostly for stock and for irriga-
tion. Records were obtained for more than 200 flowing wells, each
2-3 inches in diameter and 20-80 feet deep, in the center of the valley.
These wells discharge about 3,900 acre-feet of water annually. Do-
mestic and stock wells that are 6 inches or less in diameter derive
water from alluvium and from the Sevier River Formation and are
used on individual farms throughout the basin. Only one well,
(C-18-1)12abb-1, that exceeds 6 inches in diameter has been drilled
in this basin.

Springs and seepage areas, particularly in secs. 2, 11, and 13, T. 18
S., R. 1 W, annually discharge about 12,000 acre-feet of water which
is used for irrigation. Springs discharge water from the alluvium
where there are leaks in the confining silty clay. Some of the
“springs” may have originated as flowing wells whose casings have
since rusted away.

The drains in the Gunnison-Sevier Bridge Reservoir basin consist
mostly of a few channels that have been excavated to convey water
from spring areas to the Sevier River. Also, some waste ditches at
the lower ends of irrigated fields convey excess irrigation water to
the river. The combined annual discharge of drains and springs in
the basin is about 14,000 acre-feet.

Fayette Spring, (D-18-1)19dab, is the only large bedrock spring
in the Gunnison-Sevier Bridge Reservoir basin. The source of the
spring is precipitation on the Gunnison Plateau, and it issues from
solution channels in the Flagstaff Limestone. The spring discharges
about 1,900 gpm, or about 3,000 acre-feet annually, and it is the
source of municipal supply for Fayette as well as an irrigation supply
for lands in the near vicinity.

Potential development—About 15,000 acre-feet of water could be
pumped annually from gravel and sand artesian aquifers in the valley
fill in the Gunnison-Sevier Bridge Reservoir basin without greatly
affecting the flow in the Sevier River. Much of this water would
be salvaged from the estimated 30,000 acre-feet of water which is
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discharged from about 10,000 acres of wetland supporting growths
of saltcedar, willow, and other phreatophytes. Because the river is
separated from the aquifer by about 20-80 feet of silty clay, pumping
from wells would not directly affect the streamflow. The pumping,
however, probably would decrease the side inflow into the stream
from sloughs, springs, drains, and flowing wells. The flow from
Fayette Spring would not be affected by pumping from aquifers in
the valley fill.

EFFECTS OF DEVELOPING ADDITIONAL GROUND WATER IN THE
CENTRAL SEVIER VALLEY

Pumping additional water from wells in any of the ground-water
basins in the central Sevier Valley would eventually lower ground-
water levels and reduce artesian pressures. The amcunt of lowering
would be proportional to the net amount of water removed. The net
removal of about 5,600 acre-feet of water from the Sevier-Sigurd
ground-water basin would probably lower water levels in the basin
1 foot. Similar or smaller amounts of water removed from the other
ground-water basins also would probably lower water levels in those
basins a like amount.

If water is pumped from wells penetrating artesian aquifers, a
reduction of artesian pressure would spread rapidly to rather large
areas and would eventually affect water-table areas. If, on the other
hand, the water is pumped from wells penetrating water-table aqui-
fers, the lowering of water levels would spread slowly and would be
limited largely to the vicinity of the pumped wells. If the pumping
from the water-table areas were continued long enough, the effects of
pumping would eventually extend to the artesian areas and cause a
reduction of artesian pressure.

The greatest benefits of pumping would result from reducing arte-
sian pressures. The reduction of artesian pressure would reduce or
stop the discharge of ground water at the land surface in large areas
and would eventually cause many sloughs and waterlogged areas to
become dry. This would make available for beneficial use much water
now being wasted by nonbeneficial evapotranspiration. Much water-
logged land, now impregnated with residue salts left by evaporation
of ground water, would eventually become fertile if irrigation water
were applied at intervals from above rather than seepage water ap-
plied constantly from below. With more efficient overall use of water,
more water would be available to satisfy local and downstream water
rights.

The flow of water in the Sevier River would not be greatly affected
by reduced artesian pressures, because the river is separated from the
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artesian aquifers by 20-80 feet of relatively impermeable silty clay
which would prevent seepage directly from the river. The amount of
water flowing into the river from springs and seeps in the alluvium,
however, would be reduced by a reduction in artesian pressure. A
general lowering of areal ground-water levels would result in a slight
increase of seepage from the river to the ground-water body in those
areas where the water table slopes away from the river.

The greatest detriment of reducing artesian pressures would be the
reduction or cessation of flows from wells and springs which tap the
alluvium. Losses resulting from these reduced flows could be re-
placed by part of the water pumped from new production wells or by
water diverted from the river upstream.

A program of developing the ground-water resources of the central
Sevier Valley probably should proceed slowly. Production wells at
first might be several miles apart. A network of observation wells
around the production wells could be measured periodically to deter-
mine the amount and extent of the lowering of water levels or the
reduction of artesian pressures. Production wells could be constructed
almost anywhere in the artesian areas without directly tapping the
river. In the water-table areas, however, production wells might be
at least one-half mile from the river to prevent the spread of the
cone of depression to the river, which| would greatly increase the
natural seepage from the river to the ground-water reservoir. The
discharge from springs and flowing wells in the vicinity of the produc-
tion wells could be measured periodically to determine any reduction
in flow.

To be most effective, a program of ground-water development could
be coordinated with a program improving surface-water diversion
and distribution systems and a program of phreatophyte control.
Probably about 85,000 additional acre-feet of water could eventually
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ductance, pH, and hardness. Table 11 gives the chemical analyses of
water from selected wells, test holes, and springs in the area. The
chemical quality of surface waters was given by Connor and others
(1958, p. 2712-275).

QUALITY IN RELATION TO USE
IRRIGATION

The characteristics of a water that appear to be most important in
determining its suitability for use in irrigation are “(1) total concen-
tration of soluble salts; (2) relative proportion of sodium to other
cations; (3) concentration of boron or other elements that may be
toxic; and (4) under some conditions, the bicarbonate concentration
as related to the concentration of calcium plus magnesium” (U.S.
Salinity Laboratory Staff, 1954, p. 69).

The concentration of soluble salts, or salinity, may be expressed in
units of dissolved solids or of specific conductance. In this report,
the classification of water is that used by Robinove, Langford, and

Brookhart (1958) and is as follows:

8pecific conduc-
Dissolved solids tance (micro-

Class (ppm) mhos at 25° 0)

Fresh R <1, 000 <1, 400
Slightly saline. - 1, 000-3, 000 1, 4004, 000
Moderately saline 3, 000-10, 000 4, 00014, 000
Very saline N 10, 000-35, 000 14, 000-50, 000
Brine >35, 000 >50, 000

Fresh water is suitable for irrigation, and slightly to moderately sa-
line water can be used with proper land drainage. Of the 72 samples
of ground water from the central Sevier Valley for which analyses
are given in table 11, 69 percent were fresh, 17 percent were slightly
saline, and 14 percent were moderately saline. The quality-of-water
diagrams in plate 5 indicate that the ground water becomes generally
more saline in a downstream direction.

The relative proportion of sodium to other cations and the probable
extent to which a soil will absorb sodium from the water (thereby
becoming less permeable), may be expressed in terms of sodium-

Na*
adsorption-ratio (SAR), where SAR= [Ca*?>+Mg*. The SAR
2

value is an index of sodium hazard. The concentrations of sodium,
calcium, and magnesium in the formula are expressed as equivalents
per million.
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FigurE 12.—Sodium-adsorption-ratio and salinity hazard of water in the Junction-
Marysvale basin,

Water from selected wells and springs in the central Sevier Valley
has been classified in figures 12-15 by using the indices of salinity and
sodium hazard according to a diagram developed by the U.S. Salinity
Laboratory Staff (1954, p. 80). The data plotted in figures 12-15
indicate that in general the water of best quality for irrigation is from



QUALITY OF WATER

81

100 2 3 4 5 6 7 8 91000 2 3 4 5000
.gb! | [ I I T I17T 171 I I I
= !
< 30 EXPLANATION -3
g3 | x
28 ’_ Water from springs _
i L]
i Water from wells 0-100 ft deep
26‘ <] o
ll Water from wells more than 100 ft deep
= !
Lo 24 — -1
I im
R7]
I
22 — —
|
i 20, —{20
5 )
e
x18 -
Z
Q
=
5| g6 g
T4 ~
=
>
<)
Bz ~
\\
10 —
\ s
8 \ I
—lw
*
4 e
® 3
2 ° o -
e}
:0910 °R ; *
0 ¥ux] 1 xypofocpe ey . 1 L
100 250 750 2250
0{9‘\:\\ CONDUCTIVITY (micromhos per cm at 25°C)
Cl c2 Cc3 c4
Low Medium High Very high

SALINITY HAZARD

F1eurp 13.—Sodium-adsorption-ratio and salinity hazard of water in the Sevier-Siguard

basin,

springs; that, in any given basin, wells more than 100 feet deep yield
water of better quality for irrigation than do wells less than 100 feet
deep; and that in general the quality of water for irrigation deteri-
orates in a downstream direction. (See quality-of-water diagrams

onpl.5.)
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Fieurn 14.—Sodium-adsorption-ratio and salinity hazard of water in the Aurora-Redmond
basin.

A small quantity of boron is essential to the normal growth of all
plants, but excessive concentrations of boron are toxic to plants. Tox-
icity varies according to the tolerance of individual species. (See
tables 9 and 14 in U.S. Salinity Laboratory Staff, 1954.) In general,
water containing less than 0.33 ppm (parts per million) of boron is not
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FIGURE 15.—Sodium-adsorption-ratio and salinity hazard of water in the Redmond-Gun-
nison-Sevier Bridge Reservoir basin.

harmful to any plant, whereas water containing more than 3.75 ppm
may be toxic to all crops if used undiluted. Five samples from the

central Sevier Valley were analyzed for boron.

(See table 11.) Two

of the samples, from well (C-23-2)27bcc—2 and spring (C-23-2)28-
dad, contain less than 0.33 ppm of boron; thus, water from these

748-957T—65——7
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sources is suitable for irrigation of all types of plants. One sample,
from well (C-19-1) 11bdd-1, contains 1 ppm of boron ; water from this
source might not be suitable for irrigation of certain plants, such as
fruit trees, which are particularly sensitive to boron. Water from two
hot springs, (C-25-3)10dda and (C-25-4)23aac, contains 3.9 and 4.8
ppm, respectively; if this water were used undiluted for irrigation,
damage to plants would result.

The relation of the bicarbonate concentration to the concentration
of calcium plus magnesium may be expressed as residual sodium car-
bonate (RSC), where RSC=(CO;*+HCO;?)— (Car2+Mg).2
The U.S. Salinity Laboratory (1954, p. 81) stated, “Waters with
more than 2.5 meq. per 1. (millequivalents per liter) ‘residual sodium
carbonate’ are not suitable for irrigation purposes.” Of the samples
analyzed, only water from test hole 12, (C-21-1)25bba-1, has RSC
that exceeds 2.5 meq per 1.°

DOMESTIC AND PUBLIC SUPPLY

The U.S. Public Health Service (1962) has recommended drinking
water standards for domestic and municipal use. The recommended
maximum concentration for some of the more common chemical sub-

stances are
Paris per million

Substance (ppm)
Chloride 250
Fluoride )
Iron .3
Manganese .05
Nitrate. 45
Sulfate 250
Dissolved solids. 500

1The recommended maximum fluoride concentration is variable, depending on air tem-
perature. For temperatures similar to that at Richfleld, the maximum recommended
fluoride concentration is 1.2 ppm. (See U.S. Public Health Service, 1962, p. 8.)

According to the analyses listed in table 11, the recommended maxi-
mum concentrations were exceeded as follows: Chloride in 18 samples,
fluoride in 7 samples, iron in 8 samples, manganese in 6 samples, ni-
trate in 8 samples, sulfate in 21 samples, and dissolved solids in 33
samples. About 50 percent of the samples do not exceed any of the
recommended maximum concentrations of the Public Health Service.

The hardness of water is an important consideration in both domes-
tic and public supplies. Soap consumption for cleansing, washing,
and laundering operations increases as the hardness increases. Water

8 The concentrations are expressed in equivalents per million,
9 The sample was collected soon after test hole 12 was completed. before the well was
bailed or pumped. Thus, the sample may have been contaminated with drilling mud.
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hardness is also related to incrustations (boiler scale) formed in
pipes, coils, and boilers. Calcium and magnesium are the principal
constitutents that cause hardness, Hardness equivalent to the car-
bonate and bicarbonate is called carbonate hardness; the remainder of
the hardness is called noncarbonate hardness.

The classification used by the U.S. Geological Survey to describe
water with reference to hardness is as follows: Less than 60 ppm, soft;
61-120 ppm, moderately hard; 121-180 ppm, hard; and more than
181 ppm, very hard. Water having a hardness of more than 200 ppm
needs to be softened for most purposes. Of the 70 samples for which
hardness was determined, all exceeded 60 ppm and 55 exceeded 181
ppm. The Tertiary volcanic rocks, where unfaulted, yielded water
softer than that from any other formation.

LIVESTOCK

Although animals are able to tolerate water with higher dissolved-
solids concentrations than is man, prolonged periods of drinking
highly mineralized water may result in physiological disturbances, such
as wasting, gastrointestinal disturbances, disease, and eventual death
of the animal. Other effects are reduction in lactation and rate of
reproduction. The Department of Agriculture of Western Australia
(1950) listed the following threshold salinity (dissolved solids) con-
centrations, in parts per million, for:

Poultry 2, 860
Swine 4, 290
Horses 6,440
Cattle, dairy 7,150

Beef 10, 000
Sheep, adult, dry. 12, 900

The State of Montana (W. F. Storey, oral commun., 1962) rates
water containing less than 2,500 ppm of dissolved solids as good for
use by livestock, 2,500-3,500 ppm as fair, 3,500-4,500 ppm as poor, and
more than 4,500 ppm as unfit. Most of the ground water in the central
Sevier Valley is suitable for livestock, although the stock will not
drink some of the highly mineralized water if better water is available.

INDUSTRY

Industries use water extensively for processing, cooling, and steam
generation. The requirements as to quality of the water for industrial
use vary according to the particular use involved and the product being
manufactured. Very saline water can be used for cooling if fresher
water is not available, but industry generally requires fresh water for
processing and for steam generation.
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Hardness and silica content are two of the major considerations in
industrial supplies. Hardness has been discussed above in the section,
“Domestic and public supply.” Silica forms a hard adherent scale in
boilers, and Moore (1940, p. 263) suggested the following allowable
concentration of silica in water for boilers operating at various pres-
sures: less than 150 psi (pounds per square inch), 40 ppm; 150-250 psi,
20 ppm ; 250-400 psi, 5 ppm; and more than 400 psi, 1 ppm. Of the 66
samples analyzed for silica (listed in table 11), all exceeded 5 ppm, 50
exceeded 20 ppm, and 14 exceeded 40 ppm. The volcanic rocks of
Tertiary age, on the average, contained water that had a higher silica
content than did water from the other formations.

Temperature is a major factor in considering water to be used in
cooling systems. Temperature measurements of the water from 436
wells ranged from 43° to 68°F. Almost 90 percent of the temperatures
measured, however, were between 51° and 59°F. A temperature of
150°F was reported for water from well (C-22-1)32da, which was
drilled to a depth of 9,638 feet as an oil test. Temperature measure-
ments of water issuing from 24 springs ranged from 47° to 68°F, and
75 percent of these were between 51° and 59°F. Monroe Hot Springs,
(C25-3)10dda, and Joseph Hot Springs, (C-25-4)23aac, both of
which issue along fault lines, were measured at 169° and 147°F,
respectively.

QUALITY OF GROUND WATER, BY BASIN

Water of good to excellent quality for irrigation and stock use and
for domestic, industrial, and public supply is available in aquifers
throughout most of all the ground-water basins in the central Sevier
Valley except the Redmond-Gunnison basin. In the latter basin, most
of the ground water is slightly to moderately saline, and it generally
is not satisfactory for irrigation unless disluted with fresh water.

Ground water in the Junction-Marysvale basin generally is suitable
for all types of use. Some waters, however, contain fluoride in excess
of the amount recomemnded for domestic and public supply by the
U.S. Public Health Service (1962, p. 8). Well (C-30-3)16bbb-1 con-
tains 3.1 ppm of fluoride, and well (C-26—4)29bba—1 contains 3.9 ppm.
Spring (C-27-414)86cca, which flows from Tertiary volcanic rocks
about 3 miles southwest of Marysvale and furnishes the public supply
for Marysvale, yields water containing 4.6 ppm of fluoride. Well
(C-26—4)29bba-1, which is believed to tap Tertiary volcanic rocks,
yields water that contains 20.0 p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>