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CCMlERSION FACKRS, VERTICAL ffi'IUM, AN)

ABBREVIATED WATER-QUALITY UNITS

IlJ.ltiply
acre

acre-foot (acre-ft)

acre-foot per year (acre-ft/yr)
cubic foot per second (ft3/S )

foot (ft)
foot per year (ft/yr)
foot per day (ft/d)
foot per day per foot (ft/d/ft)
foot squared per day (fe/d) 1

foot squared per second (ft 2/s )
gallon per minute (gal/min)
inch (in.)

inch per year (in/yr)
mile (mi)
square mile (mi 2 )

By
0.4047

4,047
0.001233

1,233
1,233

0.02832
0.3048
0.3048
0.3048
0.3048
0.0929
0.0929
0.06309

25.4
0.0254
0.0254
1.609
2.59

'lb obtain
hectaneter
square meter
cubic hectaneter
cubic neter
cubic neter per year
cubic neter per second
neter
neter per year
neter per day
neter per day per neter
neter squared per day
neter squared per serond
li ter per serond
millimeter
neter
neter per year
kilareter
square kilaneter

Water temperature is reported in degrees Celsius (OC), which can be
ronverted to degrees Fahrenheit (OF) by the follooing equation:

OF =1.8 (OC) + 32.

Sea level: In this report, "sea level" refers to the National Geodetic
Vertical Datum of 1929-a geodetic datum derived frcm a general adjustment of
the first-order level nets of the United States and Canada, fornerly called
sea ~vel D3.tum of 1929.

Chemical concentration and water temperature are reported only in netric
units. O1emical concentration is rep::>rted in milligrans per liter (mg/L) or
micrograms per liter (~g/L). Milligrams per liter is a unit expressing the
solute per unit volune (liter) of water. Q1e thousand micrograms per liter is
equivalent to 1 milligram per liter. For concentrations less than 7,000
milligrams per liter, the numerical value is about the same as for
concentrations in parts per million. Specific conductance is reported in
micr06ienens per centineter (~S/an) at 25 degrees Celsius.

Chemical concentration for water~lity diagrams shown on plate 1 are
rep::>rted in milliequivalents per liter. Milliequivalent-per-liter values can
be calculated by multiplying the milligrams per liter by the ionic charge
divided by the rrolecular weight of the ions.

1 Expresses transmissivity. An alternative way of expressing
transmissivit¥ is cubic foot per day per square foot, times foot of aquifer
thickness [ft /d/fe 1ft.
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GRCUND-WATER HYDIDI.(X;Y OF '!HE UPPER SE.VIER RIVER BASIN, ~-cENI'RAL

UTAH, AID SIMULATION OF GInJND-WATER FI.CW IN '!HE VAlLEY-FILL
ACUIFER IN PA1'GJI'ICH VALLEY

By Susan A. '!hiros am William C. Brothers

The ground-water hydrology of the upper sevier River basin, prbnarily of
the unconsolidated valley-fill aquifers, was studied from 1988 to 1989.
Recharge to the valley-fill aquifers is I1Dstly by seepage fran surface-water
sources. Q1anges in soil-noisture content am water levels were measured in
Panguitch Valley both at a flood-irrigated and at a sprinkler-irrigated
alfalfa field to quantify seepage fran unconsuneCl irrigation water. Lag time
between irrigation and water-level reSPOnse decreased fran 6 to 2 days in the
flood-irrigated field as the soil-noisture content increased. Water levels
measured in the sprinkler-irrigated field did not respond to irrigation.
Discharge fran the valley-fill aquifer to the sevier River in Panguitch Valley
is about 53,570 acre-feet per year.

Water levels rreasured in wells fran 1951 to 1989 tend to fluctuate with
the quantity of precipitation falling at higher elevations. Ground-water
discharge to the Sevier River in Panguitdl Valley causes a general increase in
the specific conductance of the river in a dCMl1Stream direction.

A three-layered ground-water-flCM roodel was used to simulate the effects
of changes in irrigation practices am increased ground-water withdrawals in
Panguitch Valley. The establishment of initial conditions consisted of
comparing simulated water levels and simulated gains and losses fran the
Sevier River and selected canals with values measured during the 1988
irrigation season. The roodel was calibrated by canparing water-level changes
rreasured fran 1961 to 1963 to simulated changes. A simulated change from
flood to sprinkler irrigation resulted in a maximum decline in water level of
0.9 feet after the first year of change. Sirrulating additional discharge fran
wells resulted in drawdowns of about 20 feet after the first year of ptmlping.

INIK>IXJCl'ION

The ground-water hydrology of the upper Sevier River basin in south
central Utah (fig. 1) was studied from 1988 through 1989 by the U.S.
Geological Survey in cooperation with the Utah Department of Natural
Resources, Division of Water Rights. '!he study was oomucted to provide the
Division of water Rights with additional infonration about ground water in the
valley-fill aquifers am the consolidated rocks of the area. '!his information
will help the Division better manage the development am distribution of water
resources in the area. '!he prbnary objectives of the study were to (1) better
define the ground-water hydrology of the valley-fill aquifers, most
bnportantly the ground-water/surface-water relations, and (2) estimate the
effects that changes in water-management practices might have on the
hydrologic system.
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Figure 1. Location of the upper Sevier River basin in Utah and the geographic setting of the study area.
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Purp::se and SCq:?e

This report describes the ground-water hydrology of the upper Sevier
River basin am presents estirrated effects on the valley-fill aquifers caused
by changes in water-managem::mt practices. Reported aspects of the ground
water hydrology include characterization of the ground-water reservoirs,
description of ground-water budget canp:ments, am definition of the chemical
quality of the ground water. '!he ronstruction am awlication of a digital
<X1lputer roodel simulating groum-water flow in a representative valley wi thin
the basin is also described.

Methods of Investigation

Information collected by the u.S. Geological Survey from 1951 to 1989, in
addi tion to that of other State and Federal agencies, was used for this study.
Previously collected water-level, discharge, and chemical-quality data fran
the upper sevier River basin were c:x:npiled from U.S. Geological Survey files
and studied along with data collected in conjunction with this study.
Subsurface information from drillers I logs of wells obtained from the Division
of Water Rights also were used. Lam-use data, field checked in 1981, were
used to delineate phreatophyte areas, irrigated areas, and crop type.
Streamflow gain-loss studies were made on the Sevier and East Fork sevier
Rivers am on selected canals to determine the degree of connection between
the shallow ground water and these surface-water bodies. Data rollected fran
neutron-probe access tubes am monitoring wells installed during the study
were used to help understam the process of seepage fran unconsumed irrigation
water. A three-dirrEnsional groum-water-flow rrodel was ronstructed to better
understam the ground-water-flow system and to estimate the effects of changes
in water-management practices in a representative valley within the basin.

Ackoowledgnents

The assistance and cooperation of local land owners and employees of
irrigation companies, the Sevier River Commissioner, Bryce Canyon National
Park, and the Soil Conservation service greatly aided in the collection of
data for this study. Information, time, am access to hydrologic-data sites
suWlied by these individuals and agencies are awreciated.

Nurrt>ering System for Hydrologic-IXlta Sites

The system of numbering wells and springs in Utah is based on the
cadastral land-survey system of the u.S. Goverl1IlEnt. The number, in addition
to designating the well or spring, describes its position in the land net. The
land-survey system divides the State into four quadrants separated by the Salt
Lake Base Line am Meridian. '!hese quadrants are designated by the uppercase
letters A, B, C, and D, indicating the oortheast, northwest, southwest, am
southeast quadrants, respectively. Numbers designating the township and
range, in that order, follow the quadrant letter, and all three are enclosed
in parentheses. The m..nnber after the parentheses indicates the section and is
followed by three letters indicating the quarter section the quarter-quarter
section, and the quarter-quarter-quarter section, generally 10
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acres l for regular sections. The lowercase letters a, b, c, and d indicate,
respectively, the northeast, north~st, southwest, and southeast quarters of
each subdivision. The number after the letters is the serial number of the
~ll or spring within the 10-acre tract. '!he letter'S' preceding the serial
number designates a spring or seep. Thus, (C-32-5)26aca-2 designates the
seoond well oonstructed or visited in the NEi, swL NEi, sec. 26, T. 32 S., R.
5 W., and (C-27-1)35cad-Sl designates a spring in the SEL NEi, swL sec. 35,
T. 27 S., R. 1 W. The numbering system is illustrated in figure 2.

Description of the Study Area

The ug;>er Sevier River basin is in parts of Kane, Iron, Garfield, Piute,
and sevier Counties in south-central Utah, am includes an area of arout 2,400
mi 2 (fig. 1). The basin consists of the Sevier River and East Fork Sevier
River drainages upstream from the confluence of the East Fork sevier River
with the Sevier River.

The stream valleys of the basin are surrounded by north-south treming,
high-elevation plateaus and rrountains (fig. 1). The area is a transition zone
between the Colorado Plateau IDysiographic province to the east am the Basin
and Range P1ysiographic province to the ~st (Fenneman, 1931). seven plateaus
and one mountain range boum or lie within the basin. The Markagunt Plateau
and the Tushar Mountains form the western boundary while the Table Cliff,
p,quarius, Awapa, am Fish Lake Plateaus form the eastern boundary. 'Ihe sevier
and Paunsaugunt Plateaus lie within the basin. Elevations in parts of the
basin reach rrore than 11,000 ft above sea level.

Separating the plateaus and roountains are four major valleys: Panguitch,
Circle, Grass, and East Fork Valleys. The Sevier River flows through
Panguitch and Circle Valleys, the East Fork Sevier River flows through East
Fbrk Valley, am Otter Creek flows through Grass Valley.

Most of the unconsolidated valley-fill dep:>sits in Panguitch Valley lie
along a 31-mi reach, with a maximum width of about 10 mi, from the oonfluence
of Mammoth Creek with the Sevier River at the southern end to the head of
Circleville canyon at the northern end. '!he valley-fill dep::>sits encanpass
an area of about 102,000 acres, and elevations range from 7,000 ft above sea
level at the southern end to 6,340 ft at the northern end. Ibrdering to the
~st is the Markagunt Plateau, am to the east are the Sevier and Paunsaugunt
Plateaus. The valley-fill dePOSits pinch out or becane very thin at the north
and south ends of the valley.

The unconsolidated valley-fill dep:>sits in Circle Valley are rounded by
the Tushar Mountains to the west and the Sevier Plateau to the east and
includes an area of about 29,000 acres. The northern part of the valley is
marked by a consolidated-rock spur extending eastward from the Tushar

lAlthough the basic land unit, the section, is theoretically 1 square
mile, many sections are irregular in size and shape. Such sections are
divided into la-acre tracts, generally beginning at the southeast corner, and
the surplus or shortage is taken up in the tracts along the north and ~st

sides of the section.
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M::>untains alrrost to the rrouth of the East Fork Sevier River. The valley is
about 8 mi long am 6 mi wide am ranges in elevation fran 6,200 ft arove sea
level at the southern end to 6,000 ft at the northern end.

East Fork Valley includes three smaller valleys containing valley-fill
deposits oriented along the East Fork Sevier River but separated by
consolidated-rock constrictions: Emery, Jdms, and Antirrony Valleys. Eilery
Valley extends fran the oorth end of the Paunsaugunt Plateau north of Tropic
Reservoir to Flake Mountain, a faulted volcanic rock outcrop about 14 mi to
the oorth. '!he valley widens to IOOre than 6 mi near Rubys Inn and north of
the Bryce Canyon Airport and includes an area of about 18,000 acres. Eilery
Valley is rounded on the west by the Sevier Plateau and on the east by the
Bryce Canyon area of the Paunsaugunt Plateau. Elevation ranges fran 8,000 ft
above sea level at the southern end to 7,600 ft at the northern end.

The valley-fill deposits in Johns Valley extend fran Flake Mountain on
the south to the head of Black canyon, a volcanic rock constr iction about 17
mi to the north. It includes an area of about 46,000 acres. The valley is
bounded by the Sevier Plateau on the west and the Table Cliff and Aquarius
Plateaus on the east. It ranges fran 3 to 7 mi in width, am fran 7,600 to
7,000 ft in elevation above sea level fran south to oorth.

Antimony Valley extems fran the roouth of Black canyon north to the head
of Kingston canyon and the outlet of Otter Creek Reservoir. The Sevier
Plateau lies along the western edge of the valley while the Jlquarius Plateau
abuts the eastern edge. The valley-fill deposits in Antimony Valley extend
over an area about 5 mi long and 1 mi wide and encompass an area of arout
6,600 acres. Elevation ranges from 6,450 to 6,340 ft above sea level from
south to north.

Grass Valley extems fran north of Koosharem Reservoir south to Otter
Creek Reservoir, where it joins with AntiIOOny Valley. Grass Valley is boumed
on the west by the Sevier Plateau and on the east by the Awapa and Fish Lake
PIateaus . '!he valley-fill dep:>sits include an area of about 71,500 acres am
cover an area about 40 mi long and 3 to 4 mi wide. Elevations range from
7,000 ft above sea level at Koosharem Reservoir to 6,370 ft at Otter Creek
Reservoir.

Geologic setting

Several unconsolidated- am consolidated-rock formations found in the
upper Sevier River basin influence the occurrence and movement of groum
water. A geologic map of the area was made by carpenter am others (1967).

The oldest rock unit exposed in the study area is the Kaiparowits
Fbrmation-wahweap samstone-Straight Cliffs samstone unit of Cretaceous age;
however, this unit was oot studied or reported on in this report. '!he oldest
rock unit that was studied in the study area is the Claron Formation of
Tertiary age. The Claron Formation can be seen througoout the plateaus of the
study area except for the Awapa Plateau, the northern part of the Sevier
Plateau, and the Tushar Mountains. Deposited in a fluvial and lacustrine
enviromJeI1t, it forms the praninent pink to red limestone cliffs exposed in
Bryce Canyon, Red Canyon, and much of the southern Markagunt and Sevier
Plateaus, and caps the Paunsaugaunt Plateau. called the Wasatch Formation by

6



Gregory (1949, 1951), the Claron Formation is FDcene am Oligocene in age,
although the basal strata may be Cretaceous to Paleocene in age. The
Oligocene to Miocene Spry Intrusion of Arrlerson (1986), a light-oolored quartz
ronzonite, is near the head of Circleville canyon at the base of the northern
Markagunt Plateau. It intruded through the Claron Formation, fonning a
top:>graphic high that affected subsequent deposition in the area.

The late Oligocene to early Miocene Mount Dutton Formation consists of
alluvial strata eroded fran volcanic material and lava flows. This formation
extends throughout the northern plateaus in the study area am is exposed in
the southern Tushar Mountains. '!he reddish-brown or light~ray densely welded
Osir is Tuff of early Miocene time overlies the Mount Dutton Fbrmation and in
Black canyon is alrrost 130 ft thick (Anderson and Rowley, 1975, p. 31 and
Williams and Hackman, 1971, pl. 1). Exposed in the northern Markagunt
Plateau, the Bear Valley Formation is mainly an eolian green, yellow, or gray
samstone of early Miocene age that also contains lava flows, volcanic mudflCM
breccia, conglanerate, am ash-flow tuffs.

The poorly to m:>derately oonsolidated Sevier River Fbrmation of Miocene
to Pleistocene age includes interlayered sandstone, siltstone, claystone, and
conglomerate of fluvial am lacustrine origin. The Sevier River Fbrmation is
extensively eroded am is oovered in most areas by m:>re recent valley-f ill
deposi ts. Exposures of the formation are found along Panguitch Creek and as
isolated outcrcps in Panguitdl Valley. Test wells drilled in Panguitch Valley
indicate that it may be absent but can be m::>re than 450 ft thick in places
(Feltis and Robinson, 1963). The Sevier River Formation is generally
oonsidered to be the basal formation of the valley-fill deposits.

Basalt flCMS were extruded ooncurrently on the Markagunt Plateau with the
deposition of the Sevier River Formation and the m:>re recent valley-fill
deposits. Sane of the cinder cones on the southern Markagunt Plateau are
Iblocene in age.

Valley-fill material deposited during the ~aternary is exposed in the
study area. These deposits vary from heavily dissected older valley-fill
deposits to recently deposited flood-plain material. '!he knCMn thickness of
the ~aternary valley-fill deposits ranges fran 0 to m:>re than 800 ft in the
upper Sevier River basin (Carpenter, 1967, p. 25). The older valley-fill
deposits are exposed only in Panguitdl Valley as isolated bluffs and as large
dissected fans tcpograP'lically higher than IOOre recent alluvial fans. Gregory
(1951, p. 55) described outcrops of lacustrine-deposited, stratified, buff
colored limey silt and white marl near the mouths of Red canyon am Casto
wash. The tcp of this deposit unconfonnably underlies more recent alluvial
fans of Panguitch Valley am is of Pleistocene age.

The younger valley-fill deposits exposed in all of the major valleys in
the study area are of Holocene age. Fbund along intennittent am perennial
streams, these sediments usually form terrace deposits am alluvial fans. In
the Koosharem area of Grass Valley, possible lake or marsh deposits were
penetrated by test wells.
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Flood-plain de];X)sits occur within the present flood plains of the sevier
River, East Fork Sevier River, and Otter Creek. The sediments are generally
channel deposits of well sorted, stratified sand and gravel, and overbank
de];X)sits containing sand, silt, and clay. Extending into the subsurface, the
flood-plain deposits intertongue and grade into the older Quaternary valley
fill deposits.

The north-northeast-trending plateaus and valleys of the area are a
result of oormal roovement along the sevier and Paunsaugunt fault zones dur ing
Tertiary and Quaternary time. The Sevier fault zone trends north-south
through the basin separating the dCMIlthrCMIl Circle and Panguitch Valleys on
the west from the upthrown Paunsaugunt and Sevier Plateaus to the east.
Estimated displacements of 900 ft on the south side of Red Canyon, 850 ft at
Hillsdale Canyon, and 1,200 ft at Proctor Canyon were reported by Gregory
(1951, p. 76). '!he oorth-south-trending Paunsaugunt fault also extends the
length of the basin separating the upthrown Table Cliff, Jlquarius, Awapa, am
Fish Lake Plateaus on the east fran the Paunsaugunt and sevier Plateaus to the
west. Offset of Claron Formation outcrops on the Table Cliff Plateau as
compared with those at Bryce Canyon are about 2,300 ft down to the west
(Doelling, 1975, p. 63). The downthrown valleys of the upper sevier River
basin are underlain by the Claron Fonnation and volcanic rocks of Tertiary age
that also exist in the surrounding upthrCMIl plateaus.

Smaller faults related to the Sevier fault zone cut through valley-fill
deposits in Panguitch Valley. In the Sanford Creek area, two oortheast
trending faults cut through Pleistocene alluvial-fan deposits forming a horst.
Individual scarps of almost 40 ft were neasured by Anderson and Christenson
(1989). The faults also cut across the bottom of a Holocene wash in the
northern quarter sections of (C-33-5)26 and 27, suggesting that faulting is
still active (Anderson and RCMley, 1987, p. 7).

The axis of a Quaternary faulted anticline extends southwestward through
Panguitch Valley and into the Markagunt Plateau, intersecting the sevier River
and the ground-water reservoir near Roller Mill Hill. Ground water near and
at land surface in the Roller Mill Hill area may be the result of this uplift
and the oorres];X)ndingly thinner layer of valley-fill deposits.

Climate

The climate of the uQ?E!r Sevier River basin varies fran semi-arid at the
valley floors to subhumid in the mountainous areas. Daytime temperature
extremes in 1988 ranged fran about -28 to 32°C. '!he average tenperature in
1988 at Panguitch was about 7 °C (National Oceanic and Atmospheric
AdrrUnistration, 1989).

The 1951 to 1980 average annual precipitation at Panguitch was 9.89 in.
(ll. S. Department of Coomerce, 1982). '!he wettest period is the winter, when
most of the yearly precipitation falls as snow. Scattered summer
thunderstorms account for the rest of the precipitation. Average annual
precipitation was generally exceeded during 1965-72 and 1978-85; precipitation
was generally less than average during 1942-45, 1950-57, 1958-65, 1973-77, and
1987-89. Annual precipitation at Panguitch and cumulative departure from
average annual precipitation for 1931-89 are shown in figure 3.
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Soow depths were recorded fran 1944 through 1989 at the Harris Flat snow
course, on the southern end of the Markagunt Plateau about 11 mi southwest of
Hatch. 'Ihe elevation of the soow course is 7,700 ft above sea level. The
average annual maximum water content of snCM measured at the soow course was
9.3 in. (Whaley and Lytton, 1979 and u.s. Department of Agriculture, Soil
Conservation Service, written a:mnun., 1989). Annual evaporation fran Piute
Reservoir, near the oorth end of Circle Valley, was estimated to be 46.26 in.
during 1931 to 1970 (Waddell and Fields, 1977, table 12).

Vegetation

The type of vegetation growing in the upper sevier River basin varies
with elevation. In the uncultivated parts of the valleys, greasewood,
sagebrush, and various native grasses predominate. Phreato};i1ytes such as
rabbitbrush, salt grass, willows, and cotton~s grCM where the water table
is within about 20 ft of land surface. Vegetation grCMing on the surrounding
foothills and alluvial fans consists mostly of sagebrush, juniper, pinyon
pine, and scrub oak. At the higher elevations, sagebrush, aspen, Ponderosa
pine, spruce, and lX>uglas fir predaninate.

Annual precipitation at Panguitch, Utah

1931-89 average annual precipitation 9.81 inches
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Figure 3. Annual precipitation, 1931-89, and cumulative departure from 1931-89
average annual precipitation, at Panguitch.

9



The area of cropland under irrigation in the upper sevier River basin was
determined fran lam-use data field-dlecked in 1981 (Jaynes and others, 1981).
A total of 34,897 acres were irrigated, including pastures and alfalfa fields
subject to spr ing flcoding (table 1).

Crq;>
type

Alfalfa
Pasture
Hay
Other
'lbtal

Table 1. -Area of irrigated crops in the main valleys
of the upper Sevier River basin

Panguitch Circle Fast Fbrk Grass
Valley Valley Valley Valley 'lbtal
(acres) (acres) (acres) (acres) (acres)

3,357 4,531 2,174 3,318
8,593 4,028 440 1,749

405 0 0 3,956
556 841 539 410

12,911 9,400 3,153 9,433 34,897

Land USe

The primary land uses in the upper Sevier River basin are farming,
ranching, recreation, and tirrber harvesting. Farms and ranches are mainly in
the valleys, while IlOst of the sumner livestock grazing occurs on the higher
elevation plateaus. Tourism is economically important in the area, and
visitation increases yearly. The number of summer homes and associated
Cbnestic wells also is increasing in the southern part of Pangui tch Valley am
on the Markagunt Plateau.

Most of the land within the basin, 85 percent, is managed by Federal
agencies (U.S. Department of Agriculture, 1969a). Most of the roountaioous
areas are in Dixie am Fish Lake National Forests, and much of the lower
elevation areas are managed by the U.S. Bureau of Land Managenent. Bryce
canyon National Park, in the southeastern part of the basin, attracts visitors
fran around the ~rld to view its unusual scenery.

Surface~ater Hydrology

The upper Sevier River drainage basin includes the Sevier River, its
major tributaries: Asay Creek, Mamnoth Creek, Panguitch Creek, East Fork
Sevier River, and Otter Creek, and many smaller perennial and ephemeral
streams. IAlring the irrigation season, water fran the East Fbrk Sevier River
is diverted below Tropic Reservoir out of the uQ?er Sevier River basin into
the COlorado River basin. The Tropic Ditch transfers an estimated 2,610 acre
ft of water annually fran the East Fbrk Sevier River to irrigated fields near
the town of Trcpic (carpenter and others, 1967, p. 39).

Relations between surface water am ground water are evident in Panguitch
Valley. Streamflow in the Sevier River near Hatch (U.S. Geological Survey
streamflow-gaging station 10174500) (pI. 1) averages about 85 ft 3/s in AU9USt,
based on 45 years of record. Diversion of water into irrigation canals causes
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some sections of the Sevier River near Panguitch to have almost no flow.
Ground~ater discharge, tributary inflow, and runoff from irrigated fields
downgradient from these sections contribute flow to the Sevier River.
StreamflCM in the river at the Circleville canyon streamflow-gaging station
(10180000) (pl. 1) averages about 84 ft 3 /s in August, based on 38 years of
record. Gain-loss studies were (bne in 1988 on selected reaches of the sevier
River, Fast Fbrk Sevier River, and t~ canals in Panguitch Valley. StreamflCM
and water-quality data collected in the field at selected surface-water sites
wi thin the basin and calaculated streamflCM gains and losses are presented by
George W. sandberg (U.S. Geological SUrvey, written cx:mnun., 1990).

GROUND-WATER HYI:.RQL(X;Y OF cnJOOLlDA.TED ROCI<S

Ground water occurs in all the consolidated-rock formations in the basin.
Water in consolidated rocks discharges to springs and to satE streaIl5 as base
flCM but is oot considered part of the primary ground-water resource of the
upper Sevier River basin. Fractures in the volcanic rock and limestone are
capable of transmitting large quantities of water. Springs in the Markagunt
Plateau, such as MaImoth Spring, that discharge fran fracture-derived solution
channels in limestone of the Tertiary Claron Formation, are the principal
source of base flow to the Sevier River in its u];per reaches.

Where fractured, the Tertiary Mount Dutton Formation transmits water.
several springs issue fran this formation with widely varying flCMS (carpenter
and others, 1964, p. 8). carpenter and others (1967, p. 19) attributed the
flCM from springs in Black Canyon to the Brian Head Fbrmation of Tertiary age.
Ibwever, nore recent geologic investigations indicate that the canyon is cut
into volcanic alluvial facies of the Mount Dutton Fbrmation and the Osiris
Tuff. A gain-loss study of the East Fork Sevier River in Black Canyon
indicated a small gain in flow in August 1988. A gain of 3 ft 3/s, calculated
as a graIilic average derived from three sets of rreasurements, was added to the
23 ft 3 /s measured at the beginning of the 6.42 mi long reach (George W.
sandberg, U.S. Geological SUrvey, written cx:mnun., 1990). Most of this gain
in flow can be attributed to discharge from the consolidated rocks in the
canyon.

The Tertiary Bear Valley Formation transmits ground water in the oorthern
Markagunt Plateau. N..urerous seeps along the Bear Creek channel appear where
the creek traverses the basal contact of the Bear Valley Formation and base
flCM increases.

Surficial CUaternary basalt flCMS in the southern Markagunt Plateau have
follCMed and filled pre-existing drainages, forcing runoff to infiltrate and
nove through the underlying Claron Formation and valley-fill deposits, or to
establish a new surface drainage. The basalt flows are impermeable except
where broken by fractures and can have a very large hydraulic conductivity
where broken blocks, lava tunnels, and contact zones exist (Wilson and Thanas,
1964, p. C19). A Quaternary basalt flow in and near the mouth of an old
Manmoth Creek channel solidified on top of unconsolidated stream deposits,
causing the creek to form a new channel. These covered stream dep:>sits are
now the source of seeps and springs at the base of the easternmost lobe of
basalt.
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The main source of redlarge to oonsolidated rock is precipitation that
falls on the higher elevations as snow. Snowmelt and rainfall on the
Markagunt Plateau enter the oonsolidated rock through fractures on the surface
of Quaternary basalt flows and nove through interconnecting fractures in the
basalt flows and solution channels in the Claron Formation. These openings
allow large quantities of precipitation to infiltrate the oonsolidated rock.

Recharge also may occur where streams flow over consolidated rock. A
gain-loss study done in August 1988 on the East Fork Sevier River in Kingston
Canyon, a cut in consolidated rock of volcanic origin, indicated a loss in
streamflow of 8 ft 3 /s (George W. Sandberg, u.S. Geological Survey, written
oammun., 1990). Because discharge was relatively large, from 124 to 144
ft 3/S , this measured loss cannot be substantiated because it is within the
margin of measurement error (estimated to be S to 8 percent).

Ground water in consolidated rocks in the study area noves fran high
elevation redlarge areas to lower-elevation discharge areas. Water movement
in these rocks is through interconnecting fractures and solution channels.
Water moves downgradient through these fractures and channels until it
intersects land surface or valley-fill depcsits at contacts along the nountain
fronts.

Discharge from consolidated rocks is mainly fran springs and seepage to
streams. Subsurface outflow from consolidated rocks to unconsolidated
material probably occurs in all of the valleys. Drillers' logs indicate that
SCIIE wells canpleted in volcanic rocks that underlie valley-f ill deposi ts in
Grass Valley flow at land surface; however, the quantity of ground water
moving to the valley-fill deposits from the volcanic rocks is unknown.
Discharge fran wells cx:rrpleted in consolidated rock in the upper Sevier River
basin as a woole is small.

Most of the knCMI1 ground-water disdlarge fran oonsolidated rocks is fran
springs in the Claron Formation in the southern Markagunt Plateau and in
volcanic rocks mainly in the Sevier Plateau. Base flow of most of the streams
in the area is canp::>sed primarily of disdlarge fran these springs. Discharge
from consolidated-rock springs is used for p..1blic supply by many towns in the
basin. Panguitch, Circleville, Kingston, Antinony, Greenwich, Koosharem, and
Burrville all distribute spring water for municipal use. Sane springs in the
Bryce canyon area and southern Markagunt Plateau discharge to the Colorado
River Basin.

Water levels were measured in t\\O wells completed in consolidated rock
along the western margin of Panguitch Valley. Well (C-36-S)31cbd-l is
cx:xrpleted in a limestone member of the Claron Formation and is near a small
irrigation ditch that carries diverted surface water. Monthly water-level
measurements from 1988 to 1989 show the influence of spring runoff and
surface-water diversions in the area on water levels in the well (fig. 4). A
small rise in water levels in September and October 1988 is probably the
result of leakage fran the nearby irrigation ditch, and the peak water level
in May 1989 is likely the result of infiltration of spring runoff and
irrigation diversions.

12



FMAMJ J ASOND
1989

- ····7·········
....····<NO :~ord•......

Well (C-32-S)13cda-1

65 L-.L--L---L---L---l..---l----JI.....-..l.-...L-.....I---l..---l..----'----L_L....-.l....-....L..-~__'____L..__J.___J

M A M J J A SON D J
1988

...r
w
>
w 60
..J
a:
w
~:=

Figure 4. Water-level fluctuations from 1988 to 1989 in two wells completed in consolidated rocks.

Well (C-32-5) 13crla-l is canpleted in the Spry Intrusion (Anderson, 1986)
at the northern em of Panguitch Valley. The water level rose 8.67 ft in the
well fran septanber 1988 to Q::tober 1989 (fig. 4) while water levels in most
of the wells completed in the valley-fill deposits in Panguitch Valley
declined. One possible reason for this ananaly is that the redlarge area for
the nonzonite may be distant fran the well, and the tinE required for redlarge
water to infiltrate through unsaturated rock before reaching the aquifer may
be considerable. Thus, the aocxnalous water-level rise may have been a result
of greater-than-average precipitation occurring in years past.

GRa.JN:>-WATER HYDROr.cx::;y OF '!HE VALLEY-FILL JlQUIFER
IN PAN;UI'!OI VALLEY

The saturated valley-fill deposits are defined as the valley-fill aquifer
and are considered the main aquifer in Panguitdl Valley. Groom water occurs
mostly in permeable sand and gravel layers that are separated by less
permeable clay layers in the alluvial-fan and flood-plain deposits. The
alluvial fans consist of interbedded silt, sand, gravel, am.cobble deposits
that are coarse grained near the mountain fronts am finer grained toward the
center of the valley. Older dissected deposits of the sevier River Formation
are nore consolidated than nore recent alluvial-fan deposits, and therefore
are probably less permeable. Ground water in the alluvial-fan deposits is
generally under water-table comitions.

13



Flood-plain deposits lie along major surfac~ter channels and generally
are finer grained and better sorted than alluvial-fan de];X)sits. Ground water
in flood-plain deposits near consolidated-rock constrictions is generally
under oonfined conditions.

Recharge

Recharge to the valley-fill aquifers is by seepage from streams, canals
diverted from streams, and unoonsumed flood-irrigation water; infiltration of
precipitation; and seepage from consolidated rock at the margins of and
underlying the valley-fill de];X)sits. The carq;:onents of recharge in Panguitch
Valley are described and quantified in the following sections. Recharge
varies annually, but was estirrated to range from 71,740 to 80,740 acre-ft/yr
under normal conditions.

Seepage fran Streams

The principal source of recharge to the valley-fill aquifer in Panguitch
Valley is seepage fran the Sevier River and its tributaries. seepage fran
streams in Panguitch Valley is estimated to be from 32,000 to 41,000 acre
ft/yr. Much of the stream losses occur at the valley margins where streams
cross from consolidated rock into valley-fill de];X)sits. Recharge from
perennial streams, other than the Sevier River and Panguitch Creek, is
estimated to range from 20 to 30 percent of the average annual streamflow or
about 13,000 to 20,000 acre-ft/yr. Average annual streamflow was determined
from gaging-station reoords or was estirrated. The estirrated rate of recharge
is based on the geologic and topographic setting of these streams and the
hydraulic oonductivity of and hydraulic gradient in the material it traverses.
Tributary perennial streams flow over a thin deposit of mostly saturated
material within steep canyons in the consolidated rock. The gradient becomes
less steep as the streams enter Panguitch Valley and traverse the coarse
grained unsaturated de];X)sits of the valley. Water infiltrates through the
streambed and banks into the valley-fill aquifer. ManIroth and Asay Creeks,
large streams that flow across relatively short sections of valley-fill
deposits before flowing into the Sevier River, contribute most of the
recharge.

Efhemeral streams in Panguitch Valley flow out of canyons in oonsolidated
rock with steep slopes onto less steep coarse-grained alluvial-fan deposits.
Streamflow in ephemeral streams usually occurs as a result of snowmelt.
Evapotranspiration at the time of snowmelt is usually small. Annual
streamflow for major ephemeral streams in Panguitch Valley was estimated by
carpenter and others (1967) and from a regression equation developed for a
region of the Colorado River Basin (Q1ristensen and others, 1986, p. 10). The
southwest part of this region is adjacent to the eastern part of the upper
Sevier River basin. The equation requires values for the following
independent variables of the e};i1emeral stream basin: contributing-drainage
area, mean annual precipitation, and main-channel slope. Values calCulated
for ephemeral stream basins in Panguitch Valley were within the range of
values used in the developnent of the regression equation. This equation for
estimating mean annual streamflow was selected over methods using gaging
station reoords fran streams in the valley because the gaged streams have very
large drainage areas, oontain large discharging springs, or are oontrolled by
a dam. Recharge from ephenEral streams is estirrated to range fran 14,000 to
16,000 acre-ft/yr, about 80 percent of the estirrated annual streamflow.
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A gain-loss study of the Sevier River from about 1.5 mi south of the
gaging station near Hatch (10174500) to the gaging station in Circleville
Canyon (10180000) made in August 1988 measured only one losing reach, 9.96 mi
long, with a graphic average loss of 3 ft 3 /s (George W., Sandberg, U.S.
Geological Survey, written canmun., 1990). This section of the river is in
the southern part of the valley where the water table is generally below the
bottan of the riverbed. '!he quantity of stream disdlarge measured during the
gain-loss study fluctuated, probably as a result of unconsumed irrigation
water llDving through the fields and into the river.

Because the gain-loss study was made in August at the peak of the
irrigation season, the higher water table may have decreased the quantity of
water seeping fran the river into the valley-fill aquifer. Losses from
perennial am e};i1emeral streans and recharge fran unconsUIred irrigation water
to the valley-fill aquifer during the spring snowmelt and irrigation season
result in a rise in the water table am a possible reversal of the gradient
between the river and valley-fill aquifer. Losses fran the river to the
valley-fill aquifer are probably greater during the winter and early spring
when the water table is lower than the river bottan. An average loss of about
7 ft 3/S or 5,000 acre-ft/yr is estimated for the Sevier River in Panguitch
Valley.

Seepage fran canals

Recharge to the valley-fill aquifer fran canal seepage was estimated to
be sane percentage of the average annual flow in the canal measured near its
};Oint of diversion fran the stream. The percentage is based on the type of
valley-fill deposit the canal crosses am on gain-loss studies. '!he sevier
River Cbmmissioner maintains gages and/or flumes on these diversions and
p..1blishes reoords of the quantity of water diverted in an annual report to the
Utah State Engineer. The average yearly quantity of water diverted in
Pangui tch Valley for irrigation fran 1969 through 1985 was about 48,400 acre
ft, not including the quantity diverted for ditches at the northern end of the
valley. These ditches probably do not lose water to the valley-fill aquifer
because the surficial deposits in this part of the valley are clay and silt.
Diversions from Panguitch Creek for irrigation were not measured but were
estimated to be 20,000 acre-ft/yr. Because this stream is regulated by a dam,
its losses are included with losses fran the canals.

The rate of leakage fran a canal depems on the hydraulic conductivity of
the bed of the canal and of the valley-fill deposits, and on the hydraulic
gradient between the canal and the aquifer it crosses. Finer-grained
material, such as silt and clay, is less penmeable and allows little water to
seep fran the canal into the ground. Coarser-grained material, such as sand
and gravel, is llDre perneable am will transmit the water more readily if the
hydraulic gradient between the canal am aquifer permits.

Most of the canals used in Panguitch Valley are cut into the flood-plain
deposits of the sevier River or cross the toes of alluvial fans that contain a
large percentage of fine-grained material. Losses fran these canals to the
valley-fill aquifer were estimated to be 10 percent of the water diverted into
the canals from streams, or about 4,840 acre-ft/yr. The two canals that
receive water fran Panguitch Creek are on alluvial fans and cross very
permeable gravel deposits. Fbrty percent, or 8,000 acre-ft/yr, of the water
diverted to these canals was estimated to redlarge the valley-fill aquifer.
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A gain-loss study of the Long-East Bendl Canal am the McEMen canal in
late July and early August 1988 identified two losing reaches (George W.
sandberg, u.s. Geological Survey, written camun., 1990). Long canal (pl. 1)
was neasured in sections fran its point of diversion fran the sevier River to
the East Bench Canal diversion, am then along the East Bendl canal for 0.5
mi. The Long-East Bendl Canal lest abalt 4 fe/s fran an average diversion of
about 51 ft 3 /s in a 1.35-mi reach northeast of Roller Mill Hill near
Pa~itch.

McEwen Canal (pl. 1) was measured fran its point of diversion fran the
sevier River to just beyond the dry epheneral Sanford Creek channel, 5.46 mi
downstream. The canal lest abalt 4.6 ft 3/s fran an average diversion of about
16 ft J /s in a 1.41-mi reach. 'Ibis section of the canal is cut into the base
and side of dissected alluvial-fan deposits.

Seepage fran unoonsumed Irrigation water

An average of 68,400 acre-ft of water is diverted from streams into
canals am ditdles in Pa~itch Valley during the irrigation season. Recharge
from unconsumed irrigation water in Panguitdl Valley is dependent mainly on
the quantity of water that is diverted from streams into canals for
irrigation. Leakage fran canals to the valley-fill aquifer was estimated to
be 12,840 acre-ft/yr, and thus was not available for crop irrigation.

Some of the applied irrigation water was observed rrK)Ving off the fields
into dcMn;Jradient ditches or into the Sevier River. Tail-water runoff was
estimated to be abalt 11,110 acre-ft/yr, or 20 percent of the water applied to
the fields after canal lesses are subtracted fran the diverted water. Tail
water ruooff is subtracted fran the seasonal diversion minus canal-less value.
An average annual oonsumptive-use rate of 1.78 ft/yr for alfalfa and pasture
determined for Panguitch Valley by the Soil Conservation Service (U.S.
Departnent of Agriallture, 1969b, Appemix IV, tables 37-40) am an irrigated
area of about 12,900 acres determined fran lam-use data for 1981 (Jaynes am
others, 1981) were used to calallate the quantity of awlied water consuned by
crops (22,950 acre-ft/yr). This quantity is subtracted fran the remaining
water diverted for irrigation. 'Ibe remaining unconsumed water diverted for
irrigation from streams into canals was assumed to redlarge the valley-fill
aquifer in toose areas identified as being irrigated for alfalfa, hay, and
pasture (21,500 acre-ft/yr).

Irrigated fields on alluvial fans that are underlain by more permeable
sand and gravel transmit a greater percentage of irrigation water to the
valley-fill aquifer than do those underlain by finer-grained sediments. In
the center of the valley, water may be prevented from moving down to the
regional water table by less perneable silty clay layers. The water moves
downgradient along these less penneable layers tOll1ard the river.

The quantity and location of red1arge from unconsumed irrigation water
may vary as a resul t of changes in irrigation practices am the location of
irrigated areas with time. 'Ibe lam-use data used to specify the location of
irrigated areas and crcp type were field checked in 1981. There has been an
increase in sprinkler irrigation in sane areas of the upper Sevier River
basin, resulting in less recharge fran unconsuned irrigation water. The land
use data did not differentiate between irrigation nethods.
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An attempt was made to quantify redlarge to the valley-fill aquifer fran
unoonsumed irrigation water on the basis of irrigation method. Observation
wells were drilled at two sites north of Panguitch. Both sites were in
alfalfa fields possessing similar soil profiles. One site was flood irrigated
and the other was irrigated by a center-pivot sprinkler. Access tubes for a
neutron probe were installed adjacent to each observation well to allow
collection of soil-moisture data. Cores were collected at the time of
drilling. After logging and pOOtographing each oore, sections were dlosen for
laboratory analyses. Among the analyses made were moisture retention,
particle size, volumetric soil-moisture content (expressed as percent
saturation), and saturated vertical hydraulic conductivity (expressed as feet
per day). Water levels in the observation wells were recorded hourly by
remote data recorders fran November 1988 to March 1990. SOil rroisture was
neasured with a neutron probe once a roonth during the winter, twice a month
during the growing season, and daily for three days during a September
application of irrigation water on the flood-irrigated field.

Soil texture in this area typically varies from very fine to ooarse
particles. The soil profiles include fine- to coarse-grained sands with
stringers of clay and silt and layers of gravel and cobbles. The soils are
generally well drained even though the stringers of clay and silt have small
values of vertical hydraulic conductivity. '!he surface soil is a loamy sand
with moderate aggregation and a large vertical hydraulic conductivity. The
first clay layers that are more than one-half in. thick are 6 to 8 ft belCM
land surface. Coarse-grained sediments, such as gravelly sands and small
cobbles, underlie the clay layers. These coarse-grained sediments also
oontain silt and clay. '!he extrane variability in grain size over very short
distances prevents defining a typical vertical hydraulic-oonductivity value
for the profile, or even for a single oore, and results in wide variability in
soil-m:>isture oontent and hydraulic oonductivity over very soort distances.

The unsaturated hydraulic conductivity of a soil is related to soil
texture and moisture content. Surface tension on the soil particles is an
adhesive force that ooIds water in the soil IX>re spaces. Fine-textured soils,
composed of small particles and pore spaces, have more surface area than do
ooarse-textured soils. Fine-textured soils can retain larger quantities of
water in the pore spaces because of surface-tension forces than do coarse
textured soils. As the PJre spaces in a soil fill with water, the moisture
content and unsaturated hydraulic conductivity increase. When the soil
rroisture content readles a point that surface-tension forces becane inadequate
to hold the added water, the water will begin to roove cbwnward.

Water-level records and soil-noisture measurerrents at the t~ sites were
used to estimate the times required for irrigation water to roove downward
through the unsaturated zone into the aquifer. '!he estimated tines were much
shorter than laboratory values for vertical hydraulic conductivity would
indicate.

In the flood-irrigated field, water levels in the observation well rose
in resPJnse to awlied irr igation water (fig. 5). The length of time between
the start of irrigation and the water-level rise in the aquifer decreased as
the soil-m:>isture content increased during the irrigation season (fig. 6a).
On June 26, 1989, the water level in the observation well in the flood
irrigated field began to rise, six days after irrigation (fig. 5). The water
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level in the well rose from about 29.8 ft on June 26, to 28.3 ft below land
surface on July 9, when water levels began to decline. en July 23, the water
level in the well began to rise four days after irrigation, with a rise fran
aboot 28.7 ft on July 23, to 26.6 ft belCM land surface on August 1. The lag
times for the August and Septerrt>er irrigations were three and two days, with
rises of about 4 and 3 ft, respectively. Although soil-moisture data are
incomplete, there is a noticeable increase in soil-moisture content that
corresp::>ms with the decrease in lag times am the rise in water levels in the
observation well (fig. 6a). This is because the soil rroisture does rot have
enough time to drain from the soil profile before the next application of
irrigation water.

The rises in water levels corresponding to local flood-irrigation
applications were superinposed on regional changes in water levels measured in
the observation well. Water levels fell to a regional base level after each
water-level rise following irrigation. Each base level was higher than the
preceding one. '!he same trend of rising regional water levels is evident in
neighboring wells in both irrigated and non-irrigated areas. Rapid rises in
water levels were follCMed by rapid declines back to the regional base level.
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In contrast to the flcx:>d-irrigated field, water levels in the observation
well in the sprinkler-irrigated field responded only to regional trends and
not to individual irrigations (fig. 6b). Soil-moisture content gradually
decreased early in the year in both fields. The sprinkler-irrigated field
continued to show a decline during the growing season, the opposite response
of the flood-irrigated field (fig. 6a). Any increases in soil-moisture
content as a result of rainfall and irrigation are represented in the data
only as an effect in the uwer 1 to 3 ft of soil.

Exceptionally dry conditions prevailed during 1988 and 1989, and due to
the resulting low streamflCMs and diversions for irrigation, the quantity of
irrigation on the sprinkler-irrigated field was about 75 percent of what is
rormally ag;>lied. The decrease in soil-rroisture content affected the water
levels in late summer. water levels gradually declined fran August to late
september even trough the regional trem imicates that the water levels in
the observation well should rise. ~ether this deviation fran the regional
trend was caused by the smaller quantity of irrigation water applied to the
field, or by the smaller quantity of flCM in upgradient canals resulting in
less recharge fran canal seepage, is uncertain.

Evapotranspiration estimates provided by the Soil Conservation Service
(U.S. Department of Agriculture, 1969b, Appendix IV) account for water
consumption of about 1.67 ft during the irrigation season. Total
precipitation at Panguitdl for the 1989 grCMing season was about 0.6 ft, and
irrigation ag;>lications account for another 1.4 ft. The surplus is about 0.33
ft of water for the entire growing season. IAlring the same tine, water levels
in the observation well rose about 1.5 ft, indicating that irrigation am
precipitation on the field had little or no effect on the water levels in the
ooservation well.

Water-budget components for the sprinkler-irrigated field are similar to
those of the flood-irrigated field except for the difference in quantity of
water applied. ~ile the sprinkler applied a controlled 1.4 ft of water over
125 acres during the irrigation season, about 10 ft of water was applied to
about 4.5 acres in the flcx:>d-irrigated field in six different applications.
During the growing season, soil-moisture losses resulting from
evapotranspiration were estimated to be about 1.67 ft, am precipitation added
about 0.6 ft. This difference represents about a I-foot deficit in soil
noisture storage that rrust be overcx:ne before there can be any recharge to the
a:jUifer.

In the flood-irrigated field, soil-rroisture data collected over the 14
foot depth of the soil profile sh;)w an ag;>roximate increase of 1.5 ft of water
between the pre-irrigation period in April and the height of the growing
season in August (fig. 6a). '!his 1.5 ft of water stored in the soil profile,
plus the 1 ft of water fran the water-budget deficit, indicates that a total
of about 2.5 ft of water went into soil-moisture storage. Subtracting this
2.5 ft fran the 10 ft of irrigation water applied leaves about 7.5 ft of water
remaining as possible recharge. 'lhese estimates are probably large because
they do rot take into account tail-water runoff or evaporation fran the free
water surface during irrigation. More frequent soil-moisture-content data
collection might also reveal greater soil-moisture storage requirements.
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Monitoring soil IOOisture twice a nonth during the growing season with the
neutron probe was inadequate for calculating quantities of water moving
downward through the soil. On the basis of the data collected during the
summer, it was possible to estbnate quantities of surplus soil IOOisture using
a simple budget consisting of changes in soil-moisture content from one
IIEasuring period to the next. The sum of the changes in soil-noisture content
in the flood-irrigated field indicate aboot 3 ft of surplus soil rooisture.
The sum of the changes in soi14nOisture content in the sprinkler-irrigated
field indicated a deficit of about 1 ft.

In september, soil-noisture content was measured at the flood-irrigated
site the day before, during, aoo after irrigation. According to these data,
the 14-foot soil profile gained about 2 ft of water during the day of
irrigation (fig. 6a). Increases occurred in each of the 14 I-ft layers
IIEasured. On the day after irrigation, soil IOOisture in the uJ;Per 9 ft of the
profile decreased, while it increased in the lower 5 ft. Soil moisture
IIEasured the day after irrigation indicates a net decrease of greater than 0.5
ft over the entire profile. Evapotranspiration during this period was
negligible, indicating that lost water fran the profile IOOved downward into
the aquifer. A rate of 13 ft/d, calculated fran the delay in response between
tiIIE of irrigation am water-level rise, agrees fairly well with these data.

The water level in the observation well rase fram 26.58 ft below lam
surface on September 22, 2 days after irrigation, to 23.39 ft below land
surface on Septerrber 27 (fig. 5). On the basis of soil-noisture data recorded
the day of am the day after irrigation, 0.5 ft of water moved through the
soil profile. The water-level-data recorder indicated that the water level
rose in well (C-34-5)16dca-l for 6 days after irrigation in September,
implying a net flow of 3 ft of water fran the soil profile into the aquifer.
August observation-well data iooicate a 9-day period of water-level rise.

Using the September water-level-rise rate of 0.5 ft/d, a rise of 4.5 ft
~uld be expected in 9 days, which is approxbnately the case in August. This
relation fails, however, when used for early growing season periods by
predicting much higher rises than those that actually occur. It is likely
that substantial pore space in the soil mst be filled before recharge can
occur, am this requiranent is met sanetime before the August irrigation.

An estimate of ground-water recharge resulting fram unconsumed flood
irrigation water was obtained using rising water levels associated with each
irrigation and an estimated specific yield for the soil profile. Specific
yield refers to the percentage of water in a saturated soil that will drain by
the force of gravity. using soil descriptions for the profile and values
reported for different soils (Johnson, 1967, table 29), specific yield was
estimated to be about 0.20. This value is multiplied by the depth of soil
profile that is alternately saturated by irrigation water and drained by
gravity (Clark am Appel, 1985, p. 34).

There is 00 estbnate for the response to the first irrigation, on May 1,
as water-level data were not available. The water-level rise caused by the
May 27 irrigation was 0.63 ft: for the June 21 irrigation, 1.6 ft: for the
July 19 irrigation, 2.1 ft: for the August 18 irrigation, 4.4 ft: and for the
september 20 irrigation, 3.2 ft. The sum of the products of these water-level
rises and the specific yield result in a recharge value of unconsumed
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irrigation water of 2.40 ft. 'Ihese calculations and estimates can be taken
only as approximations of the local trends and not as exact quantities of
recharge.

Infiltration of Precipitation

Recharge to the valley-fill aquifer by infiltration of direct
precipitation was estimated to be 5 percent of the average annual
precipitation fram 1931 to 1960 (U.S. Weather Bureau, 1963) or about 4,900
acre-ft/yr in Panguitch Valley. This estimate is based on a range of values
derived from previous studies for recharge from precipitation in other
alluvial basins in Utah. Estimates of the percentage of precipitation
recharging valley-fill aquifers ranged fran 1 percent to 25 percent for areas
receiving 8 to 16 in. of precipitation annually (Razem and Steiger, 1981, p.
13; Hood and Waddell, 1968, p. 24; and Feth and others, 1966, p. 43).
Infiltration is greatest early in the spring when snow melts. Intense
thunderstorms in the late sumner months also recharge the valley-fill aquifer,
but to a lesser degree because of short storm duration and large
evapotranspiration rates. During periods of greater-than-average
precipitation, recharge is probably greater than average because consumptive
use by plants and soil-moisture retention do not increase beyond certain
values depending on the plant and soil type.

seepage fran Consolidated Rock

Some of the consolidated-rock formations that border and underlie the
valley-fill deposits of Panguitch Valley transmit water and probably recharge
the valley-fill aquifer. Because data are lacking, it is rot knam tx:>w Ill.1ch
water moves fram consolidated rock into the valley-fill aquifer, but this
seepage is assumed to be small canpared with other canp:ments of recharge.

Movement

Ground water in Panguitch Valley generally moves fram recharge areas at
the southern end of the valley and from recharge areas along the mountain
fronts toward discharge areas at the northern end of the valley and into the
Sevier River. The potentiometric surface of the valley-fill aquifer in
CCtober 1989 is sham on plate 1.

Recharge water fran the mountain fronts moves vertically downward through
coarse-grained alluvial-fan deposits and laterally toward the Sevier River.
Unconsumed applied irrigation water and seepage from canals and ditches
infiltrates downward until it reaches the fully saturated deposits and then
moves laterally toward the Sevier River. Q1 the east side of the valley, sane
ground water is perched on the semiconsolidated sevier River Formation and
moves away fran the mountain front in permeable material at shallow depths.
Ground water flows between hills made of older Quaternary valley-fill deposits
that protrude through younger Quaternary valley-fill deposits between the
mountain front and the Sevier River, where it discharges fran springs.

Comparison of water-level data collected from wells completed at
different depths shows that the vertical direction of ground-water movement
varies with location in the valley. The water level at well (C-34-5)4ddd-l
was measured to be 6,538 ft above sea level on April 11, 1989, and 6,539 ft
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above sea level on OCtober 25, 1989. '!he well is 21 ft deep and is next to a
surface-water ditch. The water level at well (C-34-5)10bbb-l, about 100 ft
east of well (C-34-5)4ddd-l, was measured to be 6,539 ft above sea level on
April 11, 1989, and 6,551 ft above sea level on CCtober 26, 1989. This well
is 140 ft deep with perforations from 80 to 140 ft. The water levels at
these two wells indicate an upward head gradient.

Water levels measured at wells (C-34-5)2bcc-l and (C-34-5)2cbc-l on
CCtober 26, 1989, were 6,574 and 6,545 ft above sea level, respectively. well
(C-34-5)2bcc-l is 52 ft deep with an open end and well (C-34-5)2cbc-l is 171
ft deep wi th an open end, indicating a downward gradient in head. Elevations
above sea level were obtained fran tcpogra{i1ic maps with a contour interval of
20 ft.

Ground water rroving damgradient through the valley-fill deposits, from
the south to the north end of Panguitch Valley, is forced to discharge to the
sevier River because of a oonsolidated-rock barrier in the northern end of the
valley. The predani.nant direction of rrovenent in this area is ufMard.

Discharge

Ground water in Panguitch Valley disdlarges fran the valley-fill aquifer
by seepage to the sevier River and canals, by evapotranspiration, through
springs and wells, and by subsurface outflow at the north end of the valley.
Discharge varies fran year to year, rot was estimated to be about 73,100 acre
ft/yr under normal conditions in Panguitch Valley.

seepage to the Sevier River and canals

Seepage to the Sevier River is the primary component of ground-water
discharge fran the valley-fill aquifer in Panguitch Valley, on the basis of
analysis of gaging-station records and one gain-loss study made in August
1988. Flow in the sevier River during the winter rronths increases between the
gage near Hatch (gaging station 10174500) and a downstream gage in Circleville
canyon (gaging station 10180000). This increase in flow is attributed
primarily to ground-water discharge fran the valley-fill aquifer to the river.

Mean rronthly discharges measured during 1950-89 at the gage near Hatch
were added to the mean m:>nthly discharges of Panguitch Creek measured during
1961-80 (gaging station 10176300) (pl. 1). Panguitch Creek is the only major
tributary to the Sevier River in Panguitch Valley downstream fran the gage
near Hatd1.. The average gain in flow between the gage on the Sevier River
near Hatch (combined with the flow from Panguitch Creek) and the gage in
Circleville canyon, fran December to March, was about 58 fe Is (41,990 acre
ft/yr). The flow in the river from April to November is influenced by
surface-water diversions, spring runoff, am. tail-water inflow fran irrigated
fields, and thus was not used to carq:ute the average gain in discharge.

A gain-loss study made on the Sevier River in August 1988 from a point
about 1.5 mi upstream fran the gage at Hatch to the Circleville Canyon gage
indicates a graphic average (m:>re than three measurerrents) gain of 125 ft 3 Is
(90,500 acre-ft/yr) (George W. Sandberg, u.S. Geological Survey, written
a:mnun., 1990). Because the gain-loss study was made during the irrigation
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season, part of the measured gain is attributed to tail~ater inflow from
irrigated fields.

calculated from 25 years of records (1964-89), the rrean monthly disdlarge
of Mammoth Creek above the West Hatch Ditch diversion (gaging station
10173450) (pI. 1) for Decerrber aoo January is about 15 fe Is. carpenter aoo
others (1967, p. 34) estimated the base flCM of Asay Creek (including the ~st

Fork) to be about 26 fe/so The combined flCM of Asay aoo .ManIroth Creeks in
Decenber aM January, which account for alnost all of the flow in the Sevier
River just downstream from its confluence with Mammoth Creek, is about 41
ft 3 /s. This value is about 16 ft 3 /s (11,580 acre-ft/yr) less than the
December and January mean nonthly discharge <XXIpUted for the Sevier River at
the Hatch gaging station. Because no major tributaries enter the sevier River
between the confluence with Mammoth Creek and the gage near Hatch, the
increase in flCM is attributed to ground-water discharge. Seepage to the
Sevier River from the valley-fill aquifer is estimated to be about 53,570
acre-ft/yr in Pangui tch Valley.

Seepage from the valley-fill aquifer to canals occurs where canals
intersect the water table. A gain-loss study made on parts of the Long-East
Bench and kEWen canals in the suxmer of 1988 shCMed that scree sections of the
canals gain water (George W. Sandberg, u.S. Geological Survey, written
commun., 1990). Gain in flCM in the Long-East Bench canal was rreasured to be
about 4.7 ft 3/S out of a diversion that averages 51 ft 3/s. Gain in flow in
the McEwen Canal was measured to be about 5.5 ft 3/s out of a diversion of
about 16 fe Is. Most of the gain in flow in the McEwen canal is from seepage
from Long Canal and its irrigated fields upgradient from the McEwen canal.
The kEWen canal also crosses the Sevier River floodplain, where the water
table is near land surface, througoout roost of the gaining reaches. Much of
the gain measured during the seepage investigation is attributed to tail~ater

flow moving off irrigated fields into &Jwngradient canals and ditches. This
gain-loss study indicates an estimated 2,000 acre-ft/yr of water discharged
from the valley-fill aquifer into canals in PaI¥JUitch Valley.

Evapotranspiration

Ground-water discharge from the valley-fill aquifer by evap:>transpiration
occurs primarily along perennial stream channels where the water table is near
enough to laoo surface to sUQ;>Ort Iilreatcphyte growth. This depth to the water
table varies with each type of phreatoIityte. The principal phreatophytes in
the basin are mead:::M grasses and saltgrass with sane rabbitbrush, greasewood,
cotton\\OJd, and willCM.

About 5,770 acres in Panguitch Valley during 1981 were classified as
covered by non-irrigated wetland pasture, irrigated wetland pasture and
hayland, and riparian wetland (Jaynes and others, 1981). An annual
conslUllptive-use rate of 23.0 in/yr (1.9 ft/yr) was carq;:uted as an average from
monthly rates and acreages listed for phreatoIilytes in the area by the u.S.
Departrrent of Agriculture (1969b, Appeooix IV, tables 37-40). Average monthly
evapotranspiration rates for phreatcphytes in Panguitch Valley are CCtober,
1.7 in.; November, 0.5 in.; Decent>er, 0.2 in.; January, 0.1 in.; February, 0.2
in.; March, 0.5 in.; April, 1.2 in.; May, 2.1 in.; June, 3.5 in.; July, 5.2
in.; August, 4.5 in.; and september, 3.3 in. Total evapotranspiration from
Iitreatcphytes in Panguitdl Valley was estimated to be about 11,060 acre-ft/yr.
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Springs

Springs discharging ground water from the valley-fill aquifer are usually
located where the water table intersects the land surface. In Panguitch
Valley, springs also occur at the contact between consolidated rock and
valley-fill deposits or where the hydraulic conductivity of the valley-fill
deposi ts decreases abruptly. Information about selected springs in the basin
is listed in table 5 at the back of this report.

The total quantity of water discharging from springs and seeps in
Panguitch Valley is estimated to be 4,600 acre-ft/yr, on the basis of
discharge measurements listed by Carpenter am others (1964). Most of the
springs are along the base of hills cx:xrposed of older Q..Iaternary valley-fill
deposits am south of Panguitch on the east side of the valley. These springs
and seeps account for 1,900 acre-ft/yr of ground-water discharge and are
perched above the valley-fill a:;ruifer cx:xrposed of younger Q..Iaternary valley
fill deposits (see IlMovement ll section of IIGround-water hydrology of the
valley-fill a:;ruifer in Panguitch Valleyll section of this report).

About 2,200 acre-ft/yr discharges from the valley-fill aquifer material
into sloughs at the northerruoost end of the valley. The consolidated rock
that separates Circle Valley from Panguitch Valley forces the ground water
IOOving downgradient through the valley-fill a:;ruifer of Panguitdl Valley to
rove tCMard the land surface and eventually discharge at the sloughs.

Three springs discharge about 500 acre-ft/yr from older Quaternary
valley-fill deposits at the rontact with the underlying consolidated rock.
These springs are west of the sevier River, between the samy Creek and Bear
Creek drainages, and may be fed partly by water from more permeable
ronsolidated rocks in the area.

wells

Ground-water withdrawal from wells oampleted in the valley-fill aquifer
of Panguitdl Valley is a minor discharge canp:ment of the ground-water budget.
Withdrawals have increased since 1962 because IOOre wells have been drilled in
the area. According to drillers I logs sutxnitted to the Utah State Engineer I s
Office, 120 wells were drilled in Panguitch Valley from 1963 to 1989.
Information on selected wells in the basin is listed in table 6 at the back of
this report.

Ground-water withdrawal from wells in Panguitch Valley is estimated to be
about 100 acre-ft/yr. Public suWly wells wittXlraw about 45 acre-ft/yr on the
basis of water-use data suWlied by p.1blic water suppliers, and domestic and
stock wells wittXlraw the remainder on the basis of the nunt>er of wells in the
valley.
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Subsurface Outflow

Ground-water outflow from Panguitch Valley through the subsurface is
probably small because the valley-fill deposits at the north end of the valley
are thin and narrow. '!he consolidated rock along the sides and bottom of the
valley act as a barrier and cause the ground water to discharge to sloughs or
to the Sevier River. A very small quantity of ground water may move into
Circleville canyon through valley-fill deposits along the bed of the sevier
River.

Water-Level Fluctuations

Measured water levels in most wells in panguitch Valley fluctuate in
response to changes in precipitation on the surrounding plateaus and the
resulting streamflow in the sevier River, its tributaries, and diversions.
Water levels in selected wells completed in valley-fill deposits in Panguitch
Valley were ~asured to determine seasonal and long-term var iations. Except
for a single well at the northern end of the valley, long-term water-level
fluctuations generally follow climatic trends for the area. Water levels were
~asured in Ck:tober 1961 and October 1989 in 10 wells. water levels in all 10
wells were higher in 1989 than in 1961, probably because of the greater-than
average precipitation that occurred during the 1980's (6 out of the 9 years at
the Parguitch weather station were greater than average (fig. 3». Water
level data from selected wells in the upper sevier River basin are listed in
table 7 at the back of this report.

Seasonal Fluctuations

The sources of recharge and rates of inflow to the valley-fill aquifer
vary throughout the year because of the seasonal nature of streamflow and
irrigation in the valley. Water levels in wells in areas where the main
component of recharge is seepage fran strearrs, such as well (C-36-5)28bdc-l
near the Sevier River (fig. 7), generally rise soon after spring runoff and
decline during the winter months. In areas where diversion losses and
unconsumed irrigation water are the main canponents of recharge, the highest
water levels occur in late summer and fall. Water levels, measured in
observation wells installed at the sprinkler- and flood-irrigated soil
moisture test plots (C-34-S)10bab-l and (C-34-5)16dca-l), for exanple, rose
during the irrigation season and declined during the non-irrigation season
(fig. 6a and 6b). Seasonal water-level fluctuations measured fran 1962 to
1963 and from 1988 to 1989 for four wells in Panguitch Valley near ditches or
the sevier River are srown in figure 7.

Water levels were measured in April and again in Ck:tober 1989 in 36 wells
cx:Itpleted in valley-fill deposits. Changes in water level ranged from a rise
of 10.49 ft in well (C-34-5)17dbb-l to a decline of 1.55 ft in well
(C-37-5)19cad-l (fig. 8). Seasonal water-level rises can be attributed to
increased recharge from several surface-water sources. Water-level declines
were probably caused by a local decrease in the quantity of recharge;
primarily losses from surface-water diversions and unconsumed irrigation
water.

Water levels in 25 wells were measured in July-November 1988 and in
October 1989 to monitor annual water-level fluctuations (table 7). In
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Figure 7. Seasonal water-level fluctuations from 1962 to 1963 and from 1988 to 1989 in
four wells in Panguitch Valley.
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Well (C-33-5) 1Oaba-1
near an irrigation canal
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Figure 8. Seasonal water-level fluctuations from 1988 to 1989 in six wells in Panguitch Valley.
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Well (C-37-5)19cad-1
on an alluvial fan
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Figure 8. Seasonal water-level fluctuations from 1988 to 1989 in six wells in Panguitch
Valley-Continued.

general, water levels declined throughout Panguitch Valley except at well
(C-32-5) 35bab-l (fig. 7) at the northern end of the valley near an irrigation
ditch and the Sevier River, and at well (C-36-5}28bdc-l (fig. 7) at the
southern end near a flood-irrigated pasture near the Sevier River. '!he water
level rises rreasured at these two wells may have been the result of continued
diversion of surface water for irrigation late into the fall because of a
shortage of water during the previous sumner.

lDng-Term Fluctuations

Water levels rreasured in wells during March and April in Panguitch Valley
usually represent the lowest water levels of the year. Cum.1lative departure
of the annual peak srx:>w-water rontent from the 1951-89 average annual peak
snow-water content at the Harris Flat SfX)W rourse in the southern Markagunt
Plateau is shown in figure 9. Fluctuations in March or April water levels in
some wells measured from 1951 through 1989 tend to correspond in time with
changes in the cumulative departure of the annual peak snow-water content.
For example, a rise in water level measured in March or April as canpared with
the previous March or April water level rreasured in well (C-32-5) 26aca-l (at
the northern end of Panguitch Valley) and an increase in the cumulative
departure of the annual peak srx:>w-water rontent was ooted in 1954, 1958, 1962,
1969, and 1973 (fig. 9).
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A decline in water level rreasured in March or April as a:npared with the
previous March or April water level rreasured in the well am a corresponding
decrease in annual Peak snCM""Water content was noted in 1953, 1959 through
1961, 1963, 1970, 1974, and 1975. A relatively large rise in water level in
well (C-32-5)26aca-l from 1976 to 1977 did not correspond with a decrease in
the annual Peak snCM""Water content for the same perioo. A water-level decline
in the well from 1979 to 1980 did not correspond with an increase in the
annual peak snow-water content for the same per iod. water-levels in well
(C-32-5)26aca-l were not measured in 1955, 1978, or during 1981-86.

The same type of correlation between changes in March or April water
levels and changes in annual peak snow-water content is evident in well
(C-36-5)28bdc-l at the southern end of the valley. Water-level rises am
increases in Peak snCM""Water content were determined for 1968, 1978, 1979, am
1983. Water-level declines and decreases in peak snow-water content were
determined for 1964, 1972 (a leap year-water level was measured on February
29), 1981, 1984, 1987, and 1988 (fig. 9). March or April water levels were
not rreasured in 1969 and 1973. Continued periods of less-than-average or
near-average peak snow-water content, such as from 1963 to 1967, seem to
result in minor changes in water levels measured in March and April at the
above wells. Water levels in both wells may imicate oonfined conditions in
the aquifer.

Well (C-34-5)4ddd-l is 21 ft deep am next to an irrigation ditch. There
is about a l-year delay in resp:mse between water levels measured in the well
to changes in the cunulative departure of the peak annual snCM""Water content
(fig. 9). This correlation did not occur in 1965, 1966, 1976, and 1977,
perioos of less-than-average peak annual snow-water oontent. An adjustment in
stream diversions to canals in response to these resulting low-flow years
could be the cause for the exceptions. This relation imicates that water in
well (C-34-5) 4ddd-l is umer water-table conditions.

A delay of about 1 year is also evident between changes in annual Mardl
or April water levels measured in well (C-34-5)8adb-2 and changes in
cumulative departure of peak annual snCM""Water content (fig. 9). A response
in water levels q;>pOsite from the change in the a.mulative departure of peak
snow-water content occurred in 1958, 1959, and 1966 through 1968. Again,
these exceptions to the oorrelation are probably caused by changes in surface
water diversions.

Seasonal and rronthly fluctuations can mask long-term variations in water
levels measured in wells in the valley (fig. 10). water levels at the end of
the 1951-89 perioo are slightly higher than those rreasured during other parts
of the period because of greater-than-average precipitation in 1980, 1981,
1983, and 1984.

The ground-water system in Panguitch Valley is assumed to be stable
(conditions do not change radically from year to year). The quantity of
recharge to the valley-fill aquifer in Panguitch Valley is assurred to equal
the quantity of discharge from the aquifer. An indication of a change in
water levels in the valley would be a change in the quantity of ground water
discharging fram the valley-fill aquifer.
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Figure 10. Long-term water-level fluctuations from 1951 to 1989 in four wells in Panguitch Valley.
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The average monthly mean flaY values of the sevier River in Circleville
canyon (gaging station 10180000) fran ~cember through March fran 1950 to 1989
were added together (fig. 11). Discharge during these winter rronths is only
slightly influenced by surface-water inflows or outflows and best represents
base flow derived fran groum water. A straight line drawn fran 1950 to 1980
generally corresp::>ms to the cumulative average m:::mthly nean flow for Decenber
through March. In 1980, the relation between time and average winter
streamflav changed, indicating an increase in base flow der i ved from ground
water (fig. 11). This change in slope corresponds to the beginning of a
period of greater-than-average Peak snav-water content (fig. 9).

Hydraulic Properties

Hydraulic properties of the valley-fill deposits in Panguitch Valley were
estimated using (1) specific-capacity tests obtained fran 71 drillers' logs,
(2) one aquifer test, (3) ranges of values canpiled for similar unconsolidated
material-filled basins, and (4) descriptions of materials reported in
drillers' logs. The many nodes of deposition in the valley result in much
layering and interbedding of the valley-fill dep::>sits. The layers were not
readily correlated with drillers' logs of wells. The gradational nature of
the valley-fill dep::>sits creates a broad range in both vertical and horizontal
hydraulic conductivity. Values of hydraulic conductivity estimated from
specific-capacity tests usually represent relatively perneable layers in the
dep::>sits •

In the northern part of the valley, hydraulic-comuctivity values ranged
fran about 2 to 540 ft/d, with an average of about 120 ft/d. In the southern
part, hydraulic-comuctivity values ranged fran about 0.2 to 150 ft/d, with an
average of about 20 ft/d. A transmissivity of about 650 ft 2/d was calculated
fran an aquifer test at well (C-36-5)29doo-1. The snaller values of hydraulic
comuctivity estimated for the southern part of the valley may be the result
of the semiconsolidated Sevier River Fbrmation occurring at shallaver depths.
A synthesis of hydraulic-conductivity values compiled for coarse-grained
basin-fill materials in the Basin and Range province ranged fran about 0.03 to
3,000 ft/d, with a mean value of about 30 ft/d (Bedinger am others, 1987, p.
39) • Data were not available to determine vertical hydraulic-comuctivity
values of the valley-fill dep::>sits in Pangui tch Valley.

Specific yield of the valley-fill deposits in Panguitch Valley was
estimated to range from about 0.03 for clay to 0.25 for gravel, with an
average value of about 0.12, based on descriptions of materials reported in
drillers' logs. The storage coefficient of the valley-fill deposits under
artesian conditions was estimated by Carpenter am others (1967, p. 44) to
range fran 0.0001 to 0.001.

VALLEY-FILL ~IFERS IN CIRCLE, GRASS, AND FASI' FCRK VAILEYS

The occurrence of ground water in the valley-fill deposits of Circle,
Grass, and East Fork Valleys is similar to that in Panguitch Valley. The
saturated valley-fill dep::>sits are considered to be the main aquifers in the
valleys. Each valley is bound on at least three sides by less perneable
consolidated rock. Groum water in alluvial-fan am flood-plain deposits is
mostly under water-table coooitions. Fine-grained lacustrine deposits form a
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Figure 11. Cumulative average monthly mean flow from December through March at Sevier River
in Circleville Canyon (streamflow-gaging station 10180000), 1950-89.
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confining layer in the northern part of Grass Valley. Confined conditions
also exist in the northern, or downgradient, parts of Circle, Johns, and
Antimony Valleys because of an abundance of fine-grained unconsolidated
material deposited in the lowest parts of the valleys. Flowing wells are
present in these areas.

Recharge

Recharge to the valley-fill aquifers in Circle, Grass, and East Fork
Valleys is mostly fran infiltrating surface water and precipitation. Inflow
fran other valleys and fran cxmsolidated rock is another possible source of
recharge. Few data were available to quantify seepage fran the consolidated
rock contact, but it likely occurs to sate degree in each valley.

Seepage fran streams to the valley-fill aquifers depends on rate of flow,
hydraulic conductivity of the valley-fill deposits, and elevation of the water
table in relation to the stream. Average annual streamflow was determined
fran gaging-station records, or, where disdlarge data were not available, fran
the ratio of drainage area to discharge rreasured at gaged streams in the area.
This ratio was multiplied by the drainage area of the ungaged stream to
calculate an estimated streamflow.

The estimated average annual streamflow calculated for tributary
drainages was about 20,300 acre-ft/yr in Circle Valley, 39,500 acre-ft/yr in
Grass Valley, and 80,600 acre-ft/yr in East Fork Valley. Gaging-station
records of streamflow rreasured at the upper and lower ends of the sevier River
in Circle Valley and of Otter Creek in Grass Valley indicate a gain in flow.
This gain probably results from recharge to the ground-water reservoir fran
tributaries that in turn discharge to the controlling stream. On the basis of
gaging-station records for streams in the area, seepage was estimated to range
fran 20 to 50 percent of the average annual streamflow.

The quantity of water diverted into canals fran streams was calculated by
averaging available data collected by the sevier River CCJlInissioner fran 1960
to 1988. Estimates by Carpenter and others (1967) were used in areas where
data were not available. Diversions to canals were about 35,600 acre-ft/yr in
Circle Valley, 16,000 acre-ft/yr in Grass Valley, and 12,200 acre-ft/yr in
East Fork Valley. Water diverted fran Mitchell 5100gb for use in the Junction
area north of Circle Valley was oot included in the total diversion for Circle
Valley. Losses fran the canals to the valley-fill aquifers were estimated to
be about 10 percent of these diversions.

Recharge fran infiltration of unconsurred irrigation water occurs in areas
irrigated with rore water than can be consurred by the crop3. The mettxXl used
to estimate redlarge fran unconsumed irrigation water in Circle, Grass, and
East Fork Valleys is the same as the mettxXl described for Panguitch Valley.

The total irrigated acreage mapped in Circle Valley in 1981 (Jaynes and
others, 1981) was 6,650 acres. Assuming 10 percent in transmission losses
fran canals and ditches, an average 32,040 acre-ft/yr of water was applied to
the fields while 20 percent of this quantity roved off of the fields as free
water evaporation or tail-water ruooff. Because roost of the irrigated fields
in this valley consist of alfalfa and pasture, a consumptive-use rate fran 25
to 30 in/yr for alfalfa and pasture (13,850 to 16,620 acre-ft/yr) was used
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(u.s. DepartnEnt of Agriculture, 1969b, Ap];:emix IV, table 36). The remaining
applied water oot consumed by the crops was estimated to be 9,010 to 11,780
acre-ft/yr. '!his quantity was assurred to recharge the valley-fill aquifer in
Circle Valley.

Grass Valley contained 4,520 acres of i rr igated fields in 1981. Assuming
that 11,520 acre-ft/yr of water is available to the fields after transmission
losses, evaporation, am tail-water ruooff, and a consumptive-use rate fran 23
to 27 in/yr (8,660 to 10,170 acre-ft/yr) for alfalfa and pasture (U.S.
Department of Agriculture, 1969b, A];::pendix IV, tables 31-32) is subtracted,
1,350 to 2,860 acre-ft/yr was estimated to recharge the valley-fill aquifer in
Grass Valley.

East Fork Valley contained 3,130 irrigated acres in 1981, and this
acreage received about 8,760 acre-ft/yr of water after losses. The
consumptive-use rate for alfalfa in this area is about 27 in/yr (7,040 acre
ft/yr) (u.s. Department of Agriculture, 1969b, Afpendix IV, tables 33-34).
The remaining unconsumed irrigation water, about 1,720 acre-ft/yr, is
available to recharge the valley-fill aquifer in East Fbrk Valley.

On the basis of similar rates determined in other areas in Utah,
infiltration of precipitation is estimated to be about 5 percent of the
average annual precipitation on the valley-fill deposits. On the basis of
average annual precipitation from 1931 through 1960 (U.S. Weather Bureau,
1963), recharge to the Valley-fill aquifers was estimated to be about 1,000
acre-ft/yr in Circle Valley, 2,700 acre-ft/yr in Grass Valley, and 3,500 acre
ft/yr in East Fbrk Valley.

The quantity of subsurface inflow from surrouming consolidated rocks
into the valley-fill aquifers is not koown. A gain-loss study in August 1988
indicated that a small increase in base flow occurs on the East Fork sevier
River in Black Canyon (see "Ground-water hydrology of consolidated rocks"
section of this report). In Grass Valley, drillers' logs imicate that three
flCMing wells in the Koosharan area are a:xrpleted in umerlying volcanic rock.
These wells reportedly disdlarge fran 50 to 1,250 gal/min (81 to 2,017 acre
ft/yr) •

Movanent

Ground water in the ufPer Sevier River basin generally roves fran higher
elevation recharge areas near the mountain fronts am at the heads of the
major valleys, dCMngradient toward lCMer-elevation disdlarge areas. Discharge
areas are primarily along the principal stream am at the lowest part of the
valley where the principal stream exits. Consolidated rock that crop:; out and
is found at shallow depths below the valley-fill deposits at the downstream
ends of Circle, Johns, and Antimony Valleys causes ground water to move
vertically upward toward land surface in these areas. M::>verrent of ground
water between adjacent valleys is probably minor because of relatively
impermeable consolidated rock that separates the valleys. Carpenter and
others (1967, p. 55) reported that about 1, 000 acre-ft/yr of subsurface flow
from Grass Valley recharges the valley-fill aquifer in Antimony Valley.
Contours showing the potentiometric surface of ground water in parts of
Circle, Grass, and East Fork Valleys in lXtober 1989 are shown on plate l.
The gradient in Circle Valley is much less steep than that of the other
valleys because of the roumer shape and gentler tcpograP'ty of the valley.
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Discharge

The main components of discharge from the valley-fill aquifers are
discharge to streams, evap::>transpiration, springs, and wells. Increase"s in
base flow along the principal stream in a valley occur where the water table
is at a higher elevation than the streambed. FOr example, a large quantity of
ground water is discharged to the Sevier River in Circle Valley. The
difference in the winter (DecerrDer through March) average nean IlK)llthly flow in
the sevier River measured at gaging station 10180000 in Circleville canyon and
at dCMIlStream gaging station 10183500 near Kingston (pl. 1) is about 24 ft 3 Is
(17,380 acre-ft/yr), based on 40 years of record (1950 to 1989). Because
inflows from tributary streams to the sevier River and diversions to canals
are typically minimal during the winter, JOC)St of this quantity is attributed
to groundrwater inflow. Ground-water inflow to the Sevier River probably
occurs throughout the year, although its presence is masked during all but the
winter rronths.

Monthly streamflow data are available fran 1972 to 1980 at gaging station
10187300 on Otter Creek (pl. 1) at the upstream end of Grass Valley and at
gaging station 10187500 on Otter Creek (pl. 1) above Otter Creek Reservoir.
Peak flow from spring ruooff usually occurs in May at gaging station 10187300,
2 to 3 rronths later than at the cDwnstream ga~e, because of differences in the
elevations of the drainage basin. About 6 ft Is IrK>re flow was measured during
December and January at the downstream gage than at the upstream gage.
Tributary streamflow to Otter Creek between these two gages has not been
neasured but is thought to be less than the gain measured.

Ground-water discharge by evap:>transpiration occurs where the water table
is near enough to the laoo surface to su];POrt P1reatophyte growth. In 1981,
Circle Valley contained about 3,760 acres of phreatophytes, Grass Valley
contained about 6,740 acres, aoo East FOrk Valley contained about 2,140 acres.
Average evap::>transpiration rates were calculated fran p:>tential consumptive
use rates listed by the U.S. Departnent of Agriculture (1969b, Appeooix IV,
tables 31-36) for P1reatophytes in the area. Discharge from the valley-fill
aquifers by evapotranspiration was about 7,890 acre-ft/yr in Circle Valley,
about 14,690 acre-ft/yr in Grass Valley, aoo about 3,360 acre-ft/yr in East
FOrk Valley.

Discharge from springs in the valley-fill aquifers was estimated by
carpenter and others (1967, p. 51) to be about 6,200 acre-ft/yr in Circle
Valley, 440 acre-ft/yr in Grass Valley, and 5,940 acre-ft/yr in East Fork
Valley. Ground water discharges at seeps and sloughs in the northern parts of
Circle Valley and Grass valle~. Discharge at Mitchell Slough, in Circle
Valley, was measured at 8.2 ft Is in August 1960 (carpenter aoo others, 1964,
p. 9). Infonnation on springs in the basin inventoried during this study is
listed in table 5 at the back of this rep:>rt.

The number of wells drilled in the study area from 1963 to 1989 was
compiled using drillers' logs sutmitted to the Utah State Engineer's Office.
'lhirteen wells were drilled in Circle Valley; 31 in Grass Valley with 13 that
flow; and 40 in Fast Fork Valley (utah State Engineer, written camun., 1989).
In East FOrk Valley, 7 wells were drilled in the Antimony area, 9 in Johns
Valley, and 24 in Emery Valley. Wells drilled prior to 1963 are listed by
valley in carpenter and others (1967, p. 50).

37



Ground-water withdrawals fran wells is a small part of the discharge fran
the valley-fill aquifers in Circle, Grass, and East Fork Valleys. Ground
water withdrawals from wells were estimated on the basis of discharge
neasuranents in the field and discharge measurements reported on drillers'
logs. The estimated ground-water withdrawal fran wells in Circle Valley was
223 acre-ft/yr, 200 acre-feet of which came fran t~ irrigation wells. About
1,700 acre-ft/yr was estimated to be discharged fran wells in Grass Valley,
rrostly fran flCMing wells for irrigation am stock use. Flowing wells in the
Koosharem area of Grass Valley account for about half of the total withdrawals
fran wells in the upper sevier River basin. An estimated 4 acre-ft/yr was
p.mped for public suWly in Grass Valley. Withdrawals in Fast Fork Valley are
estimated to be 124 acre-ft/yri 110 acre-ft/yr for public su~ly and 14 acre
ft/yr for domestic and stock use. Most of the water pumped in East Fbrk
Valley is used for public suWly in Emery Valley.

Water-Level Fluctuations

Fluctuations in water levels neasured in selected wells in Circle, Grass,
and East Fork Valleys, which include Antimony, Johns, and Emery Valleys,
generally oorrespom to changes in the quantity of precipitation falling on
the surrounding high plateaus. Water-level data from wells in the upper
sevier River basin are presented in table 7 at the back of this report.

Water levels measured monthly during 1988 and 1989 in selected
observation wells show sane seasonal fluctuation am an overall decline (fig.
12) • The decline in water level neasured in wells in all four valleys can be
attributed to less-than-average precipitation during 1988 and 1989 (fig. 3).
At well (C-30-4) 35dab-l in Circle Valley, water levels rose in February 1989
in response to the i.np:lurrlnent of water behind a constriction of ice on the
nearby Sevier River. The river overflowed its banks and flooded the adjacent
area, including the field where the observation well is located. water levels
in the well peaked sanetime in late February or early March am returned to
the regional trem by April 1989.

Water-level declines were measured in most wells between April and
<Xtober 1989. Water levels usually rise in irrigated areas such as Circle
Valley during this period when surface water is diverted am awlied to creps.
Less-than-average precipitation in 1988 and 1989, h;)wever, decreased surface
water diversions and tributary inflow, and caused water-level declines in
Circle, Grass, am East FOrk Valleys. The largest declines in water level
from 1988 to 1989, up to 13 ft, were measured in East FOrk Valley. water
level rises are oormally measured in the spring and probably correspond to
tributary inflow fran snCMlIelt runoff.

Long-tenn changes in water levels were neasured in eight wells, and are
shown in figure 13. Water levels were measured annually, usually in March am
september. seasonal water-level fluctuations can be seen in most of the well
hydrographs, but long-term trends associated with precipitation are still
evident (fig. 13). water levels measured in wells (C-30-4)35dab-l in Circle
Valley, (C-27-1) 27abc-2 in Grass Valley, (C-30-2)34bcc-l in Antirrony Valley,
(C-33-2)22aab-l and (C-34-2)30ccc-l in Johns Valley, and (C-36-3)6dba-l in
Emery Valley responded to greater-than-average or near-average precipitation
fran 1978 to 1987 (fig. 3). The water level in well (C-26-1)25acc-l in Grass
Valley declined 6.4 ft from 1951 to 1988. Annual precipitation in the area
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Figure 12. Seasonal water-level fluctuations from 1988 to 1989 in four wells in Circle,
Grass, Johns, and Emery Valleys.
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was less than or near average from 1951 to 1977 and greater than or near
average from 1978 to 1987 (fig. 3). The continued decline in water levels
measured during the period of greater-than-average precipitation may be the
result of groooo.-water disdlarge fran flCMing ¥.ells in the area.

Hydraulic Properties

Hydraulic properties of the valley-fill aquifers in Circle, Grass, aoo.
Fast Fork Valleys ¥.ere estilnated fran aquifer tests and specific-capacity data
and from lithologic descriptions fran drillers' logs. Transmissivity of the
valley-fill deposits in Circle Valley ranged from 80 to 15,000 ft 2 /d on the
basis of one aquifer test and 11 specific-capacity tests. Transmissivity
values were calculated fran reoovery tests conducted on five flowin~ wells in
the northern part of Grass Valley. Values ranged fran 14 to 190 ft /d with an
average value of 130 fe/d. The straight-line solutions of Cooper and Jacob
(1946) were used to calculate transmissivity values fran recovery tests.

Hydraulic-conductivity values, estimated from specific-capacity tests
and perforated intervals in wells completed in the valley-fill depcsits in
Fast Fork Valley ranged fran 0.2 ft/d for a ¥.ell located on an alluvial fan in
Johns Valley to 1,500 ft/d for a ¥.ell canpleted in saoo. aoo. gravel in Enery
vallei'. An aquifer test at a ¥.ell in Emery Valley yielded a transmissivity of
6 ft /d, and most values of hydraulic conductivity estimated fran specific
capacity data and perforated intervals for wells in the area ranged fran 6 to
20 ft/d.

Specific-yield values for the valley-fill aquifers in Circle, Grass, and
East Fork Valleys were estimated on the basis of descriptions of materials
reported in drillers I logs aoo. ranged from about 0.03 for clay to 0.25 for
gravel. The average specific-yield values were 0.16 for Circle Valley, 0.08
for the northern part of Grass Valley near Koosharem, and 0.13 for the
southern part of Grass Valley and East Fork Valley. The storage coefficient
of the valley-fill aquifers under artesian conditions was estimated by
carpenter and others (1967, p. 44) to range fran 0.0001 to 0.001.

The ground-water budgets for Panguitch, Circle, Grass, and East Fork
Valleys are rough estimates calculated from limited data: however, they
present the major components of recharge and discharge to and from the
aquifers and emphasize the inportance of relations bet¥.een surface water aoo.
groooo. water in each Valley. '!he unknCMl'l oontr ibution of recharge from the
consolidated-rock boundary is possibly a major budget component aoo. might
acoount for same of the difference between inflow to and outflow from the
valley-fill aquifers.
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ClIEMICAL QUALITY OF WATER

The chemical quality of water in the upper Sevier River basin was
determined from sanples oollected fran 19 wells, 12 springs and seeps, and 12
surface-water sites in 1988 and 1989. Five of the analyses are fran springs
discharging from consolidated rock. Chemical-quality data available for
ground-water and surface-water sites inventoried during this study are shown
in tables 8 and 9, respectively, at the back of this report.

The type of rock that ground water comes in contact with while ITOving
fran recharge to discharge areas is the major factor controlling the chemical
composition of the water. Ground water in the study area has mainly been in
contact with limestones of the Claron Formation in the Paunsaugunt and
southern Markagunt Plateaus; Tertiary volcanic rocks of the Awapa, Aquarius,
sevier, and northern Markagunt Plateaus, and the southern Tushar Mountains; or
unoonsolidated material eroded from these rocks.

The daninant ions in ground water disdlarged downgradient from the Claron
Formation are calcium, magnesium, and bicarbonate. Magnesium is present in
large ooncentrations because the limestone of the Claron Formation contains
dolomite.

The chemical c::x::nposition of the Sevier River between the southern part of
Panguitch Valley and the town of Panguitch is similar to the chemical
a:nposition of ground water in the same area. Sodium concentrations in the
Sevier River increase north of Panguitch because of the presence of volcanic
rocks in the surrounding plateaus and in the valley-fill deposits. water that
has discharged from or has been in oontact with rocks of volcanic origin is
mostly a calcium bicarbonate type, generally containing more sodium than
magnesium. The volcanic rocks contain a large percentage of plagioclase
feldspar in relation to other minerals from which sodium is derived.

The ground-water sanples fran the northern end of Panguitch Valley have a
lower dissolved-solids concentration than other ground water in the area,
except for water from Marrm:>th Spring, Panguitch Creek, and sane of the wells
in the valley that discharge from valley-fill deposits eroded from volcanic
rocks. '!he water is also similar to ground water sanpled in Circle Valley and
Grass Valley, and in Black canyon, where the rocks are pr imarily of volcanic
origin.

Ground water at the northern end of Panguitch Valley is forced vertically
upward toward land surface by a oonstriction of the valley-fill deposits and
may represent water that has traveled through the deeper parts of the valley
fill deposits. This water may have been recharged to the valley-fill aquifer
fran volcanic-rock sources in the northern part of Panguitch Valley, or it may
have been recharged in the southern part of the valley fran eIilaneral streaII5
with chemical quality similar to that of Mammoth Spring and Navajo Lake.
Water with a small dissolved-solids concentration could mix with water that
has been in oontact with volcanic rock, resulting in water with a chemical
cnnposition similar to that sanpled at the northern end of the valley.

Calcium and bicarbonate are the dominant ions in ground water that
discharges near the Sevier River in Panguitch Valley, downgradient from
irrigated areas. '!hese ions occur at ooncentrations about two times greater
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than water sampled elsewhere in the valley. The high bicarbonate
ooncentration in this water is probably the result of movement through and
reaction with soils that contain high concentrations of carbon dioxide.
Ground water flowing into the sevier River at seeps (C-34-5) 4cdc-Sl and -S2,
and (C-34-5)27cad-Sl contained larger dissolved-solids concentrations in
August 1988 and 1989 than the river water or the diverted water that irrigated
the upgradient fields.

All of the samples collected during this study contained minor
concentrations of sulfate, except for water from one flowing well in the
oorthwestern part of Circle Valley, (C-3Q-4)13ccb-l, where the daninant anion
is sulfate. The dominant cation in water from well (C-33-S)4ddd-l in
Panguitch Valley is sodium, probably because of the proximity of volcanic
rocks. Nitrogen concentrations varied from 3.80 mg/L in water from well
(C-35-5)35dad-l in Panguitch Valley to less than the detection limit of 0.100
mg/L in water from wells (C-35-5)25bbc-3 and (C-37-5)19cad-l and seep
(C-34-S)4cdc-Sl in Panguitdl Valley, and well (C-36-3)6dba-l in Emery Valley.
water-quality diagrams showing the concentration, in milliequivalents per
liter, of major ions in ground water sampled from 1986 through 1989 are shown
on plate 1.

Dissolved-solids ooncentrations of ground water sampled from valley-fill
aquifers during this study range from 148 mg/L at well (C-26-l)23ddb-2 in
Grass Valley to 473 ng/L at well (C-30-3)19dbb-l in Circle Valley. Dissolved
solids concentrations of ground water sampled from consolidated-rock sources
ranged from 85 mg/L at (C-30-4)16abb-Sl (Circleville Spring) to 233 mg/L at
(C-34-3)27ddc-Sl (Tom Best Spring). Dissolved-solids concentrations at
selected sites on the sevier and East Fbrk Sevier Rivers ranged from 18.5 ng/L
at the Sevier River near Hatch (gaging station 10174500) to 318 mg/L at the
sevier River, (C-33-S)3aaa.

Specif ic conductance provides an indication of the concentration of ions
in water. Specific oonductance and temperature measured during this study for
water from selected ground-water sites are listed in tables 5, 6, and 8.

Specific oonductance was measured at several locations on the Sevier
River in Panguitdl Valley during the sUll1TErs of 1988 (George w. sandberg, U.S.
Geological Survey, written camun., 1990) and 1989. A general increase in
SPeCific conductance was measured fran the southern (up3tream) end to oorthern
(dCMOStream) end of the valley. Because flow from tributary streams is low
during the sUll1TEr mnths, inflCM from ground-water sources to the Sevier River
is the primary cause of the increase in specific conductance of the river
water. Evapotranspiration and water;nanaganent practices also contribute to
this increase.
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An example of ground water influencing the specific conductance of
surface water in Panguitd1 Valley is the mixing of flow from Casto Wash with
that of the Sevier River. Water is diverted from the sevier River into an
irrigation canal just above the nouth of Casto Wash. The ratio of water in
the river at the confluence to water in the spring-derived Casto Wash
approad1ed one to one in the summer of 1989; whereas, the ratio was much
larger in the sumner of 1988. The specific oorrluctance of the river above
casto wash was measured in July 1989 at 330 ~/cm and at 480 IJ.S/cm below the
confluence; the specific oorrluctance of Casto Wash was 520 ~/cm. IX>wnstream
fran Casto Wash, the specific oorrluctance of the Sevier River renained larger
than the premixing value of 330 ~/cm.

Data oollected in July and August 1989 indicated that ground-water inflCM
to the Sevier River occurred both above and below the water surface, at many
locations north of Roller Mill Hill near panguitch. The river was at a very
low stage at these tines because of less-than-average precipitation arrl near
average diversions of water for irrigation. The specific conductance of
ground-water inflCM to the river ranged from 380 to 980 IJ.S/an, and the effect
on the specific oorrluctance of the river depended on the quantity of inflow
added. Where the quantity of inflow was large, sud1 as at Casto Wash, the
d1ange in the SPecific conductance of the river was large. ~ere the quantity
of inflow was small, nore dilution would occur, and the SPecific conductance
of the river would change acoordingly. '!he SPecific conductance of the sevier
River and selected inflCMs to the river from grourrl water in Panguitch Valley
are shCMn in figure 14.

Long-term changes in water quality were small at grourrl-water sites where
data were available. Eight wells and four springs were sampled both in 1954
62 and in 1986-89. Little change in chemical c:x:np::l6ition was ooted in the
resampled waters, with only (C-32-5)35abb-Sl (Marshall Slough) showing a
noticeable decrease in dissolved-solids concentration (table 8). This
decrease may be caused by greater-than-average precipitation in the early
1980's on the surrounding plateau recharge areas. Long-term record of
dissolved-solids concentrations at wells (C-32-5 )35bab-l, (C-26-1) 23dbb-2, arrl
(C-29-2)35bab-l shCM no major d1ange with time.

SIMULATION OF GROUND-WATER F'.LQV IN '!HE VAlLEY-PILL
AC.UIFER IN PAN3UI'ICH VAlLEY

A digital-canp.1ter nodel was oonstructed to simulate grourrl-water flow in
the valley-fill aquifer in Panguitch Valley. The roodel was used as a tool to
integrate the inflCM, outflow, arrl flow <XIIp)nents of the grourrl-water system
in Panguitch Valley and to estimate the effects of changes in irrigation
practices and increased grourrl-water wittrlrawals on the valley-fill aquifer.
The nodeled area represents the area containing valley-fill deposits arrl
exterrls fran the confluence of Asay Creek with the Sevier River in the south
to the head of Circleville Canyon in the oorth (fig. 15). '!he oonsolidated
rocks of the Sevier, Paunsaugunt, and Markagunt Plateaus form the eastern and
western hydrologic bourrlaries of the roodeled area.
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Figure 14. Specific conductance of the Sevier River and selected inflows to the river from
ground water in Panguitch Valley.

The modular three-dimensional, finite-difference ground-water-flow model
documented by McDonald and Harbaugh (1988) was used for this sirrulation. The
model uses a series of rectangular blocks, or cells, in which hydraulic
properties are assumed to be uniform. Hydraulic head is calculated by the
nodel at the point, or node, at the center of each cell. With the calculated
head values, the rate and direction of ground-water flCM through the aquifer
can be determined.

A single stress period model was used to approximate the ground-water
conditions in Panguitch Valley during the irrigation season of 1988.
Refinement of the hydraulic parameters used in the sinulation was made with a
transient-state nodel consisting of monthly stress periods.

46



8 MILES
I

Cells active in layer 1, 2, and 3

Boundary of active cells in layer 1
-Corresponds to valley-filii
consolidated-rock contact

I
8 KILOMETERS

4
I

I
4

o

I
o

112'22'30"

ICOLUMN

15

Be~!~",
Creek ,rr+H''Jff+++++++++++++--1--f-

10

112'30'

I

Circleville Canyon

20 25 EXPLANATION

38000' _ _ Cells active in layer 1 only

Cells active in layer 1 and 2 only

37'52'30" -

Figure 15. Grid and extent of the three layers used in the digital-computer model representing
Panguitch Valley.

47



Diversions from the Sevier River and its tributary streams to canals and
irrigated fields from May to October of each year are the primary cause of the
annual rise in water levels in most of Panguitch Valley. After irrigation
begins in the spring, water levels continue to rise until the diversion of
stream water into canals for irrigation ceases in late October or early
tibvenber. Water levels then decline until the diversion of stream water for
irrigation begins again the following spring. This relatively uniform
recurring irrigation has created a pattern of monthly water-level fluctuation
that is repeated year after year.

Long-term declines or rises in irrigation-season water levels caused by
climatic fluctuations are minor when canp:lred with monthly changes caused by
irrigation, indicating that the valley-fill aquifer responds to the stress the
same way every year. Because the roost carplete set of irrigation-season data
was for 1988, these data were used to establish initial conditions in the
valley on the basis of the seasonal relation between water-level fluctuation
and stresses.

The merlel was merlified to simulate water levels and gains and losses fran
the Sevier River and selected canals measured during this per iod. The final
heads simulated and values of aquifer hydraulic characteristics used by the
initial single stress period model were used as initial data for the
transient-state model.

The transient-state model was calibrated by canparing water-level changes
measured fran 1961 through 1963 at 13 wells in the valley to sinulated water
level changes. 'Ibis 3-year period was divided into 36 I-month long stress
per iods. The stress-period interval of 1 month was used instead of the more
conventional interval of 1 year because of a limited amount of data. Only
four wells in the modeled area had long-term yearly water-level rreasurements
available.

Aquifer hydraulic characteristics adjusted during the transient-state
model calibration process were then used to reestablish initial conditions.
'Ibis process was iterative and resulted in both the model representing initial
conditions and the transient-state model using the same values of aquifer
hydraulic characteristics. Both models sinulate, within a reasonable range,
water levels measured during the simulated per iods.

Changes in the ground~ater system were simulated using input data fran
both merlels. A dlange from flood irrigation to sprinkler irrigation in part
of the valley and the addition of two large discharging wells were also
sinulated.

~l Design and Construction

A variably spaced, block-centered model grid composed of 58 rows, 38
columns, and 3 layers was used to represent the valley-fill deposits in
Panguitch Valley (fig. 15). There are a total of 6,612 cells of which 3,492
are active. Cells represent areas that range in size fran 640 acres (1 mi 2)
near the boundaries where data were sparse, to 60.8 acres (0.095 mi 2) near the
center of the modeled area where IOOre water-level data were available.

48



Layer 1 was determined to represent the uQ?er 50 ft of saturated valley
fill deposits. Generally unoonfined, layer 1 represents interbedded gravel,
sam, silt, and clay. Thin silty-clay am clay intervals are oonfining layers
that can result in locally confined oomitions in the upper 50 ft of saturated
naterial. The top of layer 1 was initially determined from depth-to-water
neasuranents. Changes in recharge am discharge rates can cause the saturated
thickness to vary.

Layer 2 extends 100 ft below the bottom of layer 1. Layer 2 was
sinulated as a confined interval, with the possibility of bea:xni.ng unconfined
if water-level declines of greater than 50 ft cause water levels to decline
below the bottan of layer 1.

Layer 3 represents the interval from the bottom of layer 2 to the
oonsolidated-rock valley floor. The thickness of layer 3 ranges from 0 ft at
the mountain fronts, where valley-fill deposits pinch out, to more than 500 ft
in the vicinity of test hole (C-33-5}13bdd-l in the northeast part of the
valley (Feltis and Robinson, 1963). Layer 3 is composed of interbedded
gravel, sam, silt, and clay in the upper pa.rt and the semiconsolidated and
less permeable Sevier River Fbrnation in the lower part. Layer 3 is assuned
to be under oonfined conditions.

The contact between the unconsolidated valley-fill deposits am the
surrounding and underlying consolidated rock is assumed to be a no-flow
boundary for modeling purposes. Transmissivity values of zero were used to
sinulate the contact between active and inactive cells.

The consolidated rock in the modeled area includes the Claron Fomation
in the southern pa.rt, the M::>unt IAltton Fornation am other rocks of volcanic
origin in the northern pa.rt, and the Spry Intrusion of Anderson (1986) at the
northern end of the area. The consolidated rock was assumed to be
substantially less perneable than the valley-fill dep::>sits, and groum-water
flow probably occurs only through localized fractures, altoough data were not
available to verify these assumptions. The probability of recharge fran
oonsolidated rock to the valley-fill deposits on the east side of Panguitch
Valley is less than on the west side because the strata dip about 3 degrees
northeast and east (Gregory, 1949, p. 995: 1951, p. 73).

Consolidated rock is near or at land surface where the Sevier River
crosses the valley-fill dep::>sits of Panguitch Valley along the southern and
northern bourrlaries. 'Ihese areas are oonsidered no-flow bourrlaries because of
the small saturated thickness of the valley-fill deposits and the low
permeability of the underlying consolidated rock.

A gain-loss study on the Sevier River in August 1988 measured only a
slight gain in flow, within the nargin of neasuranent error, in a reach that
included the northern boundary of the modeled area. At the southern end of
the rrodeled area, most of the ground water that could rrove into the valley
fill deposits from outside the area is accounted for as recharge from
perennial and ephemeral streams. Surficial basalt flows underlain by
permeable unoonsolidated material in the ManIooth Creek area were modeled as
valley-fill dep::>sits.
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Head-dependent flux boundaries were used to simulate ground-water
discharge to and ground-water recharge from the sevier River and selected
canals. Head-dependent flux bcundaries were also used to simulate ground
water discharge by evapotranspiration and drains in the modeled area
(fig. 16).

Lata Entry

Data required in the oonstruction of the ground-water-flow nodel include
initial water levels; horizontal and vertical hydraulic conductivity;
transmissivity; storage values; recharge; oonductance values for the interface
between the Sevier River and selected canals and drains, and the underlying
p:>rous material; and evap:>transpiration rates. Initial water levels used in
the model were measured mostly during the summer of 1988. Water levels
~asured by carpenter and others (1967) and reported in drillers' logs were
also used where data were rot available for 1988.

Hydraulic characteristics of the valley-fill aquifer used in the model
are based on specific-capacity data from drillers' logs, values of
transmissivity and storage reported by Carpenter and others (1967), and
reported values for hydrologically similar basin-fill dep:>sits (Bedinger and
others, 1987, p. 39). The conceptual limits for values of hydraulic
properties used in the model are discussed in this rep:>rt in the "Hydraulic
prq:lerties" section for Panguitch Valley. The final range of values used in
the model after calibration to transient-state oonditions is shCMn in figures
17 through 23.

Final values of hydraulic conductivity used in layer 1 vary fran 5 ft/d
where the oonsolidated Claron Fbrmation creps out in the southern part of the
valley to 40 ft/d for sand and gravel deposits near the sevier River (fig.
17). Initial storage values required for the transient-state calibration were
fran values reported by carpenter and others (1967). Final values of specific
yield for layer 1 range fran 0.005 at the northern end of the valley where
fine-grained deposits predaninate to 0.2 in the southern part (fig. 18).

Final values of transmissivity for layer 2 range from 100 ft 2/d for the
thinnest valley-fill deposits near the consolidated-rock bcundary to 5,000
ft 2/d in the center of the valley where the layer represents the entire 100
foot thickness of saturated deposits (fig. 19). Final values for storage
coefficient range fran 5 x 10-5 for areas ma];:ped or extrap:>lated as being the
sevier River Formation to 2 x 10-3 for the northeast part of the valley, which
oontains the thickest valley-fill deposits (fig. 20). In the event that layer
2 becomes unconfined, specific-yield values are used by the model. A
seoondary set of specific-yield values for layer 2 was available if water
levels dro];:ped belCM the tq> of the cell during the sinulation. The final set
of specific-yield values used for layer 2 was the~ as that used for layer
1.

Vertical IlD~nt of water between layers 1 and 2 is controlled by the
difference in water levels, the vertical hydraulic conductivity of the layers,
and the distance the water must travel. A term called vertical leakance
(expressed in ft/d/ft), the vertical hydraulic conductivity divided by the
distance fran the center of a cell in a layer to the center of a cell in an
underlying adjacent layer, is used to sinulate vertical IlDvenent. The model
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multiplies the leakance by the cell area to obtain vertical conductance
(McDonald and Harbaugh, 1988, p. 5-12). Initial values of vertical leakance
between layers 1 and 2 use a vertical hydraulic-conductivity value that is
roughly 0.1 to 1 percent of the horizontal hydraulic oonductivity assigned to
the adjacent cells. Final values vary from 0.001 ft/d/ft in the north, to
0.01 ft/d/ft in the interior, to 0.1 ft/d/ft along the consolidated-rock
boundary (fig. 21). This distrirotion is oonsistent with the characteristic
grain-size distribution of valley-fill deposits.

The thickness of layer 3 is not accurately known throughout panguitch
Valley, rot it is generally assurred that the valley-fill deposits are thickest
along the axis of the valley, where the valley is the deepest, and thinnest
near the margins. As a result of consolidation, deeper semioonsolidated
material in the interior part of the valley is assumed to have a smaller
hydraulic conductivity than the unconsolidated material nearer the nountain
fronts. Thus, as the layer thickness decreases and the hydraulic oonductivity
bee:x:tIeS larger, transmissivity would tend to be relatively constant througoout
the interior part of the valley. Near the edge of the valley where the
deposits are thin, transmissivity is small even though hydraulic conductivity
may be large.

Final values of transmissivity for layer 3 ranged fran 100 fe /d for the
material near the oonsolidated-rock boundary to 2,000 ft 2/d in the inter ior
part of the valley (fig. 22). A final oonstant value of 1 x 10-4 was used as
the storage coefficient for layer 3. '!he vertical leakance between layers 2
and 3 varied fran 0.01 ft/d/ft along the east and west sides of the valley to
0.001 ft/d/ft througoout the rest of the valley (fig. 23). 'Ihese final values
were calculated fran an estimated vertical hydraulic conductivity that was 0.1
to I percent of the horizontal hydraulic conductivity and a vertical distance
of travel between the centers of layers 2 and 3 that raD;}ed fran near 0 ft at
the valley margins to about 300 ft at the thickest part of the valley-f ill
dep:>sits.

Recharge applied in the IOOdel for the establisl'urent of initial oonditions
includes estimates of seepage fran tributaries (perennial and e};i1emeral) of
the sevier River, selected canals and ditches, and unconsumed irrigation
water; and infiltration of precipitation (fig. 24). The basis for these
estimates is discussed in this report in the "Recharge" section for Pangui tch
Valley. These estimates were adjusted only slightly during the establishnent
of initial conditions because they were believed to be sane of the most
reliable data available.

Recharge to cells representing perennial streams other than the Sevier
River was sinulated at a rate of 13,080 acre-ft/yr, an estimated 20 percent of
the average annual flow. Recharge in areas representing e};i1emeral streams was
simulated at a rate of about 14,230 acre-ft/yr. This is about 80 percent of
the estimated annual flow calculated fran a regression equation developed for
an area in the Colorado River Basin adjacent to the upper sevier River basin
(Christensen and others, 1986, p. 10). Sinulated losses fran selected canals
and ditches to layer 1 were estimated to be about 12,600- acre-ft/yr, 10
percent of the average annual diversion fran the Sevier River or a tr ibutary
to a canal or ditch. The quantity of seepage to the valley-fill aquifer
determined for each stream or canal was applied to cells representing each
stream or canal.
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Figure 21. Distribution of vertical leakance used between layers 1 and 2 of the digital-computer model.
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Figure 22. Distribution of transmissivity used in layer 3 of the digital-computer model.
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Simulated recharge fran unconsumed irrigation water was estimated to be
the average annual diversion from a surface-water source to an irrigated field
after transmission losses, tail-water ruooff, and the oonslIDlptive use of water
by crops have been subtracted. A recharge rate of 15,730 acre-ft/yr was
applied to cells simulating irrigated areas in the valley. Sinulated redlarge
from precipitation was estimated to be 5 percent of the 1931 to 1960 average
annual precipitation or about 0.5 to 0.6 in/yr (0.042 to 0.05 ft/yr).
Recharge from precipitation was awlied to all active cells in layer 1 at a
total rate of 4,910 acre-ft/yr.

Ground-water discharge to am ground-water recharge from the sevier River
and selected canals was sinulated by use of head-dependent flux boundar ies
(fig. 16). DependiD:] on the head gradient, cells representing head-dependent
flux bouooaries simulate the loss of water from the river or canal to the
aquifer, or the gain of water into the river or canal fran the aquifer. Parts
of the Long-East Bendl am McEwen Canals were simulated using these cells.
The head in the river or canal, elevation of the bottom of the riverbed, and
hydraulic conductance of the river-aquifer interface are required data
(MdJonald and Harbaugh, 1988, p. 6-14).

Disdlarge to or from the river is determined by multiplyiD:] the hydraulic
conductance by the difference between the head in the river and the elevation
of the riverbed. A water depth of 3 ft was used for the Sevier River in order
to establish initial conditions. '!he sinulated depth of water in the canals
ranged from 1 to 2 ft. These values represent generalized water depths
obtained from field observations. The elevation of the bottan of the riverbed
was determined from topographic maps of the area. Initial riverbed
oomuctance values were calculated for each cell using the equation:

Riverbed oomuctance =~ (1 )

where K is the hydraulic conductivity of the riverbed material, L is the
leD:]th of the river within a cell, W is the width of the river, and M is the
thickness of the riverbed (~[X)na1d and Harbaugh, 1988, p. 6-5). The initial
hydraulic oomuctivity of the riverbed was estimated to be about 1 ft/day, on
the basis of general knowledge of aquifer properties in similar areas. The
width of the Sevier River obtained from field observations am awroximations
was set at 30 ft. The thickness of the riverbed was unknown and an
approximation of 10 ft was used.

Initial comuctance values were adjusted during establistJnent of initial
oomitions am the transient-state calibration to better matd1 roodel-computed
values of stream seepage to field measurements. Final oonductance values for
the interface between the sevier River am the valley-fill aquifer ranged fran
0.1 to 1.0 ft 3 /s. Large conductance values were used for the head-dependent
flux cells representing unlined p:>ms Cbwnstream from the split in the Long
Fast Bench Canal. '!hese p:>ms were assuned to lose a large quantity of water
to the valley-fill aquifer.
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Figure 24. Location of cells in layer 1 of the digital-computer model that receive recharge from seepage from perennial and
ephemeral streams, canals, and unconsumed irrigation water; and infiltration of precipitation.



GroWld-water discharge by eva};X)transpiration is simulated in the model
using head-dependent flux boundaries (fig. 16). Simulation of
evapotranspiration requires the following data: (1) a maximum
evapotranspiration rate, (2) a depth at whim no evapotranspiration occurs,
and (3) the elevation of land surface where evapotranspiration is occurring
(McDonald am Harbaugh, 1988, p. 10-8). A maxinum evapotranspiration rate of
2 ft/yr was used (see "Disdlarge" section for Panguitch Valley in this report)
when the water level in a cell was at or above land surface. No
evapotranspiration took place when the water level in a cell was at or below a
specified depth of 5 ft. The evapotranspiration rate between these limits
varied linearly with the water level in the cell. Varying the specified depth
at whim no evaporation took place to 10 and 20 ft below land surface resulted
in a slight increase in the quantity of evapotranspiration.

Marshall Slough, (C-32-5) 35abb-Sl, in the northern part of Panguitch
Valley, was sinulated using head-dependent drains in noiellayer 1 (fig. 16).
The elevation of the drain am a conductance value for the interface between
the cell am the drain are required (MdJonald and Harbaugh, 1988, p. 9-7). An
initial comuctance value of 1 ft 2/s was used for the three cells sinulated as
drains. Drain conductances and elevations were varied during the
establistInent of initial conditions in order to approximate neasured disdlarge
rates. A final comuctance value of 5 fe /s was used. The elevation of the
southernnost part of Marshall Sloogh is listed in table 5. 'llie sloogh extends
alnost 1 mile downstream fran this point to an elevation of about 6,345 ft
above sea level. Initial elevations for the drain area were determined fran
topographic map; with oontour intervals of 20 and 40 ft. Drain elevations
were adjusted within the accuracy range of elevations interpolated from
topographic map contours am range fran 6,350 to 6,352 ft above sea level.

Establishnent of Initial Cbmitions

The establishnent of initial conditions consisted of oamparing simulated
water levels am simulated gains am losses fran the Sevier River and selected
canals with actual measured values fran 1988 as discussed below. To obtain
the best overall agreenent with neasured values, adjustments of selected noiel
values were made within an acceptable range (see "Hydraulic properties"
section for Panguitch Valley in this report).

Fields are irrigated duriD:1 the growiD:1 season with water diverted from
the sevier River and its tributary streams. Ground~ater withdrawal fran
wells was oot sinulated because groum water was not used in the valley for
irrigation, and withdrawal for other uses was minor. Water levels in wells
respond to the diversion of streams and application of irrigation water in a
seasonal pattern. Data collected during the irrigation season of 1988 were
used to establish initial conditions in Panguitch Valley because of the
seasonal relation between water-level dlanges and stresses.

The establishnent of initial conditions required adjusting the model to
match water levels neasured at 38 wells in Panguitch Valley. One water level
neasured at each well during the summer or fall of 1988 was used in this
process. These measurements usually represented the peak water levels
neasured during the year if the well was in an irrigated area. Twenty-one
water levels were available to represent hydraulic heads for layer 1, 14 for
layer 2, and 3 for layer 3 (fig. 25). The three water levels representing
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Figure 25. Location of wells measured during the irrigation season of 1988.
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layer 3 are fran the southern part of the rrodeled area. Land-surface datum
was established fran 7!-minute tq;lOgra};ilic maps with contour intervals from 20
to 40 ft. Simulated water levels ranged from 22 ft above to 21 ft below
measured water levels. Sinulated water levels greater than or less than the
measured water levels in layers 1 and 2 were distributed randomly.

Differences between measured and sinulated water levels are referred to
as residuals. The mean of the residuals for water levels representing layer 1
was 0.19 ft; for layer 2, 0.07 ft; am for layer 3, -9.0 ft. A large negative
mean of the residuals indicates that, overall, the roodel canp..1ted higher water
levels than were measured. A small mean of the residuals (positive or
negative) indicates nearly an equal number of positive am negative residuals.
The mean of the absolute values of the residuals was 8.8 ft for layer 1, 7.9
ft for layer 2, and 9.2 ft for layer 3.

Aquifer storage was not considered in establishing initial conditions.
In sane areas where water levels peak later than tmse in other areas because
of aquifer storage, the use of irrigation-season recharge rates results in
water levels that 00 not match as well as in other areas.

Gains and losses measured on the sevier River. in August 1988 and on t~

canals in late July and early August 1988 were also used to establish initial
conditions (table 2 and fig. 16). Interactions between groum water am
surface water vary with irrigation practices dur ing a year, but the initial
oomitions derived fran the nodel correspom only to flow that occurred during
the irrigation season.

Streambed comuctances were adjusted locally during the establistment of
initial comitions to approximate the magnitude and location of gains and
losses in measured flow. Because tail-water runoff and shallow groum water
below irrigated fields flows back to the river, seepage values measured during
the gain-loss studies are larger than actual values of ground-water seepage to
the river. Tail-water runoff was estimated to be about 20 percent of the
applied irrigation water (see "Seepage from unconsumed irrigation water"
section of this report). Some water applied to irrigated fields near the
sevier River infiltrates below land surface and drains to the river. The
scale of recirculation for this shallow ground water is small artd was not
sinulated because of the relatively large nodel-grid size. For these reasons,
values of model-computed flows were purposely simulated to be less than
measured values. The total roodel"""CCJllplted change in flCM in the sevier River
fran reach 2 to reach 12 (+54 ftl/s, table 2) is about the same as the gain
computed from gaging-station records along this stretch of the river (see
"seepage to the sevier River am canals" section of this report).

Discharge from Marshall Slough (pI. 1) was about 3 fe/s in August 1955
(Carpenter and others, 1964, p. 8). The simulated drain flow of about 1.7
ft 3/S is probably a reasonable approximation of initial-condition discharge
because August usually represents the maxinum seasonal discharge fran Marshall
Slough according to records fran the Sevier River Crnmissioner. The ground
water oodget for initial conditions cx:nputed by the nodel is smwn in table 3.
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Table 2.-~asured and mXle1-canputed gams and losses in the sevier River,
M~ canal, and Long-East Bench Canal in Panguitch Valley

[ft 3Is, cubic feet per second]

Mode1-cCIt1p.1ted
gains (+) am losses (-),

AU9USt 1962,
transient-state oomitions

(fe/s)

Reach
(see
fig.
16)

Measured gains (+) Model-canp.lted
am losses (- ), gains (+) am losses (- ) ,

July-August 1988 1988 irrigation,
(fe Is) initial oomitions

(ft 3/s)

sevier River

2-3 +14 +6 +7
4 +43 +19 +20
5-7 +49 +23 +23
8 0 -1 0
9 +14 +3 +3

10-12 -3 +4 +6

Total +117 +54 +59
13 oot neasured +17 +16

McEwen canal

14 +3.5 +0.09 +0.06
15 0 +0.05 +0.02
16 -4.6 -0.02 -0.02
17-18 +2.0 -0.03 -0.03

Total +0.9 +0.09 +0.03

Long-East Bench canal

19-20 +2.7 -0.08 -0.08
21 -4.0 -1.22 -1.22
22 +2.0 -0.02 -0.02
23 0 -0.01 -0.01

Total +0.7 -1.33 -1.33
24 oot neasured -1.63 -1.63
25 oot neasured -3.64 -3.64
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Table 3. --Model-canputed ground-water budgets for ini tial ani1 transient-state
coni1itions ani1 ground-r,.,eter budget for estimated initial conditions

for Parqui tch Valley

[in acre-feet per year; --, not awlicable]

Initial
coooitions

Model Canp.1ted

Transient-state
coooitions

Estimated
initial

conditions

Budget elanent 1961 1962 1963

WATER ENrERlll; 'IHE VArLEY-PILL AQUIFER

Infiltration fram: 61,130 47,170 55,880 53,180 66,740-75,740
precipitation,
unconsumed irrigation,
perennial streams,
epheneral streams,
and canals

Seepage fran Sevier 7,960 5,180 5,170 5,210 5,000
River, McEwen and
Long-East Bench
Canals

Added to storage 31,720 29,740 29,980

Total in 69,090 84,070 90,790 88,370 71,740-80,740

WATER LEA~ 'IHE VAlLEY-FILL AQUIFER

Evapotranspiration 13,730 11,060 11,360 11,210 11,060
Drains (Marshall Slough) 1,220 1,000 1,150 1,120 2,200
Seepage to sevier River, 54,140 51,980 53,820 52,920 55,570

McElven aoo Long-E::lst
Bench Canals

Purn[:ed fram wells 0 0 0 0 100
Removed fran storage 20,310 24,820 23,530

Total out 69,090 84,350 91,150 88,780 68,930
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Transient-State calibration

A lack of significant change in land use, irrigation practices, or well
discharge in Panguitch Valley made it possible to assume that hydrologic
ex>ooitions in 1988 were representative of ex>mitions in the early 1960's. The
model was calibrated by simulating monthly water-level changes from 1961
through 1963 and comparing these changes with measured values. November 1,
1960, through CX:tober 31, 1963, was divided into 36 I-month stress periods
because m:mthly water-level measurenents were available for 13 wells during
m::>st of this period. M::>nthly water-level neasurements began in January 1961
at 4 of the 13 wells. Measurements began at different tines at the other
wells (fig. 26). Recharge rates to layer 1 were estimated for each month on
the basis of gaging-station and canal-diversion records, consumptive-use
rates, am precipitation records. Ground-water withdrawal from wells was not
simulated because ground water is a minor component of discharge fran the
valley-fill aquifer and was not used in the valley for irrigation.
Adjustments were made to storage and vertical leakance values, within an
acceptable range (see "Data entry" section of this report), in order to better
match sinulated changes with measured changes in water levels.

Twenty percent of the roonthly flow in perennial streams, excluding the
sevier River am panguitd1 Creek, was estimated to recharge the cells that the
streams traversed (see "seepage fran streaIl5" section of this report). This
value is at the smaller end of the estimated range of values determined fran
average annual streamflow. '!he transient-state nodel required recharge rates
computed from monthly flow in perennial streams fran November 1960 through
CX:tober 1963. Streamflow data were rot available for any of the streams in
the area during this period except the Sevier River.

Records were available for the gaging station on Mammoth Creek (10173450)
fran 1965 through 1988 am for the gaging station on the Sevier River at Hatd1
(10174500) (pI. 1) disoontinuously frcrn 1911 through 1988. M:>nthly flows for
Mammoth Creek frcrn November 1960 through October 1963 were estimated fran
nonthly nean flows catplted for the sevier River during this period. Monthly
flows for MaIImoth Creek were estimated for each of the 12 m::>nths by first
developing a ratio between the roonthly flow in MaImoth Creek and the m::>nthly
flow in the Sevier River, for whid1 simultaneous reoord was available (1965
through 1988). The ratios obtained were then multiplied by the m::>nthly
discharges on the Sevier River for the simulation period to determine
estimates of IOO11thly flows for MaImoth Creek for the same period. The IOO11thly
flows were then multiplied by 20 percent to obtain recharge values to use in
the rrodel.

Monthly flows for ungaged perennial streams in the area were estimated
using rep:>rted or estimated annual streamflow and relating these values to
streamflow recorded at the gaging station on the Sevier River at Hatd1. The
nonthly nean flows of the sevier River were calculated as a percentage of the
annual flow frcrn tbvember 1960 to October 1963. '!he annual streamflow of the
ungaged perennial streams was then multiplied by these percentages to estimate
m::>nthly flow. Twenty percent of the monthly flow was applied as recharge in
the rrodel.

69



Well (C-32-5)26aca-1 Row 6, column 25, layer 1

-5

-5 L-.L-.J'--''--'---'----'-----'-~----'-----'----'----L---'-_"'__"'___'___'__'__'__'__A__A__'_....l__'__'___'___'____'___............................L......J

+2.5 ,.--.,.-.,.-.,.-..........-r-""T'"""-.--..----.---r-,.---"T---r---.---.,---,---,.--.---.--.,.--.-..........-r-,--.--.--..----.--,.----.----r---,---,r--,

I-
W
W -2.5LL
Z +10

W
Well (C-33-5)28bcd-1 Row 12, column 14, layer 2

C'
Z +5

<
J:
()

.J 0
W
>
W
.J

-5I

a: +5W

~ Well (C-34-5) 8adb-2

s:
0

-1 0 '--"'--"----'---'---'--'---'--'---'----'----'----'----'---'---L--l.---'--'_'--"---"'---'---'---'-----'---'--'--'----'----'---'---L--l.---J

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON
1001 1002 1003

+5.0 rr----,-,----,-..........---.--.----.--.,.--,.--.,.---r-,...---.--,----.----,,---.----,---,----,---,----,-""T'"""--,

Well (C-33-5) 1Ocdd-1

Row 10. column 20, layer 2

+2.5

o

-2.5 N D J F M A M J J A SON D J F M A M J J A SON
1961 1962 1963

Figure 26. Measured and simulated water-level changes for 13 selected observation wells in
Panguitch Valley.
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Figure 26. Measured and simulated water-level changes for 13 selected observation wells in
Panguitch Valley-Continued.
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Figure 26. Measured and simulated water-level changes for 13 selected observation wells in
Panguitch Valley-Continued.
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Recharge from ephemeral streams was estimated to be 80 percent of the
calculated annual streamflow using a regression equation developed for an area
in the Colorado River Basin adjacent to the upper Sevier RiVer basin (see
"Seepage from streams" section of this report). On the basis of IOOnthly
temperature changes, this recharge was simulated by applying percentages
representative of streamflow in March, April, and May to active cells that the
stream traversed.

Losses fran selected canals and ditches simulated in Panguitch Valley
were estimated to be 10 percent of the monthly quantity diverted fran the
Sevier River and its tributaries, as recorded by the Sevier River
COrrunissioner. Forty percent of the roonthly mean flow measured in Panguitch
Creek and then diverted to the South aoo West Panguitch Ditches is estimated
to recharge the valley-fill a;;{Uifer. '!his IOOJlthly mean flCM was estimated for
1961 aoo was measured at gaging station 10176300 for 1962-63. Simulated
recharge was applied to active cells that the canal or ditch traversed.
Panguitch Creek was treated as an extension of the West Panguitch Ditch
because of a control at Panguitch Lake.

Recharge to the valley-fill aquifer fran unoonsumed irrigation water was
estimated using numerous factors. '!he follCMing CXXIpOnents were subtracted
fran the total quantity of water diverted by canals and ditches fran surface
water sources each month to determine the rate of recharge fran unoonsumed
irrigation water: (1) the quantity of water lost fran canals or ditches to
the valley-fill aquifer from that month I s diversion total (estimated at 10
percent), (2) the quantity of tail-water runoff returned to the sevier River,
and (3) the quantity of water consumed by the irrigated creps. Tail-water
ruooff was estimated fran field observations to be 20 percent of the renaining
water diverted for irrigation after canal losses. This estimate also includes
any free-water evaporation that occurred before and after the water was
applied. The monthly consumptive-use rates were estimated by the U.S.
Department of Agriculture (1969b, Appendix IV, tables 37-40) and are an
average of values listed for alfalfa and pasture in panguitch Valley. '!hey
are: OCtober, 0.67 in.; November, 0.27 in.; December and January, 0 in.;
February, 0.22 in.; March, 0.34 in.; April, 0.65 in.; May, 2.12 in.; June,
4.46 in.; July, 5.71 in.; August, 4.85 in.; and septanher, 2.06 in. The total
annual consumptive use for irrigated laoo in Panguitch Valley was 21.35 in.
(1.78 ft).

Recharge fran precipitation (see "Infiltration of precipitation" section
of this report) was sinulated for March 1961 aoo 1962 and for April 1963 at an
estimated rate of 10 percent of the total precipitation for the preceding
N::lvenber through March (or April in the case of 1963). Most of the yearly
precipitation falls as soow during the winter mnths (see "Climate" section of
this report). This snow can renain throughout the winter if temperatures are
near or belCM freezing. '!he mnth for which recharge fran winter accumulated
precipitation was applied in the IOOdel was determined on the basis of when the
average IOOnthly temperature for that year first exceeded freezing. Recharge
from precipitation for 1961 includes an addi tional 5 percent of the
precipitation that fell in April 1961 because of the near-freezing
temperatures in March and April and the resulting low evapotranspiration
rates. Rainfall from sumner thunderstorms rrust fill evapotranspiration aoo
soil~isture requirements before it can recharge the valley-fill aquifer.
These requirements were estimated to be met if more than 1.5 in. of
precipitation fell during a mnth because of the short duration of the storms.

73



This recharge was applied at an estimated rate of 2 to 3 percent of each
nonth's total precipitation.

The simulated stage in the sevier River am selected canals was varied to
represent high- and low-flow periods on the basis of field observatioRs. The
simulated water depth used for the Sevier River ranged fran 1 ft during low
flow periods to 3 ft during high-flow periods. '!he sinulated water depth used
for selected canals was 1 ft during low-flow periods, 1 to 2 ft during high
flow periods, and 0 ft during the oonirrigation season.

Evapotranspiration rates were also differentiated into monthly rates for
a I-year period, am these monthly rates were used in all three simulated
years. Average monthly evapotranspiration rates are reported in the
"Evap:>transpiration" section of this report.

Recharge and discharge values were changed only slightly during the
transient-state calibration because they were considered to be some of the
roost reliable data entered in the model. A swmnary of the canp:>nents of
red1arge am discharge used in the transient-state simulation, when they were
applied, am at what rate they were applied, is shown in table 4.

Most of the 13 comparisons (fig. 26) show some agreement between
simulated and measured water levels. The roodel-computed water levels
determined fran the establislTnent of initial conditions were specified as the
initial water levels representing November 1960 in the transient-state
calibration. The final water levels cxxrputed for the end of November 1960,
and probably for several subsequent months also, were not as close to the
actual water levels as they would be if the initial water levels had been
calibrated to conditions in November 1960. The difference between nodel
<XI'lputed water levels for the end of December 1960 and water levels in the
four wells measured in early January 1961 are: -10 ft in well (C-32-5)26aca-l
in row 6, colwm 25, layer 1; 8 ft in well (C-33-5)9ad1:r1 in row 9, colwm 17,
layer 1; -17 ft in well (C-33-S)28bcd-l in row 12, column. 14, layer 2; am -10
ft in well (C-34-S)8adb-2 in row 16, column. 11, layer 2. Other reasons for
divergence between neasured am simulated values are discussed in the section
of this rep:>rt titled "Limitations of the node!."

The difference between nodel-cxxrputed water levels for the end of October
1961 am water levels neasured during cetober 1961 in 28 wells canpleted in
layers 1 and 2 ranges fran -27 to 16 ft. The IOOdel-carp.1ted p:>tentionetric
surface of layer 1 in stress period 12, October 1961, and the difference
between model-carp.1ted and neasured water levels in October 1961 are shown in
figure 27.

Sensitivity Analysis

A sensitivity analysis of a JOOdel is used to determine the response of a
nodel to changes in hydraulic prc.perties. A detailed sensitivity analysis was
oot done separately from the calibration process. Sensitivity analysis of
hydraulic parameters for which ranges of estimates were large Were done as
part of the sinulation process. Vertical leakance values between layers 1 am
2 were increased by an order of magnitude, whim resulted in a substantial
decline in model-computed water levels in layers 1 and 2. An order-of
magnitude increase in vertical-leakance values between layers 2 and 3 resulted
in a slight decline in JOOdel-carp.tted water levels in all three layers.
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Table 4.--Times and rates of recharge and discharge applied in the transient-state simulation

Ephemeral
streams

80 percent of annual streamflow
computed from equations
developed for the Colorado
River Basin and applied at
varying rates based on
monthly temperature changes

Canals and
ditches

10 percent of monthly mean diversions from the Sevier River and tributaries (40 percent of monthly mean diversion from Panguitch Creek)

Diversion mainly for stock use I

Evapotranspiration is determined from monthly maximum evapotranspiration rates and a depth of 5 feet below which no evapotranspiration occurs
0.5 0.2 0.1 0.2 0.5 1.2 2.1 3.5 5.2 4.5 3.3 1.7

The quantity of water diverted for irrigation remaining after transmission losses (10 percent of monthly diversion), tail-water runoff
and free-water evaporation (20 percent of monthly diversion), and consumptive use by crops (varies monthly) are subtracted

Low stage

2.06

Low stage

4.85

2-3 percent of the monthly
precipitation, if the monthly
precipitation was more than
1.5 inches

5.71

High stage

High stage

0.650.34

10 percent of the
November-March
or April precipitation
total (depending on
when the average
monthly temperature
first exceeds freezing)

Gains or losses in flow throughout the year depending on stage and head gradient in surrounding celis

Low stage

Evapotranspiration
rate, in inches

Precipitation

Unconsumed
irrigation

Consumptive-use
rate, in inches

til

Marshall Slough Modeled with head-dependent drains using a conductance value of 5 feet squared per second. Rate depends on water level in drain



EXPLANATION
Boundary of active cells in layer 1

-6..175- Potentiometric contour-Shows altitude
of model-computed October 1961
potentiometric surface (stress period 12
of transient-state simulation). Contour
interval 25 feet. National Geodetic
Vertical Datum of 1929

.+4 Well-Value near the symbol is the
difference between the model-computed
water level in stress period 12 and the
October 1961 measured water level,
in feet
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Figure 27. Model-computed potentiometric surface of layer 1 in October 1961 (stress period 12 of
transient-state simulation) and the difference between model-computed and measured water levels in
October 1961 at selected wells.

76



The model was also sensitive to changes in hydraulic-oomuctivity am
transmissivity values. When transmissivity values in layer 2 were increased
by an order of magnitude, water levels in many cells declined below the bottan
of the layer, causing the cells to becane dry. A decrease in transmissivity
by the same quantity resulted in a substantial rise in water levels. For
layers 2 am 3, variations in storage coefficients by an order of magnitude in
either direction resulted in minimal changes in water levels. Storage
coefficient values for layers 2 and 3 were increased by 2 orders of magni tude
wi th values ranging fran 5 x 10-3 to 2 X 10-1

• This increase resulted in a
decline in head of up to 9 ft in reM 22, column 7, layers 1 through 3, at the
end of stress period 12 of the transient-state roodel.

Because recharge is areally distributed, a change in anyone component
will affect certain areas of the roodel differently. Recharge fran e];i1emeral
streams was decreased fran 80 to 40 percent of the average annual streamflow
in order to determine its effect on the simulated system. This decrease
resulted in a slight overall decline in nodel-axtputed water levels except in
the southern part of the modeled area, where most of the red1arge is fran
~ral streams. A substantial decline in water levels was sinulated in the
southern part of the valley.

S~ated Effects of Changing fran Flood Irrigation
to Sprinkler Irrigation

A change fran flood to sprinkler irrigation was simulated to learn more
about row dlanges fran flood to sprinkler irrigation might affect groum-water
and surface-water relations. An area north of panguitch that is flood
irrigated was chosen as a test area for sinulation of the effects of changes
in irrigation methods (fig. 28). The test area is supplied with irrigation
water by the Barton-Tebbs-LeFevre Ditch fran the sevier River. The average
annual quantity of water diverted by the ditch fran the sevier River was 3,840
acre-ft/yr for 1969-85. The ditch is 5.2 mi long. Data used in the
establistment of initial conditions were altered to sinulate no recharge from
unconsumed irrigation water and less fleM in the canal transporting surface
water to the area.

According to land-use data that was field checked in 1981 (Jaynes am
others, 1981), the Barton-Tebbs-LeFevre Ditch supplies irrigation water to
about 900 cultivated acres. An estimated 3.8 ft per acre are delivered after
losses in transport are subtracted. Assuming that 900 acres would require
1,600 acre-ft/yr of water to satisfy a consurrptive-use rate of 21. 35 in/yr
(1.78 ft/yr) for alfalfa am pasture, 1,780 acre-ft/yr of streamflow would
have to be diverted to the canal to be applied on the sprinkler-irrigated
fields. Ten percent of this quantity was sinulated as leakage fran the canal
to the aquifer. The storage values used are those determined from the
transient-state calibration. The initial water levels used in the simulation
were the final water levels computed by the model in the establishment of
initial oomitions.
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Figure 28. Model-computed water-level changes in layer 1 caused by the simulated conversion from
flood to sprinkler irrigation.

78



The simulation included 11 stress periods representing a total of 25
years. Stress periods 1 through 5 included the first 5 years and represented
the period of flood irrigation on the test area. Stress period 1 was divided
into 4 t~e steps of equal length and lasted 1 year. Stress period 2
was divided·into 2 time steps of equal length and lasted 1 year. Stress
periods 3 through 5 included a total of 3 time steps, each representing 1
year.

Stress periods 6 through 11 included the next 20 years and represented
the period of sprinkler irrigation on the test area. Stress period 6 was
divided into 20 time steps, each of which was 1.2 times longer than the
previous tine step. '!he length of the first tine step in stress period 6 was
1.96 days, and the total length of the time steps equaled 1 year. Stress
period 7 simulated 1 year and was divided into 10 equal-length time steps.
Years 3 through 5 after the conversion to sprinklers were simulated as stress
periods 8 through 10. Stress period 8 included 6 time steps, stress period 9
included 4 time steps, and stress period 10 included 2 time steps of equal
length. Stress period 11 was divided into 15 equal-length time steps
representing a total of 15 years. The large number of time steps used in the
early parts of the simulation was necessary to justify early response of the
system to changes in stress. Truncation error in the calculation of the
partial-differential equation describing transient ground-water flow used by
the finite-difference nodel can occur if the time-step size at the beginning
of the stress change is too large.

A major assumption made in this simulation is that the average annual
recharge and discharge rates used to establish initial conditions in the
valley-fill aquifer are apprcpriate to simulate the application of seasonal
recharge and discharge components. In actuality, rrost of the stresses last
only a part of the year, and storage is a large part of the volurretric budget.
The changes in the ground-water system simulated by this nodel are probably
larger than would actually oc:olr.

The influence of the simulated change in irrigation on cells irrigated by
the Barton-Tebbs-LeFevre Ditch on surrounding parts of the IOOdeled area at the
end of 20 years of sprinkler irrigation is shown in figure 28. Simulated
water-level declines on the east side of the area are affected by recharge
from the Sevier River, which compensates for the decreased recharge from
unconsuned. irrigation water. Major sources of recharge are not available on
the west side of the area. Smaller values of specific yield on the west side
of the area as compared with the east side (fig. 17) result in less water

. available from storage and a greater water-level decline farther fram the
sprinkler-irrigated area on the west side. '!he oo-flow boundary representing
the contact between the valley fill and consolidated rock on the west side of
the valley slightly affects the extent of changes in water level.

The results of the simulation indicate that the change from flood to
sprinkler irrigation probably would result in a maximum lowering of water
levels by the end of the first year of the conversion (stress period 6, tine
step 20) of about 0.9 ft. Decreases in water levels were s~ulated in all
three layers, but less of a decrease was simulated in layers 2 and 3. Water
levels probably would decrease gradually until the system approached a new
state of equilibrium about 5 years after the conversion to sprinklers (stress
period 10, time step 2)(fig. 29).
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Figure 29. Simulated water-level changes in layer 1 for two cells in the Panguitch Valley model that
represent areas converted from flood to sprinkler irrigation.

The results of this simulation indicate that total gains to the Sevier
River fran the valley-fill aquifer OOwngradient fran the test area probably
~uld decrease by aboot 660 acre-feet fran year 5 (stress period 5, time step
1) the last year of flood irrigation, to year 6 (stress period 6, time step
20), the first year of the conversion to sprinkler irrigation. '!he systan, in
relation to the river, likely ~uld approach a new equilibrium 5 years after
the conversion fran flood to sprinkler irrigation (stress period 10, time step
2), with a loss of 940 acre-ft/yr of ground water that ~uld 00 longer be
discharged to the river downgradient fran the test area.

Simulated Effects of Increased Groom-Water Develcprent

Increased ground-water developnent was simJlated using two hypothetical
discharging wells in Panguitch Valley to learn more about the effects of
increased ground-water development. on relations between ground water and
surface water. One well is near the town of Panguitch, am the other is in
the northeastern part of the valley where the valley-fill deposits are
believed to be the thickest (fig. 30). Well I represents ground-water
withdrawal near Panguitch and sinulates p..mping fran layer 2 of the nodel at a
rate of 1,450 acre-ft/yr (2 ft 3/s). Well 2 represents ground-water withdrawal
in the northeastern part of the valley, and sinulates p..mping fran layer 3 of
the roodel at a rate of 2,170 acre-ft/yr (3 ft 3 /s). '!he p..mping rates of the
two wells represent the addi tion of large-diameter public-suR;>ly, industrial,
or irrigation wells to the valley.
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Figure 30. Model-computed water-level changes in layer 1 caused by the simulated increase in
ground-water development.
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The simulation included 11 stress periods representing a total of 25
years. Stress periods 1 through 5 represented the unstressed ground-water
flow system, and stress periods 6 through 11 represented the addition of
p..mpage fran the t~ hypothetical wells to the system. 'Ihe stress per iods are
divided into time steps as described in the "Simulated effects of changing
from flood irrigation to sprinkler irrigation" section of this report.
Initial water levels used in the simulation were the final water levels
computed by the rrodel in the establishment of initial oonditions. Storage
values were determined fran the transient-state calibration.

Ground-water withdrawals fran wells in panguitch Valley are estinated to
be about 100 acre-ft/yr for domestic, stock, and public-supply use.
Wi thdrawal of ground water fran wells was not simulated because it is a minor
stress when e:x:ttpared with seepage to the Sevier River, canals, and drains, and
losses by evapotranspiration. These discharge stresses are applied to layer 1
and their effects propagate down to layers 2 and 3; therefore, these layers
were essentially uncalibrated to large changes in stresses. The accuracy of
this simulation cannot be tested witoout additional data, such as an aquifer
test using a large discharging well or water-level changes in response to
ground-water withdrawals fran wells.

According to the results of the simulation, the influence of the
sinulated pmping extended as nuch as 1. 8 mi fran well 1 and as nuch as 3.2 mi
from we11 2, a t the end of 20 years of pmping (fig . 30 ) • 'Ihe shape of the
rone of depression around well 1 was in part a result of the smaller values of
storage coefficient and transmissivity used in this area of the roodel. The
close proximity of weIll to the no-fleM boundary sinulating the edge of the
valley-fill deposits also affected the cone of depression. 'Ihe nore gradual
drawdown gradient and larger area of influence (fig. 30) simulated by well 2
is the result of the relatively large storage ooefficient values used in the
nodel for that area.

Results of the simulation indicate that at the end of stress period 6,
tiIrE step 20, the first year of pmping for the two hypothetical wells, water
levels in layer 2 probably would decline about 26 ft at the cell rontaining
well 1, and water levels in layer 3 probably would decline about 20 feet in
the cell containing well 2. The water level in layer 2 at well 1 probably
~uld decrease gradually for aoother 6 years, when a new state of equilibrium
would be reached (fig. 31). water levels in layer 3 at well 2 probably would
rontinue to decline fran stress ~riod 7, tiIrE step 10 (year 2 of ground-water
withdrawals from the well) to stress period 11, time step 13 (year 18 of
ground-water withdrawals fran the well), when a new state of equilibrium would
be reached.

Simulated ground-water withdrawals fran the wells probably would result
in a decrease in flow of 510 acre-ft between the valley-fill aquifer and the
sevier River during the first year of pmping. Discharge fran the Valley-fill
aquifer to the river probably ~uld rontinue to decrease until the change in
seepage became very small, 12 years after p.utping began. seepage to the river
computed at the end of stress ~riod 11, time step 7, the end of the twelfth
year of p.utping, was 1,930 acre-ft/yr less than seepage that was simulated
before the wells were added.
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Figure 31. Simulated water-level changes in two cells in the Panguitch Valley model that represent
withdrawals from wells.

Limitations of the Mx1e1

The ground~ater-flownodel developed for this study is a sinplification
of a canplex flow systan and is one of many nodels of the systan that oou1d be
oonstructed. '!he accuracy of sinulation results is limited by the accuracy of
the data that describe boundary oonditions, hydraulic properties, and areal
recharge and evapotranspiration rates. Most of the data entered into the
nodel represent average oonditions or estirrates if few data were available.
'Iherefore, the simulation results need to be awlied with discretion.

Because of the size of the m:>deled area, earn cell was much larger than
the width of the canal, river, drain, or well that it oontained. water levels
for each cell represent a <XIlputed average for the entire cell rather than
for a precise location. Discretization in the vertical direction was very
general because of the many stratigraphic changes and the apparent lack of
lateral continuity in the layers. The no-flow boundaries surrounding the
valley-fill aquifer may have caused larger simulated water-level declines than
would have occurred if water was available fran the boundaries. Where IOOdel
cells were large and the hydraulic gradient steep, model-calculated water
levels could be quite different fran measured water levels.
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Hydraulic conditions in the valley-fill aquifer fluctuate throughout the
year in Panguitch Valley in resp:>nse to surface-water irrigation. Irrigation
has been practiced in the valley for at least as long as water-level data have
been collected. This made determining when the groum-water system was at a
steady-state condition (the quantity of water entering the aquifer equals the
quantity leaving the aquifer) difficult.

The method used to simulate a period assumed to be representative of
conditions resulting from surface-water irrigation in the valley required a
nodel calibrated to a transient-state period. The model used to represent
initial conditions is rot calibrated to a steady-state condition, but rather
sinulates oomitions during the irrigation season of 1988. '!he assumption is
that conditions during the irrigation season of 1988 are similar to those of
any other irrigation season. In actuality, the natural system varies with
climatic conditions and the resulting quantity of precipitation, streamflow,
and diversion of streamflow to be applied on irrigated fields.

Equal-length stress periods, consisting of one time step each, were used
in the transient-state calibrated node!. '!he relatively large time-step size
at the beginning of the simulation can cause a poor approximation of the
partial-differential equation used by the finite-difference nodel to describe
transient ground-water flow. The large time-step size may cause heads
calculated for the beginning part of the simulation to be not as close to
neasured heads as those calculated later in the sinulation.

The paucity of data am sbnplification of the ground-water-flow system
creates some limitations in using the ground-water-flow model for site
specific awlications. '!he areal extent of land being irrigated during the
simulated period was not koown but was assumed to be equal to that irrigated
during 1981, when lam-use data ~re available. If land-use practices were
changed substantially fran those of 1981, recharge fran unconsuned irrigation
water might rot be properly distributed in the IOOdel.

Time of travel through the unsaturated zone was assumed to be soort, as
indicated by data collected at the soil-moisture monitoring sites, and
therefore was not accounted for in applying recharge in the transient-state
sinulations. '!his assLUtlption may rot be true elsewhere in the valley.

Unconsumed irrigation water was simulated as areal recharge uniformly
applied to all areas mapped as irrigated land and rot as water fran individual
canals to downgradient fields. '!his sbnplification Cbes not take into account
the quantities of water applied or the transmissivity of the soil for a
particular area.

Different irrigation practices can also affect the quantity of recharge
available fran unconsuned irrigation water. Fields irrigated by sprinklers,
if correctly managed, oontribute less recharge to the valley-fill aquifer than
do flood-irrigated fields. This factor must be considered to more accurately
determine the quantity of unoonsumed irr igation water sinulated as recharge in
the nodel.

Recharge fran perennial am e{i1eneral stream; and canals was determined
to be some percentage of that stream's average annual streamflow by
generalizing the type of valley-fill material that it flowed across. These
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generalizations were applied to each body of water, regardless of site
SPeCific conditions, so that the percentage of recharge is consistent with the
type of stream. Recharge fran perennial arXl e:fhemeral streams arXl canals ItOst
likely varies significantly with location in the valley. These
generalizations result in varying degrees of divergence between model
sinulated and IlEasured water levels. GroorXl-water wittrlrawals fran wells were
not simulated in Panguitch Valley because the volume was rot significant:
therefore, the IOOdel is rot calibrated to this tyPe of stress.

The unconsolidated valley-fill dep:>sits that are the primary groorXl-water
reservoirs in the uR;>er Sevier River basin in sooth-central Utah were studied
fran 1988 to 1989. Redlarge to the valley-fill aquifer in Panguitch Valley,
estimated to be from 71,740 to 80,740 acre-ft/yr, is ItOstly by seepage fran
streams, canals, arXl unconsUItEd irrigation water. Changes in soil-moisture
content and water levels were measured in Panguitch Valley at a floOO
irrigated alfalfa field and at a sprinkler-irrigated alfalfa field to quantify
seepage fran unconsUItEd irrigation water. The lag time between irrigation arXl
water-level response decreased fran 6 days to 2 days in the flood-irrigated
field as the soil-moisture content increased. water levels measured in the
sprinkler-irrigated field did rot respond to irrigation on the field. seepage
from the valley-fill aquifer to the Sevier River in Panguitch Valley is about
53,570 acre-ft/yr.

The occurrence of ground water in the valley-fill deposits of Circle,
Grass, arXl East Fork Valleys is similar to that in Panguitch Valley. Recharge
to the valley-fill aquifers is IOO6tly fran infiltration of surface water arXl
precipitation.

Water levels fluctuate in response to changes in precipitation occurring
at higher elevations and in response to the resulting flow in streams and
canals. Water levels measured in wells in irrigated areas rise in the late
sunmer arXl fall: whereas, those near streams rise in the spring. Most water
levels measured in wells in the upper sevier River basin declined fran April
to October 1989.

The chemical composition of ground water in the basin is primarily a
calcium bicarbonate type arXl is influenced by the rock that it has come in
contact with during its flow history. Dissolved-solids concentrations of
ground-water sampled from valley-fill aquifers during this study range from
148 mg/L at a well in Grass Valley to 473 mg/L at a well in Circle Valley.
Ground-water inflow to the Sevier River in Panguitch Valley generally
increases the SPeCific conductance of the river in a dCMnstream direction.

A three-layer ground-water-flow IOOdel was used to estimate the effects of
changes in irrigation practices and increased grourXl-water wittrlrawals. The
establishment of initial conditions consisted of comparing,simulated water
levels and simulated gains and losses from the Sevier River and selected
canals to values of those factors IlEasured during the 1988 irrigation season.
The model was calibrated using transient-state information from 1961 to 1963
divided into 36 l-m:mth stress periods. A simulated change from flood- to
sprinkler-irrigation in a small area in the northern part of the valley
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resulted in a maxi.m.un water-level decline of 0.9 f t by the end of the first
year of change. Simulation of additional discharge from two wells in the
valley resulted in dravrlCMIlS of aboot 20 ft after the first year of pmping.
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Table 5.--Records of selected springs in the upper Sevier River basin
[Dashes indicate that data were rot mllected or infonnation was not available)

location: See figure 2 for an explanatioo of the nuntJering systan for h~rologic-data sites.
Altitude of land surface: ft. feet above sea level. Interpolated fran U.S. Geological Survey tqx>graphic maps.
Source of water: Geologic unit from which spring discharges: Valley fill--undivided alluvial. colluvial. and lacustrine

deposits of Quaternary and Tertiary age; Claron. Claron Formatioo of Tertiary age; Consol idated. other rocks of Cretacews
to Tertiary age.

Discharge: gal/min. gallons per minute; E. discharge estimated.
Specific conductance: /is/cm. microsiemens per centimeter at 25 degrees celsius; C. see table 8 for results of chemical

analysis; measured in the field except Wlere noted l. laboratory value.
water tenperature: OCt degrees celsius.

Location NiI'Ile of spring

Altitude
of 1and Source
surface of water
(ft)

Sevier River drainage area

Discharge Specific Water
(gal/min) mnductaoce t~rature

(/is/em) (OC)

Date

(C-3O- 3)17cba-S1
(C-3O- 3)18:lcb-S1
(C-3O- 4)16abb-S1

(C-32- 5)35abb-S1

(C-33- 5~ 9dcc-S1
(C-34- 5 4cdc-S1
(C-34- 5 4cdc-S2

f
C-34- 5)27cad-S1
C-35-4.5)19cb-S1
C-35-4.5)25bd-S1

(C-35- 5) 1dbd-S1

(C-35- 5)12dac-S1

~
C-35- 5)25abd-S1
C-36-4.5) 15bc-S1
C-36- 5)14cdd-S1

l
C-36- 5)33bd- Sl
C-36- 5)34bd- Sl
C-36- 7)31dac-S1
C-37- 5)32abb-S1

(C-37- 6)32dac-S1
(C-37- 6)32ddc-S1

(C-37- 6j33bC -Sl
(C-37- 6 33ddc-S1
(C-38- 8 12cdc-S1
(C-38- 9 12bdb-S1

Mitchell Slough
Mitchell Slough
Circleville Spring

Marshall Slough

South LeFevre Spring

Bill Phinney Sprirg

Casto Springs

Meyers Spri ngs

Johnsoo Creek Springs

Ma1Iooth Spri ng

Upper Asay Spring

lOrier Asay
Cub Spring
Duck Creek Spring

6.040
6.040
7.000

6.365

6,460
6,500
6,500

6,860

6,840
7,500
6.920

6.960
7,120
8,250
7,400

7,120
7,120

7,100
7,280
8,560
9,120

Valley fill
Valley fill
Valley fill

Valley fill

Valley fill
Valley fill
Valley fill

Valley fill
Valley fill
Valley fill

Valley fill

Valley fill

Valley fill
Valley fill
Valley fill

Valley fi 11
Valley fill

Claron
Valley fill

Claron
Claron

Coosolidated
Claron
Claron

Coosolidated

3.670

60

1,350

25

94
58
63

200 E
7
6

80E

60E
27
30E
60E

15
0.2

76
80

84E
69
80E

13,000
15 E

33.5
20

240 C
85 C
95 C

-- C

410
720 C,l
700
650
720 C

480 C.l
500
540

465 C.l
500
520

670

170 C
455 C,l
425

475 C
455
460 C.l
440C
410

«Xl C
510
235
«Xl C,l
135

7.0
14.0

18.0
18.5
11.0
11.5
13.0

13.0

8.0
7.5

11.0

12.0
12.0
9.0

11.0

5.0
8.5
9.0

8.0
10.0
12.0
9.0

11.5

8.0
9.0
7.0
4.0
4.5

08-00-00
07-20-00
12-D3-62
08-31-00
08- -56

06-17-00
08-30-00
07-27-00
08-D2-oo
08-D3-oo

08-30-00
05-16-00
11-15-81
05-12-00
05-16-00

06-D7-OO
07-27-00
07-25-00
05-10-00
07-25-00

04-12-00
04-12-00
06-17-00
07-25-81
09-17-81

05-25-82
06-15-00
06-D7-OO
07-26-00
07-26-00

1O-D1-68
07-26-00
07-26-00
07-15-81
07-26-00

East Fork Sevier River drainage area

(C-27- 1)35cad-S1
(C-32- 2)13bdd-S1
(C-34- 3)27ddc-S1
(C-38- 4)31aaa-Sl

Parker Spring

Tan Best Sprirg
Yoviq>a Spring

7,260
6,960
7,600
8.320

89

Valley fill
Coosalidated
Coosolidated

Claron
500 E

1.0

270 C
205C
410 C
430
460

12.0
12.0
10.0
7.5

10.0

06-20-00
07-19-00
07-31-62
10-22-81
06-16-00



Table 6. --Records of selected wells in
[Dashes indicate data '/!ere not collectoo

Location: see figure 2 for an explanation of the nlJlt>ering system for hYdrologic-data sites.
Owner or user: Refers to last Ia'l<1«n OImer or user.
Use of Wlter: H. danestic or hooserold; I. irrigation; p. JlJblic sl4lPly; S. stock; U. unusoo.
Depth drilloo: ft. feet bel~ land surface.
casing: DiilllE!ter: in •• indies. Y'e\X)rtoo fran drillers' logs or measurOO in the field. ~th: ft. feet

screen reJX)rtoo in feet bel~ land surface. if knarm. and questioned (1) if extent of perforated
Altitude of land surface: ft. feet above sea level.
Water level: ft. in feet and decimal fractions. MeasurOO except where ooted R. reported.
Yield: Rate: gal/min. gallons per minute. F. natural fl~; p. pooped.
Water qual ity: Terr.,erature: OCt degrees celsius. Specific cooductance: /15/00. microsierens per
Other data available: W. water-level measurement. See table 7 for additional water-level measurements.

Casing
Use Depth

Year of drilled OiMJeter ~th Finish
Location lM1er or user drilled water (ft) (in.) (ft)

Sevier River drairnge area

(C-30- 3)15bba- 1 O. P. Jessen 1920 U 40 24
lQcicc- 1 M. Allen 1965 S 120 2 120 P114-12O

16bbb- 1 P. J. Jensen 1948 U 407 6
19dbb- 1 A. fottfredson 1965 S 65 4 61 P 56- 61
29cbb- 1 S. Smith 1969 S 160 4 160 0

32bbb- 1 U.S. Geological Survey 1962 U 680 1 414 P 27-414
(C-30- 4)I3cc~ 1 H

13ddc- 1 R. Wi ltshire & R. SUltweeks 1967 S 115 4 115 PllO-115

25bcc- 1 P. ~rgan 1977 I 165 16 165 P 40-165
25bcc- 2 Circleville & Lost Creek 1934 U 133 13 129 P 38-127

Irrigation Co.
35d~ 1 U.S. Geol,ical Survey 1962 U 510 1 'lJJ7 P 18-207
36ccc- 1 O. Daltoo Sons Inc. 1976 I 185 16 185 P 85-185

(C-32- 5)I3cda- 1 T. Perkins 1979 U 140 6 56 0

26aca- 1 V. Perkins 1905 H 20 36
26aca- 2 D. Perkins 1947 H 88 6
35bab- 1 U.S. Geological Survey 1962 U 456 1 18 P 9- 18

(C-33- 5) 4ddd- 1 W. P. Woodard 1950 H 83 6 83 0
9ad~ 1 C. LeFevre 1930 U 8 38 8 0
9dcd- 1 U

lOaba- 1 B. Michaud 1976 H 100 6 100 P 65- 95
10Cdd- 1 H. LeFevre 1952 U 111 6 106 0
15cOO-: 1 C. leFevre 1947 H 458 4.6 152 0

16add- 3 U 6
21ccd- 1 M. SChaefer 1972 H 80 7 80 P 40- 50

55- 70
29ddd- 1 L. V. Henrie 1968 S 89 8 89 P 83- 87

32aad- 1 O. K. Nielsoo 1967 S 86 6 86 0

34bdc- 1 J. Graf H 6

(C-34- 5) 2bcc- 1 A. Alexander U 52 48 52 0
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the upper Sevier River basin
or infonnation was not available]

below lan:! surface. Finish: O. open end; p. perforated. Upper an:! l~r limits of perforatioos or
interval is unknown.

centimeter at 25 degrees celsius. Measured in field except Where noted L. laboratory value.
e. see table 8 for results of chanical analysis.

Water level

Altitude AlxNe (+) Yield water quality
of land or below (-) Date other
surface land surface Rate Date T~ature Specific Date data
(ft) (ft) (gal/min) (0C) conductance available

(JJS/an)

Sevier River drainage area

6.007 -21.69 01-23-88 W
6.000 -3.83 08-02-88

-8.55 04-14-89
-5.10 10-20-89

6.000 -16.17 10-20-88 W
6.032 13.0 800- 00-02-88 e
6.060 -23.46 08-02-88

-26.52 10-20-88
-25.24 04-14-89

6.100 -66.74 09-29-88 W
6,038 15.0 500 00-31-88 e
6.030 +6.40 08-11-88 OAF 04-14-89 16.0 600 04-14-89

+6.01 04-14-89 0.6F 10-24-89 15.0 600 10-24-89
+5.02 10-24-89

6.060 -10.82 09-28-88 13.0 610 ~-22-89 w,e
6,060 -11.22 09-28-88 1.475P 00-01-62 12.0 700 05-14-62 w.e

6.086 -39.60 05-19-88 W
6.110 -60.58 06-17-88

-67.60 04-14-89
-65.10 10-24-89

6.400 -61.68 09-28-88
-54.85 01-15-89
-55.02 04-14-89
-53.01 1(}-24-89

6,360 -11.32 06-17-88 W
6,360 13.0 270 00-31-88 e
6.370 -2.46 09-29-88 0.12F 03-02-87 13.5 285 03-02-87 w,e
6.475 16.0 720l 00-31-88 e
6.440 -0.70 05-17-88 w
6.460 -2.10 04-12-89

-3.05 10-26-89
6,450 -34.77 04-14-89 W
6.455 -5.80 05-18-88 W
6.470 -17 .22 09-28-88

-18.13 04-12-89
-18.57 10-26-89

6.445 -6.85 05-18-88 W
6,505 -35.28 04-14-89

-32.70 1(}-26-89
6,520 -44.00 04-12-89

-45.17 1(}-24-89
6,510 -32.85 05-17-88 5.7P 00-28-88 12.0 500 05-17-88 e

-34.10 04-12-89 11.5
-33.00 10-24-89

6,550 -47.98 04-12-89 11.0 520 04-12-89 e
-47.65 10-26-89

6,610 -45.90 10-16~1
-29.89 10-26-88
-39.03 04-12-89
-36.37 1(}-26-89
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Table 6. --Records of selected wells in

Casing
Use Depth

¥,ear of drilled Diameter Depth Finish
Location ()wner or user drilled water (ft) (in. ) (ft)

(C-34- 5)2cbc- 1 A. Alexander 1947 H 171 6 170 0
3cdc- 1 E. Fransden U
3dbd- 1 E. Henrie 1900 U 42 48 42 0

3ddb- 1 W. B. Proctor 1947 H 169 6 164 0
4abd- 1 J. E. H~ 1931 U 22 4 21 0

4bbc- 1 W. Houston S 6
4ddd- 1 J. Yardley S 21 36
5dac- 1 S. E. Allen 1968 S 85 6 83
5dca- 1 H. Hatch 1978 S 101 6 101 P 70- 85
Sabd- 1 D. A. Tebbs 1967 H 74 6 73 0

8adb- 2 D. \C)roerd 1935 U 166 4
9ddc- 1 H. Sevy 1968 S 87 6 87 0

10bab- 1 U.S. Geological Survey 1988 U 26 2 26 P 18- 23
lObbb- 1 J. Peterson 1963 S 140 4 140 P 80-140
10cac- 1 F. Proctor 1973 S 152 6 152 P 50- 85

95-150

15ccc- 1 S. Henrie 1964 H 90 8 90 P 70- 90
16acb- 1 J. Orton 1968 S 154 4 154 P151-154

16adc- 1 D. V. Worthen 1961 S 59 4 59 0
16dbd- 1 T. Simkins H

16dca- 1 U.S. Geological Survey 1988 U 31 2 29 P 24- 29
17dba- 1 S

17dbb- 1 P. Dickinson 1979 S 118 6 118 P100-118

17dbd- 1 K. Henrie S 6

17dcb- 1 K~ Henrie 1967 S 75 6 74 0

2Odba- 1 D. Iobser 1965 H 122 7 118

21aac- 1 R. J. Excell 1968 S 68 6 68 0

21adc- 1 G. Excel 1 S 30 8,24 30 0
21dbd- 1 U

26cbc- 1 S. Allen 1981 U 100 5 95 P 55- 95
27aba- 1 O. ~aree H 5

27aca- 1 U 6

27acb- 1 U 32
27bbc- 1 U
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the upper Sevier River basin-continued

Water level

Altitude fJOO.Ie (+) Yield Water quality
of land or below (-) Date Other
surface land surface Rate Date Ten.,er-ature Specific Date data
(ft) (ft) (gal/min) (0C) conductance available

(IJS/em)

6,617 -66.81 10-26-88 W
6,560 -9.80 09-28-88 W
6,585 -15.34 10-26-88

-22.19 04-12-89
-22.68 10-26-89

6,595 10.0 530 10-25-88
6,495 -13.22 10-16-61

-11.55 05-18-88
-12.67 04-12-89
-11.61 10-25-89

6,505 -24.72 05-18-88
6,543 -3.74 09-29-88 W
6,535 lOP 04-11-89 10.0 390 04-11-89 C
6,550 -28.95 05-17-88 W
6,550 -11.23 07-28-88

-24.61 04-13-89
-19.80 10-25-89

6,535 -15.54 03-08-83 W
6,570 -23.37 07-28-88 10.5P 04-12-89 11.5 620 04-12-89

-37.60 04-13-89
-29.08 10-25-89

6,570 -12.97 11-01-88 W
6,554 -11.50 05-18-88 15P 07-30-63 10.5 07-30-63 W
6,590 -18.08 07-28-88 24P 09-28-88 10.0 530 00-28-88 C

-35.84 04-12-89
-26.09 10-25-89

6,610 -53.09 07-28-88
6,570 -38.62 04-13-89

-35.64 10-25-89
6,587 -43.09 05-17-88 W
6,590 -35.65 09-28-88

-35.88 11-03-88
-43.68 01-19-89
-43.67 02-28-89

6,585 -21.45 11-02-88
6,540 -9.29 04-13-89

-8.74 10-25-89
6,560 -27.20 09-28-88

-32.69 04-14-89
-22.20 1(}"'26-89

6,540 -3.50 09-28-88
-6.73 04-13-89
-5.90 10-25-89

6,570 -25.53 07-28-88
-31.58 04-13-89
-29.79 10-25-89

6,580 -10.48 04-13-89
-9.40 10-25-89

6,585 -20.48 07-28-88
-30.32 04-12-89
-24.74 1(}"'24-89

6,570 -16.34 1(}"'26-88 W
6,560 -10.59 07-28-88

-16.15 04-11-89
-14.48 10-24-89

6,640 -17.68 06-15-88 W
6,665 -88.59 07-26-88 420 07-26-88

-92.32 04-13-89
-91.50 10-25-89

6,640 -55.42 07-26-88
-58.98 04-13-89
-57.47 10-25-89

6,600 -11.56 06-14-88
6,570 -0.20 07-28-88
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Table 6.--Records of selected wells in

Casing
Use Depth

Year of drilled Diameter Depth Finish
Location (),rmer or user drilled water (ft) (in. ) (ft)

(C-34- 5):llddd- 1 PangJitch City Corp. 1977 P 351 12 351 P225-345
32dc~ 1 R. tOters 1987 H 110 6 110 P 70-110

~C-35- 4~30CbC- 1 U.S. Forest Service P 7
C-35- 5 3aac- 1 T. A. Garrard 1973 H 56 6 56 P 35- 55

24ccb- 1 V. J. Myers 1953 U 350 4,5,6 350 P20l-206
258-264
280-290

24dac- 1 A. Tebbs 1975 H 99 12 99 P 57- 63
71- 79

25bbc- 3 K. I),mcan 1973 H 130 6 130 P 55-130

35da~ 1 A. M. & K. Waycastor 1978 H 60 6 60 P 52- 60

35ddb- 1 P. Koenings 1967 H 75 8 75 P 70- 75
(C-36- 5)28bdc- 1 U.S. Geological Survey 1962 U 577 1 117 P 18-117

28cda- 1 C. Reber 1982 H 242 8 242 P215-240

29dcb- 1 T<M'I of Hatch 1971 P 350 8,12 alB P120-184

29dc~ 1 do. 1948 P 216 10 P105-?

29ddc- 1 do. 1975 P 175 6 173 P 40-170

31cbd- 1 8ryce Woodland Estates 1971 U 100 8 30 0
(C-37- 5~19Cad- 1 E. Hoyt 1973 H 89 6 72 P 45- 68
(C-38- 6 14cbd- 1 M. Swapp 1982 U 252 6 252 P190-210

240-250
East Fork Sevier River drainage area

(C-26- l)12dbc- 1 D. Sorenson 1979 S 89 6 89 0

23ddb- 2 A. E. Delange 200 2
25acc- 1 A. R. Brom 1905 S 127 2 50 0
25bab- 1 S
25bac- 1 F. Browl S 2

25bdd- 1 Er;ckS(J1 S 2

35dcb- 2 C. HelqJist 1945 U 225 10
36cbb- 1 1923 S 200 2

(C-27 -1) 2cdb- 1 R. Torgeson 1966 S 152 2 152 0

3bca- 1 S 2

3dac- 1 E. Torgeson 1976 S 78 6 7B 0

3dba- 1 A. Anderson 1965 S 138 2 138 0
10acb- 1 T. Torgeson 1976 H 95 6 95 0

10ada- 1 T. Torgeson S 6
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the upper Sevier River basin-eontinued

Water level

Altitude AIxlve (+) Yield Water guality
of land or below (-) Date Other
surface land surface Rate Date T~erature Specific Date data
(ft) (ft) (gal/min) (DC) mnductance available

(pS/an)

6,800 -210.35 08-03-88
6,700 -86.22 08-31-88 13.0 390- 00-31-88 e

-93.62 04-12~

-92.11 10-25~

7,580 -67.74 08-04-88
6,690 -30.31 04-13~ 10.0 550 04-1~89

-29.11 10-25-89
6,730 -64.70 Ofr15-88

-66.07 10-26-88
-63.85 04-12~

6,810 -29.97 04-14~

6,740 12.0 430 00-31-88 e
6,790 -24.12 09-27-88 12.0 75<1. 06-21-89 e

-31.14 04-14~

-27.70 10-26~
6,790 -26.67 04-14~

6,870 -1.87 05-18-88 W
6,960 -95.29 09-28-88

-95.86 10-25~
7,020 -104.54 Ofr15-88

-106.27 10-25~
6,940 -46.5 09-25-61 55P 00-01-88 12.0 340 00-01-88 e

-49.0 05-28-62
-46.0 10-29-62
-44.0 12-03-62

6,910 -27.61 05-27~1

-28.39 Ofr15-88
-28.12 10-25~

7,090 -25.99 04-11~ W
7,113 -8.35 04-11~ 700 ~-15-88 w,e
7,320 -152.75 Ofr15-88

East Fork Sevier River drainage area

6,915 +8.26 05-19-88 0.75F 04-15-89 9.0 370 05-19-88 e
+7.40 04-15~ 12.0 3751.. 00-01-88

9.0 385 04-15-89
10.5 370 10-21-89

6,872 +8.90 09-28-88 13.0 200... 07-27-88 w,e
6,863 +11.20 0~15~ 2F 01-06-61 W
6,890 +7.50 08-11-88 12.5 120 04-15-89
6,870 +8.40 08-11-88 0.8F 00-11-88 13.0 130 04-15-89

+7.90 04-15-89 O.7F 04-15-89 10.0 130 10-21-89
+8.80 10-21-89 0.3F 10-21-89

6,860 +11.47 08-11-88 f£ 00-11-88 10.0 75 10-21-89
+11.00 10-28~ 3.6F 10-21-89 11.0 115 04-15-89
+13.65 04-15-89
+14.15 10-21-89

6,835 +17 .55 08-31-62 HJ" 00-31-62 11.5 265 00-30-88 e
6,830 +15.40 08-14-62 4F 00-14-62 11.5 235 04-15-89

+12.50 04-15~ 10.0 235 10-21-89
+13.90 10-21~

6,795 +6.25 04-15~ 0.3F 04-15-89 10.0 220 04-15-89
+4.20 10-21~ 0.45F 10-21-89 9.0 215 10-21-89

6,875 +4.97 08-03~ 7.1F 00-0~88 14.5 250 00-0~88
+7.78 10-21~ 4F 10-21-89 13.5 232 10-21-89

6,810 +1.88 08-10~ 0.25F 04-15-89 12.0 200 04-15-89
+1.05 04-15-89 8.0 195 00-21-89

6,830 -7.59 08-10-88
6,825 -6.15 08-10-88

-10.90 10-21-89
6,790 +2.85 08-10~ 0.5F 04-15-89 10.0 620 04-15-89

+3.07 04-15-89 0.35F 10-21-89 9.5 630 10-21-89
+2.20 10-21-89
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Table 6.--Records of selected wells in

Casing
Use Depth

Year of drilled Diameter Depth Finish
Location CMler or user drilled water (ft) (in. ) (ft)

(C-27- l)lOdab- 1 I. Torgeson 1980 S 169 6 169 0

16aaa- 1 W. Bagley 1978 S 47 6 47 0

16aab- 1 J. Bagley S 6
27abc- 2 H. B. Crandall 1910 S 260 2 0

~C-29- 2~35bad- 1 G. D. Moore 1952 H 197 6 161 0
C-3O- 2 28x1c- 1 Utah Parks and Recreatioo P 135 .10

34bcc- 1 J. Wyley H 20 24
(C-31- 2)lQadd- 2 G. Proctor 1971 U 310 12 213 0

lOdad- 1 U
24cbc- 1 E. Gleave 1952 U 114 6 114 0
35bda- 1 C. Wiley 1942 63 4 63 0

(C-33- 2) 3dab- 1 State Lands and Forestry 1984 S 92 6 92 P 50- 92
4dad- 1 do. 1984 S 268 6 268 Pl68-268
&:lad- 1 do. 1984 S 128 6 128 P 40-128

1Qada- 1 M. Johnson U 6
1Qadb- 1 do. H 8
22aab- 1 U.S. Geological Survey 1962 U 290 1 117 P 18-117

(C-34- 2)3Occc- 1 do. 1962 U 520 1 117 P 18-117
~C-34- 3~25dCd- 1 U 3
C-35- 4 25aab- 1 U 6

34dca- 1 M. Rich 1933 U 14 48 14 0
34dca- 2 do. 1952 U 170 6 10 0

(C-36- 3) 6dba- 1 U.S. Federal Aviatioo 1945 H 123 6
Alini ni stration

7bbc- 1 U.S. Bureau of Land 1952 P 230 6 230 P 46-230
Managerrent

7bca- 1 do. 1946 P 131 6 131 P 50-130

7dcd- 1 C. Syrett 1978 U 165 4 165 P 45-165
7ddc- 1 do. 1978 U 195 4 195 P 50- 85

6 43 95-110
150-185

7ddd- 1 do. 1981 U 145 4 145 P 45-145

7ddd- 2 do. 1978 U 145 4,6 145 P 30-145

7ddd- 3 do. 1978 U 145 4 145 P 35-143

8:lcb- 1 D. Hatch 1976 U 103 8 103 P 65-100

18acd- 1 C. Syrett 1960 U 100 12 100 P 5-100
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the upper Sevier River basin-COntinued

Water level

Altitude Pbove (+) Yield water guality
of land or below (-) Date Other
surface land surface Rate Date TerJllerature Specific Date data
(ft) (ft) (gal/min) (OC) ronductance available

(JJS/cm)

6,790 +7.33 09-30-88 2F 00-10-88 12.0 235L 00-10-88 W,C
1.15F 04-1~89 11.5 230 00-30-88
1.10F 10-21-89 12.5 240 04-1~89

11.5 235 10-21-89
6,830 -18.69 00-03-88

-18.15 04-15~

-24.80 10-21~
6,830 -24.30 00-04-88 W
6,739 +2.90 04-15~ 0.25F 04-1~89 11.0 240 05-19-88 w,e

11.0 245 04-15-89
6,405 -19.20 10-31-61 15.0 46Q 07-27-88 C
6,400 -42.65 03-01~ 13.0 410 07-27-88 W,C
6,370 -11.55 03..01~ W
6,450 -158.78 09-30-88

-176.75 10-27-88
6,540 -152.47 03-01~ W
6,590 -90.60 04-15~

6,500 -19.52 04-15~

7.215 -37.50 00-30-88 W
7,300 -173.30 00-02-88
7,345 -16.16 00-02-88

-22.48 10-25~

7,197 -1.09 00-30-88
7,199 -6.50 00-30-88
7,225 -4.18 09-22-88 W
7,405 -62.81 09-22-88 W
7,416 -75.75 00-30-88 W
7,630 -1.90 09-29-88

-0.93 04-13~
7,690 -6.84 09-29-88 W
7,690 -6.98 06-14-81

-8.58 09-29-88
7,580 -32.48 0~17-88 10.0 415 00-30-88 W,C

7,610 -28.23 04-13~ W

7,610 -14.82 06-15-81
-12.90 09-29-88
-15.82 03-01~
-16.08 04-13-89
-13.71 10-25~

7,630 -22.50 06-16-88 W
7,630 -22.87 06-16-88 W

7,630 -13.32 06-13-81
-13.70 07-17-81
-13.77 07-25-81
-15.20 06-16-88

7,630 -13.80 07-17-81
-13.45 06-13-81
-15.39 06-16-88

7,630 -8.50 06-13-81
-9.01 07-17-81
-9.11 07-25-81

-10.10 06-16-88
7,600 -5.25 07-25-81

-4.84 06-16-88
-5.80 10-25~

7,650 -1.75 00-28-61
-1.50 09-29-88
-1.15 10-27-88
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Table 6.-Records of selected r-.ells in th:!

casing
Use Depth

Year of dri lled Diameter Depth Finish
Location Owner or user drilled water (ft) (i n.) (ft)

(C-36- 4) laab- 1 L. O1ynONeth 1982 U 91 6 91 P 60- 85

2dca- 1 R. Ott 1950 U 310 6 66 0
2dca- 2 D. Wintch 1978 U 216 6 78 0

2dca- 3 Utah Department of 1969 P 125 8,12 125 Pl00-125
Transportation

3dad- 1 Ott H 6
Ifllbd- 1 L. Ott 1956 U 136 6 136 P 70- 76

116-122
130-136

12baa- 1 C. Syrett 1978 P 153 6 114 P 94-113

12baa- 2 do. 1978 P 114 8 114 P 94-114

12baa- 3 do. 1978 P 140 6 122 P110-?
15cbc- 1 U.S. Forest Service 1965 U 51 10 38 P 22- 32

34bda- 3 U.S. National Park Service U 34 12,16 34
36acc- 1 do. 1948 U 80 8,12,48 80 0
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upper Sevier River basin-eontinued

Water level

Altitude Above (+) Yield Water qual ity
of land or bela« (-) Date Other
surface land surface Rate Date T~erature Specific Date data
(ft) (ft) (gal/min) (0C) conductance avai lable

()JS/cm)

7,600 -40.59 09-29-88
-39.94 04-13-89
-42.96 10-25-89

7,620 -18.99 06-16-88 W
7,620 -21.63 04-13-89 W

7,620 -14.22 06-14-81
-19.52 06-16-88
-31.85 10-25-89

7,660 -38.00 06-16-88 W
7,670 -51.77 06-16-88 W

7,640 -42.42 06-15-81
-54.90 07-28-88

7,640 -42.45 06-15-81
-52.40 07-28-88

7,640 -59.19 10-25-89 W
7,690 5.80 05-20~

-6.25 06-14-81
-5.50 06-04-88

7,780 -4.19R 06-26-89 W
7,920 -30.0 09-11-61 lOP 02-22-59

-26.74 06-12-81
-26.60 06-16-88
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Table 7.--Water levels in selected hells in the
upper Sevier River basin

Location: See figure 2 for an explanatioo of the nuntlering systan for h)(jrologic-data sites.
Altitude (ALT.): Altitude of larosurface. in feet above sea level.
water levels are in feet above (+) or bel~ (-) land surface.
letters appearing after measurerrents: E. estimated; F. floong; R. reported; S. nearby well being~; T.

recently punped; X. water level influenced by fl~ in nearby ditch or canal.

Sevier River drainage area

(C-3O- 3)15bba- 1 ALT. 6.007

SEP 09. 1935 -13.90 OCT 31 -19.84 NOV 25 -21.52 OCT 10 -14.45
OCT 12 -15.71 NOV 05 -20.48 30 -21.94 15 -15.33
JAN 27. 1936 -24.80 10 -21.03 DEC 05 -22.30 20 -16.11
APR 20 -26.46 15 -21.57 10 -22.72 25 -16.70
JUN 17 -12.39 20 -22.04 15 -23.08 31 -17.00
AOO 04 -12.84 25 -22.36 20 -23.43 NOV 05 -17.24
SEP 28 -14.55 30 -22.68 25 -23.77 10 -17.34
NOV 26 -20.56 DEC 05 -23.05 31 -24.12 15 -17.54
FEB 09. 1937 -26.58 10 -23.42 JAN 05. 1958 -24.40 20 -17.67
MAR 26 -28.05 15 -23.79 10 -24.68 25 -17.80
JUN 07 -10.38 20 -24.12 15 -24.95 DEC 05 -18.45
AOO 24 - 8.13 25 -24.45 20 -25.18 10 -18.95
DEC 07 -19.43 31 -24.81 25 -25.41 15 -19.48
FEB 22. 1938 -24.17 JAN 05. 1957 -25.10 31 -25.66 20 -19.92
APR 12 -24.73 10 -25.37 FEB 05 -25.85 25 -20.34
JUL 15 - 8.18 20 -25.64 10 -26.03 31 -20.85
AUG 24 - 8.38 25 -26.06 15 -26.21 JAN 05. 1959 -21.19
OCT 05 -10.30 31 -26.32 20 -26.30 10 -21.50
DEC 19 -20.59 FEB 05 -26.52 25 -26.49 15 -21.82
MAR 02. 1939 -23.19 10 -26.71 28 -26.58 20 -22.08
APR 21 -24.21 25 -V.19 MAR 05 -26.70 25 -22.35
AUG 21 - 8.56 28 -V.26 10 -26.83 31 -22.65
OCT 18 -16.89 MAR 05 -V.35 15 -26.94 FEB 05 -22.98
DEC 07 -21.85 10 -V.37 20 -V.04 10 -23.19
MAR 25. 1940 -25.82 15 -V.38 25 -V.10 15 -23.38
DEC 07 -23.34 APR 10 -V.17 31 -V.16 20 -23.53
MAR 21. 1941 -26.79 15 -25.66 APR 05 -V.21 25 -23.66
OCT 08 -13.88 20 -24.91 10 -27.25 28 -23.72
DEC 03 -19.12 25 -24.38 15 -27.30 MAR 05 -23.80
MAR 17. 1942 -23.19 MAY 05 -22.52 20 -27 .27 10 -23.89
AlXi08 - 8.21 20 -19.90 25 -26.63 15 -23.96
DEC 07 -19.36 JUN 15 -17 .33 30 -25.64 20 -24.02
MAR 10. 1943 -22.03 20 -17.72 MAY 05 -24.16 25 -23.90
DEC 15 -19.42 25 -16.47 10 -22.62 31 -23.90
MAR 18. 1944 -23.10 30 -15.96 15 -20.40 APR 05 -23.96
DEC 03 -18.75 JUL 05 -16.55 20 -19.12 10 -23.36
APR 03. 1945 -22.90 10 -15.84 25 -15.42 15 -20.93
DEC 07 -20.23 15 -15.24 31 -14.31 20 -21.40
MAR 20. 1946 -23.58 20 -15.91 JUN 05 -13.28 25 -20.38
DEC 16 -20.27 25 -14.52 10 -12.71 30 -18.82
MAR 26. 1947 -23.61 31 -14.45 15 -13.05 MAY 05 -18.86
DEC 10 -20.56 AUG 05 -14.36 20 -11.72 10 -18.04
MAR 16. 1948 -24.15 10 -14.18 25 -12.10 15 -16.94
JUL 21 -10.36 15 -13.49 30 -12.60 20 -16.97
DEC 10 -19.70 20 -13.79 JUL 05 -10.71 25 -16.63
APR 03. 1949 -23.76 25 -13.92 10 -11.78 30 -16.03
DEC 10 -19.81 31 -13.77 15 -11.89 JUN 05 -15.68
MAR 29. 1950 -23.87 SEP 05 -12.68 20 -10.56 10 -15.08
DEC 09 -19.83 10 -11.91 25 -11.95 15 -15.43
MAR 26. 1951 -24.79 15 -13.00 31 -11.56 20 -15.30
DEC 09 -21.70 20 -12.80 AUG 05 -11.04 25 -13.98
APR 06. 1952 -26.66 25 -13.89 10 -12.21 30 -15.07
DEC 07 -18.70 30 -14.68 15 -11.97 JUL 05 -14.48
MAR 16. 1953 -23.87 OCT 05 -15.10 20 -11.04 10 -13.59
DEC 10 -20.92 10 -16.02 25 -11.87 15 -14.53
MAR 25. 1954 -25.57 15 -16.77 31 -11.04 20 -14.42
DEC 02 -21.53 20 -17.55 SEP 05 -10.74 25 -13.86
DEC 04. 1955 -19.37 25 -18.31 10 -11.38 31 -14.80
MAR 20. 1956 -26.44 31 -19.08 15 -11.52 AUG 05 -13.93
SEP 11 -15.65 NOV 05 -19.66 20 -11.36 10 -13.97
OCT 04 -15.70 10 -20.17 25 -12.34 15 -14.75

13 -16.90 15 -20.62 30 -12.78 20 -13.94
26 -19.15 20 -21.08 OCT 05 -13.46 25 -13.31
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Table 7.--Water levels in selected wells in the
upper Sevier River bas~-eontinued

(C-30- 3)l5bba- 1--Continued

AUG 31. 1959 -14.48 MAR 05. 1960 -25.76 MAR 30. 1962 -27.58 OCT 04. 1971 -11.09
SEP 05 -13.38 10 -25.96 APR 30 -22.44 MAR 01. 1972 -23.58

10 -13.47 15 -26.16 MAY 28 -16.08 OCT 05 -10.44
15 -14.27 20 -26.36 JUL 03 -13.41 MAR 08. 1973 -23.75
20 -13.16 25 -26.56 AUG 01 -12.29 OCT 12 -11.84
25 -13.59 31 -26.76 28 -12.78 MAR 20. 1974 -22.56
30 -13.06 APR 05 -26.85 SEP 24 -12.39 OCT 07 -11.86

OCT 05 -14.78 10 -26.10 OCT 29 -17 .19 MAR 13. 1975 -22.69
10 -16.02 15 -25.45 DEC 03 -20.57 OCT 21 -12.88
15 -16.94 20 -23.90 26 -22.24 MAR 25. 1976 -23.80
20 -17.70 25 -22.28 JAN 28. 1963 -23.87 OCT 04 - 9.87
25 -18.29 30 -22.04 FEB 27 -25.05 MAR 01. 1977 -23.51
31 -18.75 tolAY 05 -20.78 MAR 25 -25.80 OCT 05 -10.53

NOV 05 -19.15 10 -18.83 APR 29 -20.80 OCT 03. 1978 - 9.31
10 -19.55 23 -16.53 MAY 28 -15.77 MAR 12. 1979 -24.09
15 -19.95 JUN 20 -15.14 JUL 01 -13.85 OCT 01 - 6.58
20 -20.35 JUL 25 -13.81 30 -12.48 MAR 05. 1980 -21.29
25 -20.51 AUG 31 -14.73 AlJG28 -11.95 OCT 01 - 7.82
30 -20.50 SEP 26 -14.70 SEP 23 -11.24 MAR 03. 1981 -20.89X

DEC 05 -20.56 OCT 25 -18.73 DEC 04 -19.26 OCT 01 - 8.43
10 -20.87 NOV 25 -20.60 APR 08. 1964 -26.93 MAR 02. 1982 -21.78
15 -21.29 DEC 29 -23.75 SEP 24 -10.44 SEP 21 -12.66
20 -21.74 JAN 26. 1961 -25.68 DEC 07 -19.41 MAR 02. 1983 -21.28
25 -22.12 FEB 23 -27 .65 MAR 19. 1965 -25.53 SEP 19 -10.25
31 -22.53 MARlO -28.08 SEP 10 -10.86 MAR 08. 1984 -19.68

JAN 05. 1960 -22.88 APR 21 -25.90 MAR 07. 1966 -24.30 SEP 26 - 9.40
10 -23.23 tolAY 22 -17.60 OCT 04 -10.81 MAR 12. 1985 -18.17
15 -23.58 JUL 03 -15.19 MAR 03. 1967 -24.40 SEP 30 - 8.71
20 -23.93 25 -12.38 SEP 13 - 8.94 MAR 06. 1986 -21.74
25 -24.18 AUG 22 -13.84 MAR 04. 1968 -25.41 SEP 17 - 8.88
31 -24.46 SEP 25 -13.19 SEP 30 - 8.88 MAR 18. 1987 -21.63

FEB 05 -24.66 OCT 30 -18.50 MAR 12. 1969 -23.83 JUL 21 - 8.61
10 -24.84 NOV 27 -21.50 OCT 07 -12.72 SEP 28 - 9.77
15 -25.05 DEC 27 -23.61 MAR 09. 1970 -23.10 MAR 23. 1988 -21.69
20 -25.26 FEB 01. 1962 -25.40 OCT 06 -10.66 SEP 20. 1989 -10.06
25 -25.40 MAR 05 -26.59 MAR 12. 1971 -24.23
29 -25.56

(C-30- 3)16bbb- 1 ALI. 6.000

MAR 25. 1987 -16.99 MAR 23. 1988 -17.33 SEP 14. 1988 -16.12 MAR 09. 1989 -16.62
JUL 21 -16.48 APR 29 -16.48 OCT 20 -16.17 APR 12 -16.73
AUG 20 -16.40 tolAY 18 -16.25 NOV 30 -16.87 MAY 24 -16.42
SEP 28 -15.78 JUN 23 -15.99 DEC 29 -17.21 JUN 26 -16.51
OCT 14 -15.65 JUL 12 -16.17 JAN 26. 1989 -17.57 JUL 19 -16.88
DEC 07 -16.27 AUG 16 -15.90 FEB 23 -17 .14 SEP 20 -16.29

(C-30- 3)32bbb- 1 ALI. 6.100

OCT 01. 1962 -67.49 SEP 23. 1963 -74.12 SEP 26. 1984 -66.98 DEC 07. 1988 -66.70
29 -73.78 MAR 12. 1979 -73.62 MAR 14. 1985 -66.80 JAN 04. 1989 -66.41

DEC 03 -73.16 OCT 01 -71.52 OCT 01 -66.51 18 -66.60
26 -73.10 MAR 05. 1980 -00.82 MAR 20. 1986 -66.60 MAR 01 -66.45

JAN 28. 1963 -73.43 OCT 01 -00.03 SEP 17 -66.49 APR 11 -66.45
FEB 27 -73.61 MAR 03. 1981 -68.32 MAR 02. 1987 -66.35 tolAY 09 -66.49 S
MAR 25 -73.73 OCT 01 -68.53 SEP 10 -66.66 JUN 06 -66.57
APR 29 -73.81 MAR 02. 1982 -68.46 MAR 23. 1988 -66.73 JUL 19 -66.69
tolAY 29 -73.88 SEP 21 -68.52 tolAY 19 -66.78 AUG 28 -66.84
JUL 02 -73.93 MAR 02. 1983 -67.98 JUL 29 -66.76 SEP 28 -66.97

30 -73.97 SEP 19 -67.93 SEP 29 -66.74 OCT 24 -67.06
AUG 28 -74.06 MAR 08. 1984 -67.28 OCT 25 -66.62

(C-3O- 4)25bcc- 1 ALT. 6.000

SEP 28. 1988 -10.82 MAR 01. 1989 -10.62 tolAY 09. 1989 -13.23 OCT 24. 1989 -14.43
OCT 25 -11.85 APR 14 -13.54 SEP 28 -15.05
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Table 7. --Water levels in selected wells in the
upper Sevier River basin--continued

(C-30- 4)25bcc- 2 ALI. 6.000

APR 12, 1938 -20.50 AUG 08, 1942 -13.38 DEC 10, 1949 -18.33 NOV 27, 1961 -23.5
JUL 15 -15.00 DEC 17 -16.59 MAR 29, 1950 -16.82 DEC 27 -24.0
AUG 24 -14.76 MAR 11, 1943 -19.57 JUL 27 -14.18 FEB 01, 1962 -23.5
OCT 06 -16.08 DEC 15 -18.10 DEC 09 -16.77 MAR 05 -24.5
DEC 19 -18.23 MAR 18, 1944 -19.05 MAR 26, 1951 -19.19 30 -24.5
MAR 02, 1939 -19.88 DEC 03 -17.43 MAR 20, 1956 -22.71 APR 30 -23.14
APR 21 -23.22 APR 03, 1945 -19.86 OCT 25, 1960 -23.0 MAY 28 -18.70
AUG 21 -18.70 DEC 07 -17.82 NOV 25 -22.0 JUL 03 -17 .52
OCT 18 -18.73 MAR 26, 1946 -18.90 DEC 29 -23.0 AUG 01 -35.0
DEC 07 -19.39 DEC 16 -20.25 JAN 26, 1961 -24.0 28 -35.5
MAR 25, 1940 -21.04 MAR 26, 1947 -20.68 FE8 23 -24.5 SEP 24 -36.00
DEC 07 -20.95 DEC 10 -20.00 MAR 22 -24.0 OCT 29 -20.07
MAR 21, 1941 -23.20 MAR 16, 1948 -20.52 SEP 25 -22.5 DEC 03 -20.87
OCT 08 -16.06 JUL 21 -16.36 26 -21.54 SEP 28, 1988 -11.22
DEC 03 -18.22 DEC 10, 1948 -19.08 OCT 30, 1961 -22.5
MAR 17, 1942 -21.68 APR 03, 1949 -18.29

(C-30- 4)35dab- 1 ALT. 6,086

OCT 01, 1962 -47.34 OCT 24, 1967 -41.35 OCT 05, 1977 -45.80 SEP 17, 1986 -33.72
29 -46.20 MAR 04, 1968 -41.14 MAR 12, 1978 -45.51 MAR 02. 1987 -l}.41

DEC 03 -46.93 SEP 30 -37.06 17 -47.03 SEP 10 -35.29
26 -47.70 MAR 14. 1969 -44.43 OCT 03 -43.25 MAR 23. 1988 -«3.46

JAN 28, 1963 -48.23 OCT 07 -33.34 MAR 12. 1979 -44.51 MAY 19 -l}.60
FE8 27 -48.73 MAR 09, 1970 -44.09 OCT 01 -36.70 JUL 29 -35.17
MAR 25 -48.96 OCT 06 -41.97 MAR 05, 1980 -42.38 SEP 29 -35.01
APR 29 -47.85 MAR 12, 1971 -45.20 OCT 01 -34.90 OCT 25 -34.96
MAY 29 -45.88 OCT 04 -42.94 MAR 03. 1981 -l}.03 DEC 07 -35.20
JUL 02 -47.00 MAR 01. 1972 -37.41 OCT 01 -33.47 JAN 04, 1989 -35.82

30 -48.29 OCT 05 -44.79 MAR 02, 1982 -«3.29 MAR 01 -3).79
AUG 28 -48.52 MAR 02, 1973 -46.25 SEP 21 -36.18 15 -34.79
SEP 23 -48.33 OCT 02 -37.83 MAR 02, 1983 -l}.25 APR 11 -33.18
APR 07, 1964 -48.60 MAR 18, 1974 -42.42 SEP 19 -33.18 MAY 09 -37.88
SEP 24 -47.52 OCT 07 -44.40 MAR 08. 1984 -l}.41 JUN 06 -33.29
MAR 19, 1965 -49.37 MAR 13, 1975 -45.96 SEP 26 -35.03 JUL 19 -l}.71
SEP 10 -41.16 OCT 01 -41.00 MAR 14, 1985 -«).38 AUG 28 -l}.76
MAR 07. 1966 -46.38 MAR 25, 1976 -44.41 OCT 01 -33.13 SEP 28 -l}.80
OCT 04 -44.31 OCT 04 -43.33 MAR 20, 1986 -33.84 OCT 24 -l}.87
MAR 03, 1967 -46.70 MAR 23, 1977 -44.94

(C-32- 5)26aca- 1 ALI. 6,3fil

AUG 01, 1951 -13.11 DEC 23, 19!B -14.97 MAR 28, 1962 -13.88 JUL 30, 1963 -11.57
DEC 09 -13.81 APR 09, 1900 -14.78 APR 28 -13.61 AUG 28 -11. 51
APR 06, 1952 -13.89 JAN 06, 1961 -13.82 MAY 28 - 9.91 SEP 23 -12.13
DEC 07 -13.49 FEB 28 -15.04 JUN 28 -11.37 APR 07, 1964 -13.97
MAR 16, 1953 -14.11 MAR 22 -16.58 JUL 28 - 8.61 SEP 24 -11.54
DEC 10 -13.50 APR 25 -16.36 AUG 28 -11.22 DEC 07 -13.74
MAR 25, 1954 -14.06 MAY 24 -11.20 SEP 28 -11.46 MAR 19, 1965 -13.94
DEC 02 -14.39 JUL 05 -11.19 OCT 28 -13.46 SEP 10 -10.86
DEC 04, 1955 -14.32 JUL 27 -10.87 NOV 28 -13.23 MAR 07, 1966 -14.03
MAR 20, 1956 -15.15 AUG 31 -12.35 DEC 26 -14.10 OCT 04 -11.05
DEC 21 -14.03 SEP 30 -13.19 JAN 28, 1963 -14.37 MAR 03, 1967 -13.97
MAR 30, 1957 -14.63 OCT 31 -13.78 FEB 27 -14.22 OCT 24 -12.74
DEC 20 -14.25 NOV 30 -14.00 MAR 25 -14.03 MAR 06, 1968 -14.34
APR 03, 1958 -13.50 DEC 31 -14.26 APR 29 -13.39 SEP 30 - 9.30
DEC 23 -13.89 JAN 22, 1962 -14.34 MAY 29 -10.59 MAR 14, 1969 -12.84
APR 11, 1959 -14.07 FEB 28 -14.00 JUL 02 -10.90 OCT 07 -10.10
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Table 7.--Water levels in selected wells in the
upper Sevier River basin--eontinued

(C-32- 5)26aca- 1--Continued

MAR 09, 1970 -14.73 MAR 18, 1974 -12.00 OCT 03, 1978 -11.35 SEP 19, 1983 -13.48
OCT 07 -13.40 OCT 07 -14.16 MAR 12, 1979 -12.50 SEP 26, 1984 -14.60
MAR 12, 1971 -14.08 MAR 31, 1975 -14.63 OCT 01 - 9.97 OCT 01, 1985 -10.79 X
OCT 04 -10.64 OCT 01 -10.95 MAR 05, 1980 -13.60 SEP 17, 1986 - 8.75
MAR 01. 1972 -14.27 MAR 25. 1976 -15.4) OCT 01 -lU)() MAR 02. 1987 -13.05
OCT 05 -11.51 OCT 04 -11.08 OCT 01. 1981 -12.45 JUN 17. 1988 -11.32
MAR 02. 1973 -10.84 MAR 23. 19n -14.13 SEP 21. 1982 -12.92
OCT 02 -10.07 OCT 05 -l3.n

(C-32- 5)35bab- 1 ALT. 6,370

JUL 23. 1962 +2.96 SEP 10. 1965 +3.35 MAR 31. 1975 +2.05 SEP 26, 1984 +2.67
31 +2.78 MAR 07. 1966 +2.75 OCTOl +2.80 MAR 13, 1985 +1.90

AUG 28 +2.94 OCT 04 +3.23 MAR 25, 1976 +2.55 OCT 01 +2.91
SEP 24 +2.91 MAR 03, 1967 +2.80 OCT 04 +2.40 MAR 20, 1986 +1.73
OCT 29 +2.80 OCT 24 +2.78 MAR 23, 1977 +2.30 SEP 17 +2.34
DEC 03 +2.86 MAR 06. 1968 +2.90 OCT 05 +2.18 MAR 02, 1987 +1.30
JAN 28. 1963 +2.50 SEP 30 +3.65 MAR 17, 1978 +2.17 MAR 21. 1988 -+0.24
FEB 27 +2.52 MAR 14, 1969 +2.90 OCT 03 +2.37 SEP 29 -2.46
MAR 25 +2.70 OCT 07 +3.05 MAR 12. 1979 +2.29 OCT 25 -1.13
APR 29 +3.00 MAR 09. 1970 +2.78 OCT 01 +1.75 DEC 07 -D.ll
MAY 29 +3.00 OCT 07 +2.89 MAR 04. 1980 +2.30 MAR 15. 1989 -D.22
JUL 02 +2.97 MAR 12. 1971 +2.20 OCT 01 +2.52 APR 12 -D.97
JUL 30 +2.95 OCT 04 +2.43 MAR 03. 1981 +2.37 MAY 09 -D.90
AUG 28 +3.14 MAR 01, 1972 +2.68 OCT 01 +2.52 JUN 07 -1.28
SEP 23 +2.92 OCT 05 +2.37 MAR 01. 1982 +2.10 JUL 19 -1.50
APR 07. 1964 +3.05 MAR 02, 1973 +2.32 SEP 21 +2.64 AUG 28 -1.66
SEP 24 +2.97 OCT 02 +2.50 MAR 08. 1983 +2.21 SEP 28 -D.34
DEC 07 +3.20 MAR 18. 1974 +2.20 SEP 19 +2.57 OCT 24 -D. 80
MAR 19, 1965 +2.70 OCT 07 +2.15 MAR 08, 1984 +2.01

(C-33- 5) 9adb- 1 ALI. 6.44)

AUG 01. 1951 -D.75 APR 11. 1959 -1.09 FEB 01, 1962 -2.30 APR 29, 1963 -D.23
DEC 09 -2.51 DEC 23 F MAR 05 -2.12 MAY 29 F
APR 06, 1952 -D.87 APR 09. 1960 -1.34 APR 02 -1.58 JUL 02 -1.22
DEC 07 F JAN 06, 1961 -2.29 30 -D.37 30 -2.22
MAR 16. 1953 -D.44 FEB 28 -2.28 MAY 28 -D.10 AUG 28 -2.77
DEC 10 -+0.5 F MAR 22 -1.91 JUL 03 -D.90 SEP 23 -2.55
MAR 25. 1954 -D. 54 APR 25 -D.15 31 -1.91 MAY 17, 1988 -D.70
DEC 02 -D.21 MAY 24 -1.47 Al.XJ28 -2.61 APR 12. 1989 -2.04
DEC 04. 1955 -2.34 JUL 05 -2.11 SEP 24 -3.14 MAY 09 -2.01
MAR 20. 1956 -1.87 27 -2.85 OCT 29 -2.86 JUN 06 -1.33
DEC 22 -3.03 AUG 23 -3.30 DEC 03 -2.35 JUL 19 -2.47
MAR 30, 1957 -1.98 SEP 25 -3.08 26 -2.25 AUG 28 -1.51
SEP 23 -D.79 OCT 30 -2.86 JAN 28, 1963 -2.35 SEP 28 -D.98
DEC 20 -D. 32 NOV 27 -2.61 FEB 27 -2.09 OCT 26 -1.47
APR 03, 1958 -1.10 DEC 27 -2.30 MAR 25 -1.71

(C-33- 5)10aba- 1 ALT. 6.450

APR 14. 1989 -34.77 JUL 19, 1989 -31.17 SEP 29 -lJ.45 OCT 24. 1989 -lJ.6O
JUN 06 -32.64 AUG 28 -lJ.38

(C-33- 5)lOcdd- 1 ALT. 6,455

OCT 23, 1961 -28.50 APR 30. 1962 -28.76 DEC 03. 1962 -28.23 JUL 02. 1963 -28.02
30 -28.34 MAY 28 -24.61 26 -28.57 30 -28.25

NOV 27 -28.26 JUL 03 -25.39 JAN 28. 1963 -28.70 AUG 28 -28.04
DEC 27 -28.84 31 -25.77 FEB 27 -29.11 SEP 23 -27 .43
FEB 01, 1962 -29.25 Al.XJ28 -26.60 MAR 25 -29.34 MAY 18. 1988 - 5.80
MAR 05 -29.38 SEP 24 -26.73 APR 29 -29.50 APR 12. 1989 - 5.80
APR 02 -29.02 OCT 29 -27 .76 MAY 29 -27.66 OCT 24 - 5.86
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Table 7.--Water levels in selected wells in the
upper Sevier River basin--<:ontinued

(C-33- 5)16add- 3 ALI. 6.445

MAY 18. 1988 - 6.85 OCT 25. 1988 - 4.86 MAR 01. 1989 - 8.15 JUL 19. 1989 - 7.59
JUN 14 - 5.28 DEC 07. - 7.10 APR 12 - 8.87 AUG 28 - 7.52
JUL 28 - 4.80 JAN 04. 1989 - 7.79 MAY 09 - 8.18 SEP 28 - 6.01
SEP 01 - 6.46 JAN 18. - 8.07 JUN 06 - 8.03 OCT 24 - 5.43
SEP 28 - 5.57

(C-34- 5) 2cbc- 1 ALl. 6.617

OCT 01. 1961 -00.0 APR 02. 1962 -!ll.36 OCT 29. 1962 -82.67 MAY 29. 1963 -84.41
16 ..00.40 30 -!ll.18 DEC 03 -8),67 JUL 01 -84.40
30 -88.54 MAY 28 -88.86 26 -00.98 30 -84.29

NOV 27 -fllj.77 JUL 03 -87.73 JAN 28. 1963 -82.70 AUG 28 -84.62
DEC 27 -87.20 31 -87.00 FEB 27 -84.01 SEP 23 -84.13
FEB 01. 1962 -88.50 AUG 28 -fllj.4O MAR 25 -84.80 OCT 26. 1988 -00.81
MAR 05 -00.95 SEP 24 -85.85 APR 29 -85.32 OCT 26. 1989 -72.45

(C-34- 5) 3cdc- 1 ALT. 6.500

SEP 28. 1988 -9.80 FEB 28. 1989 -15.63 JUL 19. 1989 -14.44
NOV 03 -8.77 APR 12 -14.28 SEP 28 -15.70
JAN 18. 1989 -12.25 MAY 10 -14.84 OCT 25 -14.30

(C-34- 5) 4ddd- 1 ALI. 6.543

AUG 01. 1951 -10.18 FEB 01. 1962 -16.03 SEP 30. 1968 -2.67 SEP 21. 1982 - 3.25
DEC 09 -9.00 MAR 05 -17.46 MAR 13. 1969 -11.80 MAR 08. 1983 - 9.08
APR 06. 1952 -16.92 APR 02 -17.29 OCT 07 -2.58 SEP 19 - 2.65
DEC 07 -7.75 30 -16.77 MAR 10 -11.14 MAR 08. 1984 - 7.70
MAR 16. 1953 -14.64 MAY 28 -12.64 OCT 07. 1970 -6.77 SEP 26 - 3.94
DEC 10 - 9.56 JUL 03 -9.80 MAR 02. 1971 -11.84 MAR 13. 1985 - 8.28
MAR 25. 1954 -16.37 31 -8.38 OCT 04 -6.12 OCT 01 - 1.22 X
DEC 02 -6.12 AUG 28 -9.05 MAR 01. 1972 -13.53 MAR 20. 1986 - 8.35
MAR 20. 1956 -17.74 SEP 24 -9.24 OCT 05 -6.73 MAR 02. 1987 - 8.62
DEC 22 -15.87 OCT 29 -6.88 MAR 02. 1973 -16.82 SEP 03 - 4.18
MAR 30. 1957 -13.70 DEC 03 -8.71 OCT 02 -5.25 MAR 21. 1988 - 8.99
SEP 23 -5.24 JAN 28. 1963 -13.03 MAR 19. 1974 -12.76 MAY 17 - 2.89 X
DEC 20 -9.87 FEB 27 -15.98 OCT 07 -12.10 JUN 17 - 4.48
APR 03. 1958 -14.77 MAR 25 -15.44 MAR 31. 1975 -17.94 JUL 25 - 3.47
DEC 23 ..a.62 APR 29 -13.28 OCT 01 -3.91 SEP 29 - 3.74
APR 11. 1959 -10.45 MAY 29 -11.15 MAR 25. 1976 -14.08 OCT 25 - 4.05
DEC 23 -11.37 JUL 01 -11.98 SEP 17 -4.00 DEC 07 - 6.37
APR 09. 1960 -15.70 30 -12.58 OCT 04 -8.96 JAN 04. 1989 - 7.27
FEB 28. 1961 -17.47 AUG 28 -11.39 MAR 23, 1977 -16.80 19 - 8.09
MAR 22 -16.90 SEP 23 -10.25 OCT 04 -17 .26 MAR 01 - 9.59
APR 25 -12.64 APR 07. 1964 -3).59 MAR 17. 1978 -19.55 APR 11 - 5.27
MAY 24 -12.37 SEP 24 -17.95 OCT 03 -4.48 MAY 10 - 6.82
JUL 05 -15.13 DEC 07 -19.43 MAR 12. 1979 -13.01 JUN 09 - 7.09

27 -15.95 MAR 19. 1965 -14.93 OCT 03 -1.78 X JUL 19 - 7.29
AUG 23 -15.94 SEP 10 -5.27 MAR 04. 1980 -10.28 AUG 29 - 7.19
SEP 25 -12.93 MAR 07. 1966 -11.89 OCT 01 -2.63 X SEP 28 - 7.31
OCT 30 -6.57 OCT 04 -4.29 MAR 03. 1981 -8.91 OCT 25 - 4.20
NOV 27 -8.60 MAR 03. 1967 -12.75 OCT 01 -3.98
DEC 27 -13.41 MAR 06. 1968 -13.27 MAR 01. 1982 -9.26

(C-34- 5) 5dca- 1 ALI. 6.5~

MAR 13. 1985 -27.65 MAR 21. 1988 -29.66 JAN 04. 1989 -25.56 AUG 29. 1989 -24.14
OCT 01 -3).70 MAY 17 -2.8.95 18 -27.00 SEP 28 -24.12
MAR 20. 1986 -27.B5 JUN 17 -21.41 MAR 01 -2.8.19 OCT 25 -25.04
SEP 17 -22.68 T JUL 25 -3).59 MAY 10 -1).82
MAR 02. 1987 -28.20 SEP 29 -19.62 JUN 20 -27.49
SEP 03 -23.39 OCT 25 -21.73 JUL 19 -25.69
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Table 7. --Water levels in selected wells in th=
upper Sevier River basin--continued

(C-34- 5) Badb- 2 ALL 6,535

SEP 09, 1935 -13.62 NOV 14. 1941 -12.90 OEC 23. 1958 -16.18 DEC 07. 1964 -19.43
OCT 12 -15.29 DEC 03 -14.75 APR 11. 1959 -18.29 MAR 19. 1965 -20.66
JAN 27. 1936 -18.79 MAR 17. 1942 -18.52 DEC 23 -18.11 SEP 10 -13.93
APR 20 -17.52 MAY 09 -17.80 APR 09. 1960 -19.19 MAR 07. 1966 -18.32
JUN 17 -14.57 JUN 29 -11.80 JAN 06. 1961 -19.71 OCT 04 -14.59
AUG 04 -14.71 AUG 08 -10.20 FEB 28 -20.07 MAR 03, 1967 -19.23
SEP 28 -17 .03 SEP 05 -9.40 MAR 22 -19.80 OCT 24 -15.30
NOV 26 -19.65 DEC 17 -15.34 APR 25 -19.55 MAR 06, 1968 -14.90
FEB 09, 1937 -20.15 JAN 14. 1943 -16.80 MAY 24 -19.01 SEP 30 -13.15
MAR 27 -20.12 MAR 11 -18.12 JUL 05 -18.90 MAR 14, 1969 -14.79
JUN 07 -14.48 DEC 15 -16.70 27 -18.86 OCT 07 -13.72
AUG 24 -9.95 MAR 18. 1944 -18.17 AOO 23 -18.57 MAR 10. 1970 -14.82
SEP 26 -11.77 DEC 03 -14.20 SEP 25 -18.34 OCT 07 -14.74
DEC 07 -16.75 APR 03. 1945 -17.61 OCT 30 -18.80 MAR 02, 1971 -18.35
FEB 22, 1938 -19.40 DEC 07 -16.14 NOV 27 -19.24 OCT 04 -14.59
APR 12 -19.40 MAR 20, 1946 -18.35 DEC 27 -19.67 MAR 01. 1972 -14.68
JUL 15 -9.95 DEC 16 -17 .55 FEB 01. 1962 -20.15 OCT 05 -15.04
AUG 24 -9.68 MAR 26. 1947 -19.30 MAR 05 -20.16 MAR 02. 1973 -15.20
OCT 06 -12.81 DEC 10 -15.60 APR 02 -20.15 OCT 02 -10.15
DEC 19 -17.12 MAR 16. 1948 -17.85 30 -19.54 MAR 19. 1974 -13.58
MAR 02. 1939 -19.46 JUL 20 -11.58 MAY 28 -18.15 OCT 07 -11.90
APR 21 -19.08 DEC 10 -15.15 JUL 03 -16.24 MAR 31. 1975 -15.25
AUG 21 -10.74 APR 03. 1949 -17.87 31 -15.61 OCT 01 -10.68
OCT 18 -13.42 DEC 10 -13.73 A0028 -15.23 MAR 25. 1976 -17.24
DEC 07 -16.68 MAR 29. 1950 -16.51 SEP 24 -15.26 OCT 04 -11.83
MAR 25, 1940 -19.20 DEC 09 -15.40 OCT 29 -16.31 MAR 23, 1977 -18.35
AUG 05 -13.45 MAR 26. 1951 -17.18 DEC 03 -17.54 OCT 04 -18.12

28 -15.20 DEC 09 -18.75 26 -18.25 MAR 12. 1978 -18.50 T
OCT 25 -16.90 APR 06. 1952 -18.44 JAN 28. 1963 -19.04 17 -20.20
NOV 14 -17.80 DEC 07 -14.58 FEB 27 -19.33 OCT 03 -14.39

28 -18.10 MAR 16. 1953 -16.67 MAR 25 -19.54 MAR 12, 1979 -18.50
DEC 07 -18.43 DEC 10 -17.01 APR 29 -19.58 OCT 03 -10.62 T
JAN 03. 1941 -18.90 MAR 25. 1954 -18.01 MAY 29 -19.30 MAR 04. 1980 -17.10 T

28 -19.20 DEC 02 -17.61 JUL 02 -18.57 OCT 01 -9.99 T
MAR 00 -19.80 DEC 04. 1955 -18.80 30 -17.99 MAR 03. 1981 -16.05

21 -19.77 MAR 20. 1956 -18.60 A0028 -17 .87 OCT 01 -10.11 T
JUN 10 -14.90 DEC 21 -19.66 SEP 23 -18.20 MAR 01, 1982 -15.99 T
JUL 03 -12.50 MAR 30. 1957 -20.07 DEC 04 -19.16 SEP 21 -9.46
AUG 25 -10.00 DEC 20 -17.13 APR 07, 1964 -20.59 MAR 08. 1983 -15.54 T
SEP 20 -10.20 APR 03. 1958 -17.60 SEP 24 -17.95

(C-34- 5)10bab- 1 ALI. 6.570

NOV 01. 1988 -12.97 MAY 10, 1989 -18.39 JUL 20, 1989 -17.49 SEP 28. 1989 -17.84
APR 12. 1989 -18.42 JUN 09 -17 .76 AUG 29 -17.52 OCT 25 -17.20

(C-34- 5)lObbb- 1 ALT. 6,554

JUL 30, 1963 -7.99 SEP 28. 1988 -9.22 MAR 01, 1989 -4.48 OCT 26, 1989 -2.57
MAY 18, 1988 -11.50 NOV 03 -9.55 APR 11 -14.60

(C-34- 5)16adC- 1 ALl. 6,587

OCT 10, 1961 -45.50 SEP 28, 1988 -24.50 JAN 18. 1989 -36.35 OCT 25, 1989 -34.90
MAY 17, 1988 -43.09 NOV 03 -27 .93 APR 11 -42.39

(C-34- 5)21adc- 1 ALT. 6.570

OCT 03, 1961 -23.98 APR 30, 1962 -26.86 DEC 03, 1962 -22.35 JUL 01, 1963 -22.42
30 -22.43 MAY 28 -23.34 26 -23.51 30 -22.10

NOV 27 -22.97 JUL 03 -14.12 JAN 28. 1963 -24.70 AUG 28 -21.71
DEC 27 -24.53 31 -13.43 FEB 27 -25.69 SEP 23 -22.93
FEB 01, 1962 -25.85 AUG 28 -13.85 MAR 25 -26.40 OCT 26, 1988 -16.34
MAR 05 -26.76 SEP 24 -17 .49 APR 29 -25.46
APR 02 -27.16 OCT 29 -20.22 MAY 29 -23.46
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Table 7.--Water levels in selected hells in the
upper Sevier River basin--eontinued

(C-34- 5)26cbc- 1 ALT. 6.6«:1

MAY 18. 1988 -31.85 OCT 25, 1988 -25.07 APR 14, 1989 -32.73 SEP 28. 1989 -27.54
JUN 15 -17.68 DEC 08 -2.8.75 MAY 10 -28.67 OCT 24 -2.8.73
JUL 26 -16.70 JAN 04. 1989 -1>.33 JUN 07 -23.82
SEP 01 -21.29 19 -31.67 JUL 18 -23.95

29 -22.11 FEB 28 -34.12 110029 -26.09

(C-36- 5)28bdc- 1 ALI. 6.870

JUL 31. 1962 -5.37 MAR 07. 1966 -5.87 OCT 12, 1977 -4.23 SEP 03, 1987 - 2.60
AOO 28 -5.55 OCT 04 -5.61 MAR 20, 1978 -4.83 MAR 21, 1988 - 5.32
SEP 24 -5.47 MAR 03, 1967 -5.81 OCT 02 -2.00 MAY 18 - 1.87
OCT 29 -5.16 OCT 24 -4.07 MAR 27, 1979 -2.32 JUN 15 - 2.90
DEC 03 -5.27 MAR 05, 1968 -4.58 OCT 03 -4.63 JUL 28 - 3.69

26 -5.30 OCT 01 -3.55 MAR 04, 1980 -3.55 SEP 22 - 2.71
JAN 28, 1963 -5.85 OCT 16, 1969 -4.12 OCT 03 -1.73 OCT 25 - 3.85
FEB 27 -6.09 OCT 22. 1970 -4.07 MAR 03. 1981 -5.65 DEC 08 - 4.60
MAR 25 -6.04 MAR 03. 1971 -5.75 OCT 08 -3.05 FEB 28. 1989 - 4.96
APR 29 -5.85 OCT 21 -5.00 MAR 01. 1982 -5.19 MAR 16 - 4.08
MAY 28 -5.10 FEB 29. 1972 -5.85 SEP 21 -2.93 APR 11 - 4.66
JUL 01 -5.45 OCT 05 -3.06 MAR 08. 1983 -4.55 MAY 10 - 2.18
JUL 30 -5.88 OCT 02. 1973 -2.53 SEP 26 -3.70 JUN 22 - 3.57
AUG 28 -5.60 MAR 18. 1974 -5.44 MAR 12. 1984 -5.46 JUL 18 - 4.04
SEP 23 -5.58 OCT 08 -2.47 SEP 27 -3.21 AUG 29 - 3.07
APR 07. 1964 -6.17 APR 01. 1975 -5.49 MAR 03. 1985 -5.60 SEP 28 - 3.16
SEP 24 -4.50 OCT 02 -2.49 SEP 26 -2.15 OCT 25 - 2.79
DEC 07 -4.98 MAR 12. 1976 -5.74 MAR 06. 1986 -3.66
MAR 19. 1965 -5.84 OCT 07 -2.25 SEP 04 -3.50
SEP 10 -4.72 MAR 02. 1977 -5.32 MAR 25. 1987 -4.29

(C-36- 5)31cbd- 1 ALI. 7.(9)

MAY 27. 1981 -22.63 SEP 01. 1988 -20.47 FEB 28. 1989 -31.14 JUL 18, 1989 -27.63
JAN 05. 1988 -29.44 27 -20.12 APR 11 -25.99 A0029 -27.98
JUN 15 -20.75 OCT 25 -22.06 MAY 10 -19.82 SEP 28 -29.19
JUL 28 -23.36 JAN 19. 1989 -29.98 JUN 21 -23.14 OCT 25 -2.8.23

(C-37- 5)l9cad- 1 ALT. 7.113

JUL 09. 1973 -5.0 R SEP 27. 1988 -9.49 MAR 16. 1989 -8.25 110O 29. 1989 -9.69
JUN 15. 1988 -15.53 T OCT 25 -9.55 APR 11 -8.35 SEP 28 -9.91
AOO 01 -2.8.40 DEC 08 -9.40 MAY 10 -8.55 OCT 25 -9.90
SEP 01 -10.21 JAN 19. 1989 -9.26 JUN 07 -8.82

East Fork Sevier River drainage area

(C-26- l)23ddb- 2 ALT. 6.872

SEP 29. 1936 +13.50 DEC 03. 1941 +13.00 DEC 04. 1955 +11.50 NOV 01. 1960 +12.15
NOV 27 +13.90 110O 09. 1942 +13.40 MAR 20, 1956 +11.80 JAN 06. 1961 +11.80
APR 09, 1937 +14.15 DEC 08 +13.30 DEC 04 +11.70 FEB 24 +11.30
110O 02 +14.30 DEC 16. 1943 +12.50 MAR 11, 1958 +12.40 MAR 20 +12.15
SEP 25 +13.75 DEC 05, 1944 +13.20 MAY 08 +12.30 APR 21 +12.40
DEC 08 +13.45 DEC 07. 1945 +13.30 JUL 07 +13.80 MAY 23 +12.00
FEB 23. 1938 +13.20 DEC 16. 1946 +12.60 SEP 05 +11.80 JUL 03 +13.10
APR 11 +13.95 DEC 11, 1947 +13.10 NOV 07 +12.20 27 +12.80
JUN 05 +13.90 MAR 17, 1948 +13.00 JAN 05. 1959 +10.50 110O 25 +12.65
AUG 24 +13.80 DEC 12 . +12.80 MAR 02 +11.10 SEP 27 +12.60
OCT 07 +13.65 DEC 10. 1949 +13.30 MAY 01 +11.20 OCT 31 +12.60
DEC 20 +13.80 MAR 29. 1950 +13.00 13 +11.50 NOV 28 +12.10
MAR 01. 1939 +13.80 DEC 09 +12.20 JUL 02 +15.10 DEC 28 +12.40
APR 18 +13.80 MAR 26. 1951 +12.50 SEP 02 +14.00 FEB 02. 1962 +12.30
AUG 21 +11.80 DEC 09 +12.30 NOV 02 +13.75 MAR 06 +12.15
OCT 18 +12.45 APR 06, 1952 +12.40 JAN 06, 1960 +12.40 30 +12.10
DEC 06 +12.90 DEC 07 +13.30 MAR 24 +11.60 MAY 01 +11.80
MAR 25. 1940 +12.50 MAR 16. 1953 +12.50 MAY 11 +11.50 JUN 01 +11.90
DEC 05 +12.70 DEC 15 +12.40 JUL 12 +13.20 JUL 05 +13.50
MAR 20. 1941 +12.80 DEC 01, 1954 +11.90 SEP 16 +12.90 26 +14.20
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Table 7.--Water levels in selected lItells in the
upper Sevier River basin-~tinued

(C-26- 1)23ddb- 2 -Cont;nued

JIlJG 31, 1962 +13.00 MAR 18, 1965 +10.30 OCT 03, 1973 +11.00 MAR 02, 1982 -+8.20
SEp·26 +12.20 SEP 13 +10.70 MAR 22, 1974 +11.30 SEP 30 +7.70
OCT 31 +12.10 MAR 08. 1966 +10.60 OCT 11 +10.50 MAR 02. 1983 -+8.10
IEC 05 +11.10 OCT 05 +11.20 MAR 12. 1975 +10.40 SEP 27 -+9.10

27 +11.50 MAR 02, 1967 +10.70 OCT 06 +11.50 MAR 13. 1984 +10.70
.»\N 29, 1963 +11.40 NOV 14 +11.60 MAR 24, 1976 +10.80 SEP 27 -+9.00
1of\R0l +11.10 MAR 20, 1968 +11.30 OCT 06 +10.60 MAR 12, 1985 +10.00

26 +11.10 OCT 08 +11.80 MAR 09. 1977 -+9.90 SEP 30 +10.90
APR )J +10.60 APR 16. 1969 +11.40 OCT 05 +10.60 MAR 12, 1986 +10.40
~Y 27 +10.80 OCT 22 +17.00 MAR 17. 1978 +10.50 SEP 16 +10.50
.lJN 28 +11.10 MAR 27, 1970 +11.30 OCT 10 -19.20 MAR 18. 1987 -+9.90
.lJL 29 +10.80 SEP 09 +13.80 MAR 26, 1979 -19.45 SEP 10 -+9.30
JIlJG29 +10.50 MAR 10, 1971 +10.90 OCT 02 +10.20 MAR 23. 1988 -+8.30
SEP 23 +10.50 OCT 18 +10.50 MAR 05, 1980 -19.60 SEP 28 -+8.90
APR 00, 1964 +10.00 MAR 02, 1972 +10.70 OCT 03 -+6.20 MAR 15, 1989 +10.20
SEP25 +10.20 OCT 06 +10.70 MAR 10, 1981 -+8.90 SEP 27 +11.60
IEC III +11.00 MAR 07, 1973 +10.40 OCT 07 +7.30 OCT 24 +11.70

(C-26- 1)25acc- 1 ALI. 6,863

NOV 23, 1935 +16.80 MAR 16, 1953 +17.00 MAR 30, 1962 +15.90 OCT 06. 1972 +15.60
APR 22, 1936 +17.10 DEC 10 +16.50 MAY 01 +15.80 MAR 07, 1973 +15.30
AUG 05 +17 .10 MAR 25. 1954 +16.80 JUN 01 +16.40 OCT 03 +15.00
SEP 29 +17.50 DEC 01 +16.40 JUL 05 +16.10 MAR 22. 1974 +15.20
NOV 27 +17.80 DEC 04. 1955 +15.70 26 +16.10 OCT 11 +13.40
APR 09. 1937 +17.70 DEC 04, 1956 +16.40 AlJG 31 +16.10 MAR 12, 1975 +14.70
JUN 08 +18.00 MAR 11, 1958 +17.10 SEP 26 +15.50 OCT 06 +15.30
AlJG 02 +18.00 MAY 08 +16.50 OCT 31 +15.70 MAR 24. 1976 +15.10
SEP 25 +17.90 JUL 07 +16.00 DEC 05 +15.40 OCT 06 +14.90
DEC 08 +18.05 SEP 05 +15.90 JAN 27. 1963 +15.60 MAR 09. 1977 +13.30
APR 11. 1938 +18.00 NOV 07, 1958 +15.60 JAN 29 +15.60 OCT 05 +14.35
JUN 05 +17.80 JAN 05, 1959 +14.40 MAR 01 +15.10 MAR 17. 1978 +13.00
AUG 24 +17.90 MAR 02 +16.00 26 +15.40 OCT 10 +12.60
DEC 20 +18.25 MAY 01 +16.20 APR 30 +15.20 MAR 26, 1979 +12.80
APR 18, 1939 +18.50 JUL 02 +17.70 MAY 27 +15.20 OCT 02 +14.60
AUG 21 +17.80 SEP 02 +18.00 JUN 28 +15.30 MAR 05. 1980 +13.30
OCT 18, 1939 +17.60 NOV 02 +17.80 JUL 26 +15.00 OCT 03, 1980 +11.90
DEC 06 +17.70 JAN 06. 1960 +16.60 AlJG29 +15.30 MAR 10. 1981 +12.80
MAR 25, 1940 +18.20 MAR 24 +16.50 SEP 23 +14.90 OCT 07 +15.10
DEC 06 +17.30 MAY 11 +15.50 APR 08, 1964 +14.50 MAR 02, 1982 +12.80
MAR 20, 1941 +17.30 JUL 12 +16.20 SEP 25 +16.10 SEP 30 +11.60
DEC 03 +17.60 SEP 16 +16.50 DEC 08 +15.80 MAR 02, 1983 +12.40
AUG 09, 1942 +12.80 NOV 01 +16.50 MAR 18, 1965 +15.30 SEP 27 +13.10
DEC 18 +13.10 JAN 06, 1961 +16.50 SEP 13 +15.30 MAR 13, 1984 +14.70
DEC 16. 1943 +14.80 FEB 24 +16.40 MAR 08. 1966 +15.40 SEP 27 +12.80
DEC 05, 1944 +15.00 MAR 20 +16.80 OCT 05 +16.30 MAR 12, 1985 +11.10
DEC 07. 1945 +15.90 APR 21 +16.80 MAR 02. 1967 +15.80 SEP 30 +13.40
MAR 21, 1946 +15.50 MAY 23 +15.90 NOV 11 +16.00 MAR 12, 1986 +11.70
DEC 16 +15.80 JUL 03 +16.20 MAR 20, 1968 +13.80 SEP 16 +12.50
DEC 11. 1947 +16.40 27 +15.90 OCT 08 +15.50 MAR 18. 1987 +11.30
MAR 17, 1948 +16.10 AlJG 25 +16.20 APR 16, 1969 +13.40 SEP 10 +10.50
DEC 12 +16.30 SEP 27 +16.40 OCT 22 +14.70 MAR 23. 1988 +10.50
DEC 10. 1949 +17.00 OCT 31 +16.40 MAR 27. 1970 +16.10 SEP 28 +10.30
MAR 29, 1950 +17.00 NOV 28 +16.40 SEP 09 +15.00 OCT 28 +11.00
DEC 09 +16.50 DEC 28 +16.40 MAR 10. 1971 +16.00 MAR 15, 1989 +11.20
MAR 26. 1951 +16.90 FEB 02. 1962 +16.60 OCT 18 +15.20 SEP 27 +11.70
DEC 09 +16.90 MAR 06 +16.20 MAR 02, 1972 +15.90 OCT 24 +11.50
DEC 07. 1952 +17.50

(C-27- l)lOdab- 1 ALT. 6,790

AUG 10. 1988 +7.35 MAR 15. 1989 +5.56 JUL 21. 1989 -+6.06
SEP 30 +7.33 APR 15 +4.30 SEP 27 +4.70
OCT 28 +7.82 JUN 20 -+6.44 OCT 21 +4.55
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Table 7.--Water levels in selected wells in the
upper Sevier River basin--eontinued

(C-27-1)16aab-1 ALT. 6.830

AUG 04, 1988 -24.30 APR 15. 1989 -24.22 JUN 20. 1989 -26.35 SEP 27. 1989 -28.70
JAN 20, 1989 -19.77 MAY 12 -25.39 AUG 29 -27.88 OCT 21 -29.36
MAR 02 -21.99

(C-27-1)27abc-2 ALI. 6,739

APR 09. 1937 +3.24 MAR 20, 1956 +2.27 AUG 29. 1962 +2.02 OCT 10, 1974 +2.65
AUG 02 -+4.25 MAR 11, 1958 +2.82 SEP 25 +2.19 MAR 12, 1975 +3.25
SEP 25 -+4.43 MAY 08 +2.50 OCT 31 +2.23 OCT 06 -+4.32
DEC 08 +4.39 JUL 07 +2.72 DEC 04 +2.27 MAR 24, 1976 -+4.00
FEB 23, 1938 +4.16 SEP 05 +3.08 27 +2.28 OCT 06 +3.23
AUG 24 -+4.65 NOV 07 +3.22 JAN 28, 1963 +2.25 MAR 09, 1977 +3.10
DEC 20 +5.33 JAN OS, 1959 +3.39 MAR 01 +2.25 OCT 05 +2.41
MAR 01, 1939 -+4.61 MAR 02 +3.22 26 +2.20 MAR 17, 1978 -+4.10
APR 18 +4.35 MAY 01 +3.20 APR 30 +2.32 OCT 10 +1.51
AUG 21 +3.87 JUL 02 +2.65 MAY 27 +2.02 MAR 26, 1979 +1.60
OCT 18 -+4.02 SEP 02 +2.22 JUN 28 +1.77 OCT 02 +2.65
DEC 06 +3.84 NOV 02 +2.35 JUL 29 +1.62 MAR OS, 1980 +2.40
MAR 25, 1940 +3.45 JAN 06, 1960 +1.65 AUG 29 +1.59 OCT 03 +4.10
DEC 06 +3.39 MAR 24 +1.75 SEP 22 +1.57 MAR 10, 1981 +3.40
MAR 26, 1941 +3.78 MAY 11 +1.63 DEC 04 +1.58 OCT 07 +4.10
DEC 11 +4.80 JUL 12 +1.16 APR 08, 1964 +1.55 MAR 02, 1982 +2.93
AUG 09, 1942 -+4.79 SEP 16 +1.45 SEP 25 +1.25 SEP 30 +3.00
DEC 18 -+4.35 NOV 01 +1.51 DEC 08 +1.55 MAR 02, 1983 +2.90
DEC 16, 1943 +3.32 JAN 06, 1961 +1.43 MAR 18, 1965 +1.55 SEP 27 +3.60
DEC OS, 1944 -+4.40 FEB 24, 1961 +1.58 SEP 13 +1.55 MAR 13, 1984 -+4.14
DEC 07, 1945 -+4.90 MAR 20 +1.67 MAR 08, 1966 +2.65 SEP 27 +3.50
DEC 16, 1946 -+4.10 APR 21 +1.77 OCT 05 +2.15 MAR 12, 1985 +3.90
MAR 26. 1947 +3.38 MAY 23 +1.73 MAR 02, 1967 +1.75 SEP 30 +5.50
DEC 11 -+4.60 JUL 03 +1.43 NOV 14 +1.14 MAR 12, 1986 +4.40
MAR 16, 1948 +3.47 27 +1.38 MAR 20, 1968 +1.85 SEP 16 +5.00
DEC 13 -+4.33 AUG 25 +1.53 OCT 08 +2.95 MAR 18, 1987 +3.80
APR 03, 1949 +3.85 SEP 27 +1.72 APR 16, 1969 +1.95 SEP 10 +3.79
DEC 10 +4.53 OCT 31 +1.76 OCT 22 -+4.65 MAR 23, .1988 +3.12
MAR 29, 1950 -+4.50 NOV 28 +1.76 MAR 27, 1970 +3.90 MAY 19, 1988 +3.26
DEC 09 +3.87 DEC 28 +1.77 SEP 09 -+4.20 SEP 28 +2.81
MAR 06. 1951 +3.55 FEB 02, 1962 +1.75 MAR 10, 1971 +4.40 MAR 02, 1989 +2.99
DEC 09 +4.18 MAR 06 +1.78 OCT 05 -+4.35 APR 15 +2.90
APR 06, 1952 +2.69 30 +1.67 MAR 02, 1972 +4.34 MAY 12 +2.80
DEC 07 +3.84 MAY 01 +1.73 OCT 06 +4.05 JUN 20 +2.20
MAR 16, 1953 +3.22 JUN 01 +1.89 MAR 07, 1973 +2.70 JUL 21 +2.08
DEC 10 +3.93 JUL 05 +1.95 OCT 01 +3.40 AUG 29 +2.04
DEC 04, 1955 +2.25 26 +1.96 MAR 22, 1974 +3.60 OCT 20 +2.45

(C-30-2)28bdc-1 ALI. 6,400

SEP 21, 1982 -52.71 T SEP 27, 1984 -4).28 T SEP 17, 1986 -52.22 T MAY 19, 1988 -42.97
MAR 02, 1983 -45.40 MAR 12, 1985 -!il.95 MAR 18, 1987 -44.93 T SEP 28 -52.49 T
SEP 26 -45.40 T OCT 14 -51.39 SEP 10 -53.21 T MAR 01, 1989 -42.65
MAR 08, 1984 -4).89 MAR 06, 1986 -46.57 T MAR 23, 1988 -42.40 T SEP 27 -56.82
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Table 7.--Water levels in selected wells in the
upper sevier River basin-<ontinued

(C-3O-2)34bcc-1 All. 6.370

SEP 24. 1957 -12.55 SEP 25. 1962 -12.32 MAR 04. 1968 -14.18 MAR 05. 1980 -11.85
DEC 20 -13.40 OCT 30 -12.66 OCT 03 -13.61 OCT 01 -10.66 T
APR 09. 1960 -14.45 DEC 04 -13.05 MAR 12. 1969 -11.68 MAR 03. 1981 -11.70 T
FEB 28. 1961 -14.00 27 -13.50 OCT 09 -11.43 OCT 01 -9.75 T
MAR 20 -13.91 JAN 29. 1963 -13.67 MAR 11. 1970 -12.38 MAR 02. 1982 -12.00 T
APR 21 -13.88 FEB 28 -13.44 OCT 06 -11.37 SEP 21 -11.84
MAY 24 -11.52 MAR 26 -13.80 MAR 12. 1971 -13.55 MAR 02. 1983 -11.67
JUL 05 -12.53 APR 30 -13.36 OCT 05 -12.10 SEP 26 -10.00

27 -11.12 MAY 27 -11.91 MAR 02. 1972 -13.61 MAR 08. 1984 -12.11 T
AUG 23 -12.56 JUL 01 -12.49 OCT 06 -12.90 SEP 27 -8.89 T
SEP 27 -13.66 31 -12.03 MAR 08. 1973 -14.34 MAR 12. 1985 -11.58 T
OCT 31 -13.11 AUG 28 -12.42 OCT 01 -13.12 SEP 30 -9.00 T
NOV 28 -13.27 SEP 24 -12.85 MAR 20. 1974 -14.96 MAR 06. 1986 -11.29 T
DEC 27 -13.38 APR 08. 1964 -13.64 MAR 31. 1975 -14.90 SEP II -9.98 T
FEB 01. 1962 -13.59 SEP 24 -10.90 OCT 08 -14.29 MAR lB. 1987 -11.51
MAR 06 -14.65 DEC 07 -13.76 MAR 24. 1976 -14.12 SEP 10 -10.19 T

30 -13.95 MAR 18. 1965 -13.85 OCT 01 -13.89 MAR 23. 1988 -11.66 T
APR 30 -12.88 SEP 13 -11.84 MAR 01. 1977 -13.56 MAY 19 -11.49
JUN 07 -11.46 MAR 08. 1966 -13.36 MAR ll. 1978 -12.82 SEP 28 -7.55
JUL 05 -11.16 OCT 04 -11.59 OCT 10 -11.56 MAR 01. 1989 -11.55

31 -10.69 MAR 02. 1967 -13.23 MAR 12. 1979 -13.20 T
AUG 29 -11.72 OCT 24 -14.82 OCT 01 -9.26 T

(C-31-2)lOdad-1 ALT. 6.540

MAR 01. 1989 -152.47 MAY 12. 1989 -152.48 JUL 19. 1989 -152.52 SEP 27. 1989 -152.46
APR 15 -152.60 JUN 08 -152.46 AUG 29 -152.47 OCT 26 -152.27

(C-33-2)3dab-1 ALI. 7.215

AUG 02. 1988 -38.43 JAN 20. 1989 -38.57 JUN 22. 1989 -38.84 OCT 26. 1989 -l}.15
30 -37.50 MAR 01 -38.68 JUL 19 -l}.02

OCT 27 -38.16 APR 12 -l}.21 AUG 29 -37.06
DEC 08 -38.60 MAY 17 -38.78 SEP 27 -l}.15

(C-33-2)22aab-1 ALT. 7.225

AUG 29. 1962 -10.58 OCT 04 -10.59 OCT 03 -6.59 MAR 14. 1985 -3.09
SEP 25 -10.73 MAR 02. 1967 -10.23 MAR 26. 1976 -9.12 SEP 26 -3.39
OCT 30 -10.76 SEP 13 -10.71 OCT 01 -6.69 MAR 06. 1986 -2.80
DEC 04 -10.78 APR ll. 1968 -8.27 MAR 23. 1977 -8.03 SEP 04 -3.90
JAN 31. 1963 -10.96 OCT 03 -9.31 OCT 03 -9.12 MAR 25. 1987 -3.58
FEB 28 -10.08 APR 16. 1969 -7.87 MAR 20. 1978 -9.03 SEP 10 -3.90
MAR 25 -10.58 OCT 09 -7.41 OCT 02 -8.73 MAR 21, 1988 -4.75
APR 25. 1963 -10.70 MAR 11. 1970 -7.59 OCT 05. 1979 -6.82 SEP 22. 1988 -4.18
MAY 28 -9.93 OCT 07 -7.45 OCT 03. 1980 -4.75 OCT 27 -4.18
JUL 01 -10.79 APR 07. 1971 -7.96 MAR 03. 1981 -4.28 JAN 20. 1989 -4.31

31 -11.21 OCT 05. 1971 -8.00 OCT 01 -4.80 MAR 01 -4.10
AUG 28 -11.16 MAR 02. 1972 -7.99 MAR 01. 1982 -3.88 APR 12 -4.26
SEP 24 -11.25 OCT 05 -8.84 SEP 21 -4.49 MAYll -4.42
APR 08. 1964 -11.16 APR 05. 1973 -9.00 MAR 08. 1983 -3.11 JUL 19 -5.07
SEP 24. 1964 -11.59 OCT 01 -7.33 SEP 26. 1983 -3.74 AUG 29 -5.16
MAR 19. 1965 -11.86 MAR 20. 1974 -6.64 MAR 08. 1984 -3.38 SEP 27 -5.16
SEP 13 -9.93 OCT 10 -8.67 SEP 27 -3.28 OCT 25 -5.11
MAR 08. 1966 -10.50 APR 01. 1975 -9.12
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Table 7. --Water levels in selected Jitells in the
upper Sevier River basin--continued

(C-34-2)30ccc-1 ALT. 7.405

AUG 06. 1962 -82.37 SEP 10. 1965 -84.36 APR 01, 1975 -71.94 MAR 14, 1985 -53.25
29 -81.75 MAR 07, 1966 -85.77 OCT 03 -71.11 SEP 26 -50.66

SEP 25 -82.05 OCT 04 -85.39 MAR 26. 1976 -72.64 MAR 06, 1986 -52.37
OCT 30 -82.51 MAR 31, 1967 -86.96 OCT 01 -72.20 SEP 04 -54.93
DEC 04 -83.19 OCT 24 -85.09 MAR 01, 1977 -74.00 MAR 25. 1987 -53.87

27 -83.55 APR 17, 1968 -00.87 OCT 03 -77.37 SEP 03 -00.14
FEB 28. 1963 -84.56 OCT 03 -75.55 MAR 20, 1978 -82.14 MAR 21, 1988 -55.99
MAR 25 -84.83 APR 16, 1969 -78.90 OCT 02 -73.78 SEP 22 -62.81
APR 25 -83.28 OCT 08 -68.97 OCT 05, 1979 -00.70 OCT 27 -63.34
MAY 28 -78.80 MAR 11, 1970 -ffi.06 OCT 03. 1980 -43.85 DEC 07 -63.10
JUL 01 -79.20 OCT 07 -62.90 MAR 03, 1981 -47.80 MAR 16. 1989 -65.26

31 -79.98 APR 07. 1971 -71.15 OCT 01 -52.73 APR 12 -61.60
AUG 28 -00.61 OCT 04 -72.38 MAR 01. 1982 -54.95 MAY 11 -62.49
SEP 24 -81.67 MAR 02. 1972 -71.98 SEP 21 -56.00 JUN 08 -64.32
APR 08. 1964 -85.90 OCT 05 -74.74 MAR 08, 1983 -54.19 JUL 19 -65.59
SEP 24 -85.54 OCT 01. 1973 -67.24 SEP 26 -47.25 AUG 29 -ffi.49
DEC 07 -86.32 MAR 20, 1974 -62.00 MAR 08. 1984 -54.65 SEP 27 -ffi.87
MAR 19. 1965 -87.26 OCT 10 -68.55 SEP 27 -46.42 OCT 25 -67.22

(C-34-3)25OCd-1 ALT. 7.416

AUG 30. 1988 -75.75 MAR 16. 1989 -8).15 JUN 08. 1989 -8),47 SEP 27. 1989 -82.93
OCT 27 -76.91 APR 12 -00.29 JUL 19 -81.39 OCT 25 -83.50
DEC 07 -75.20 MAY 11 -00.73 AUG 29 -82.21

(C-35-4)34<X:a-1 ALT. 7.690

OCT 05. 1938 -6.50 DEC 03, 1941 -5.46 MAR 25, 1947 -5.60 MAR 15. 1953 -6.18
DEC 19 -6.69 AUG 08. 1942 -6.51 DEC 10 -7.47 DEC 08 -7.69
APR 21. 1939 -5.54 DEC 17 -6.79 JUL 20. 1948 -6.20 APR 13. 1954 -6.42
AUG 19 -7.14 MAR 10. 1943 -5.70 DEC 10 -7.12 DEC 02 -9.70
OCT 18 -6.10 DEC 14 -7.59 DEC 09, 1949 -6.36 DEC 03. 1955 -12.15
DEC 07 -6.15 MAR 18. 1944 -7.20 MAR 28. 1950 -6.12 MAR 19. 1956 -10.51
MAR 25. 1940 -5.50 DEC 03 -7.74 DEC 08 -7.31 AUG 21, 1961 -12.80
SEP 16 -8.90 APR 02. 1945 -7.05 MAR 25. 1951 -6.75 JUN 14. 1981 -6.25
DEC 07 -8.01 DEC 07 -7.11 DEC 08 -9.57 SEP 29. 1988 -6.84
MAR 21. 1941 -6.76 MAR 19. 1946 -6.47 DEC 06, 1952 -8.04 APR 13, 1989 -6.54 S
OCT 08 -6.31 DEC 15 -7.92

(C-36- 3) 6dba- 1 ALT. 7.500

DEC 15. 1946 -55.90 OCT 24 -24.10 SEP 25. 1951 -32.26 JAN 16. 1953 -'29.27
MAR 25. 1947 -62.70 NOV 08. 1949 -22.20 31 -3).81 MAR 13 -'29.70
MAY 08 -54.88 DEC 09 -22.93 AUG 05 -34.00 15 -29.30
JUN 13 -54.79 JAN 27. 1950 -28.30 14 -33.30 20 -'29.60
JUL 02 -51.12 MAR 28 -26.95 SEP 06 -31.90 27 -31.80
AUG 01 -48.14 AUG 16 -25.95 24 -32.86 APR 03 -'29.68
SEP 17 -41.90 SEP 05 -27.07 OCT 05 -32.36 13 -'29.50
OCT 04 -48.60 DEC 08 -26.36 17 -32.56 20 -]).80
NOV 06 -:!I. 50 JAN 09. 1951 -27.30 NOV 03 -31.55 27 -28.50
DEC 24. 1947 -32.70 20 -28.39 28 -31.17 MAY 05 -29.68
JAN 23. 1948 -]).30 FEB 05. 1951 -28.27 DEC 08 -31.09 DEC 08 -31.88
FEB 29 -36.30 11 -28.17 10 -31.37 APR 13, 1954 -33.48
MAR 30 -36.70 21 -28.71 JAN 16. 1952 -31.17 DEC 02 -34.49
APR 20 -33.00 MAR 03 -28.83 FEB 17 -32.01 DEC 03. 1955 -40.37
MAY 25 -37.97 08 -28.54 MAR 03 -33.30 DEC 21, 1956 -38.65
JUN 14 -43.37 21 -'29.31 09 -33.49 MAR 30. 1957 -42.01
JUL 29 -32.90 25 -29.37 19 -32.81 DEC 20 -:!I. 20
AUG 04 -33.10 28 -'29.33 27 -34.11 APR 03, 1958 -37.18
SEP 24. 1948 -31.10 APR 07 -'29.47 APR 04 -34.41 DEC 23 -45.56
OCT 04 -'29.64 16 -]).52 06 -33.21 APR 11, 1959 -:!I.41
DEC 10 -35.34 26 -29.80 29 -31.70 DEC 23 -38.62
JAN 18, 1949 -3).50 MAY 10 -'29.79 JUN 18 -32.59 APR 09, 1960 -:!l.28
FEB 07 -28.10 23 -'29.64 AUG 04, 1952 -32.30 JAN 06, 1961 -43.64
MAR 15 -26.60 JUN 02 -'29.73 NOV 06 -3).30 FEB 28 -46.48
APR 15 -33.70 JUL 05 -32.70 DEC 06 -'29.58 MAR 22 -44.33
MAY 09 -36.10 10 -38.23 12 -29.17 MAY 24 -43.14
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Table 7. --Water levels in selected wells in the
upper Sevier River basin-~tinued

(C-36-3)6dba-l--Continued

JUL 05, 1961 -51.06 MAR 25, 1963 -42.93 OCT 07, 1970 -32.60 OCT 03 -23.88 T
27 -52.43 APR 25 -42.08 MAR 03. 1971 -33.86 MAR 03, 1981 -22.83 T

AUG 23 -43.15 toV\Y28 -44.05 OCT 04 -43.52 OCT 01 -33.32 T
SEP 25 -42.15 JUL 01 -43.06 MAR 02, 1972 -34.08 MAR 01, 1982 -29.96 T
OCT 30 -41.39 31 -50.57 OCT 05. 1972 -46.98 SEP 21 -33.92
NOV 28 -41.20 AUG 28 -44.70 APR 05, 1973 -45.02 MAR 07, 1983 -26.82
DEC 27 -41.04 SEP 24 -41.77 OCT 03 . -44.20 SEP 26 -17 .25 T
FEB 01. 1962 -42.17 APR 07. 1964 -46.35 MAR 19, 1974 -13.94 MAR 12, 1984 -26.04 T
MAR 05 -46.88 SEP 24 -43.82 OCT 08 -44.19 SEP 27 -33.43 T
APR 02 -43.13 DEC 07 -42.22 APR 01. 1975 -46.10 MAR 13. 1985 -24.94 T

30 -41.82 MAR 19. 1965 -41.07 OCT 03 -46.23 SEP 26 -29.35 T
MAV28 -43.14 SEP 10 -41.88 MAR 12. 1976 -46.08 MAR 06. 1986 -29.93
JUL 06 -55.62 MAR 07, 1966 -42.20 OCT 12 -45.27 SEP 04 -35.47

31 -54.41 OCT 04 -l}.52 MAR 01. 1977 -45.67 MAR 25. 1987 -31.97 T
AUG 29 -50.24 MAR 03, 1967 -l}.03 OCT 03 -55.19 SEP 03 -37.56 T
SEP 25 -45.90 OCT 24 -l}.95 MAR 20, 1978 -13.10 MAR 21, 1988 -34.42
OCT 30 -45.03 MAR 04, 1968 -l}.44 OCT 02 -44.39 toV\Y 17 -32.48 T
DEC 04 -42.71 OCT 01 -~.5O ~22, 1979 -32.42 SEP 22 -36.24 T

27 -41.33 MAR 13. 1969 -35.70 OCT 05 -31.01 MAR 01. 1989 -35.97 T
JAN 31. 1963 -45.36 OCT 08 -34.12 MAR 04. i980 -23.58 OCT 25 -50.05 T
FEB 28 -42.12 MAR 10, 1970 -32.56

(C-36-3)7bbc-l ALl. 7.610

SEP 11. 1961 -48.0 DEC 07. 1988 -27.60 MAV 11. 1989 -28.17 AUG 29. 19m -28.!ll
SEP 19. 1981 -21.19 S JAN 19. 1989 -28.02 JUN 21 -28.54 SEP 27 -29.07
JUN 16, 1988 -27.06 MAROl -27.11 JUL 19 -28.75 OCT 25 -28.00
OCT 27 -27 .16 APR 13 -28.23

(C-36-3)7dcd-1 ALl. 7.630

JUN 13. 1981 -20.82 NOV 11. 1981 -21.72 APR 06. 1982 -21.93 SEP 15. 1982 -22.25
JUL 17 -21.13 DEC 07 -21.93 toV\V 05 -21.81 JUN 13. 1988 -20.82

25 -21.19 JAN 14. 1982 -21.99 JUN 06 -21.77 16 -22.50
SEP 17 -21.54 FEB 09 -22.17 JUL 22 -22.01 APR 13. 1989 -21.29
OCT 15 -21.59 MAR 02 -22.16 AUG 18 -22.17 OCT 25 -24.59

(C-36-3)7ddc-l ALl. 7.630

JUN 13, 1981 -20.88 JUL 25. 1981 -21.22 OCT 25. 1989 -24.78
JUL 17 -21.18 JUN 16, 1988 -22.87

(C-36-4)2dca-l ALT. 7.620

SEP 04. 1961 -41.77 APR 02. 1962 -l}.51 OCT 30. 1962 -36.43 toV\V 28. 1963 -]),20
25 -~.30 30 -36.55 DEC 04 -35.18 JUL 01 -31.98

OCT 30 -41.50 MAV28 -34.98 27 -34.46 31 -33.79
NOV 28 -42.32 JUL 06 -34.72 JAN 31. 1963 -34.44 AUG 28 -35.60
DEC 27 -42.86 31 -35.54 FEB 28 -32.65 SEP 24 -37.58
FEB 01. 1962 -43.25 AUG 29 -36.59 MAR 25 -31.27 JUN 14. 1981 -13.69
MAR 05 -42.75 SEP 25 -37.76 APR 25 -]).45 JUN 16. 1988 -18.99
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Table 7.--Water levels in selected wells in the
upper Sevier Ritler basin--continued

(C-36-4}2dca-2 ALI. 7,620

JUN 14, 1981 -14.62 MAR 02, 1982 -21.07 SEP 15, 1982 -25.60 APR 13, 1989 -21.63
SEP 17 -22.15 APR 06 -19.35 JUN 16, 1988 -19.99 MAY 11 -21.03
OCT 15 -24.19 MAY 05 -17 .90 OCT 27 -28.41 JUN 21 -24.84
NOV 11 -24.57 JUN 06 -18.08 DEC 07 -:ll.2O JUL 19 -27 .04
DEC 07 -18.03 JUL 09 -20.04 JAN 05, 1989 -:ll.68 AUG 29 -29.02
JAN 14, 1982 -19.11 22 -20.89 19 -:ll.86 SEP 27 -31.57
FEB 09 -21.13 AUG 17 -23.21 MAR 01 -26.43 OCT 25 -32.95

(C-36-4}3dad-1 ALT. 7,660

JUN 16, 1988 -~.OO JAN 20, 1989 -41.26 JUN 21, 1989 -44.06 OCT 25, 1989 -43.84
SEP 29 -1).67 MAR 01 -41.40 JUL 19 -43.25
OCT 27 -1).91 APR 13 -42.64 AUG 29 -44.06
DEC 07 -<1>.75 MAY 11 -<1>.84 SEP 27 -43.64

(C-36-4}10ttxl-1 ALI. 7,670

DEC 20, 1957 -!:iL79 R JUL 27, 1961 -61.80 R SEP 25, 1962 -62.54 R MAR 03, 1982 -55.79
APR 11, 1959 -00.15 R AUG 23 -61.73 R OCT 30 -62.74 R APR 06 -55.84
DEC 23 -00.90 R SEP 25 -61.92 R DEC 04 -62.73 R MAY 05 -55.87
APR 09, 1960 -00.84 R OCT 30 -61.76 JUN 14, 1981 -56.99 JUN 06 -55.80
JAN 06, 1961 -61.33 R NOV 28 -62.05 R SEP 17 -56.74 JUL 09 -55.82
FEB 28 -61.68 R APR 30, 1962 -62.37 R OCT 15 -56.46 22 -55.84
MAR 22 -61.70 R MAY 28 -62.19 R NOV 11 -56.48 AUG 17 -55.79
APR 25 -61.65 R JUL 06 -62.36 R DEC 07 -56.45 SEP 15 -55.63
MAY 24 -61.66 R 31 -62.47 R JAN 14, 1982 -56.23 JUN 16, 1988 -51.77
JUL 05 -61.70 R AUG 29 -62.33 R FEB 10 -56.03 OCT 25, 1989 -52.56

(C-36-4)12baa-3 ALI. 7,640

JUN 15, 1981 -42.02 SEP 29, 1988 -54.70 APR 13, 1989 -53.35 OCT 25, 1989 -!:B. 19
JUL 28, 1988 -54.50

(C-36-4)34lx1a-3 ALI. 7,780

MAR 02, 1957 -6.48 OCT 01, 1957 -13.84 SEP 10, 1958 -2.61 R MAY 17, 1959 -3.41
09 -6.72 05 -13.97 15 -2.34 R 22 -3.27 R

APR 26 -6.03 R 10 -14.03 20 -2.53 R 27 -3.24
MAY 14 -6.76 R 15 -13.60 25 -2.24 R JUN 01 -3.23

18 -7.02 R 20 -13.24 30 -2.42 05 -3.18 R
27 -6.64 OCT 23 -12.54 OCT 05 -2.47 10 -3.17

JUN 03 -7.62 29 -11. 73 R 10 -2.50 15 -3.09
17 -8.90 NOV 22 -9.33 R 15 -2.49 20 -3.01
22 -8.58 25 -9.13 20 -2.48 25 -2.90
27 -9.17 27 -9.10 25 -2.39 30 -2.76
30 -9.58 DEC 05 -a.36 OCT 30 -2.53 JUL 05 -2.45 R

JUL 01 -9.72 JAN 03, 1958 -7.34 R NOV 05 -2.62 10 -2.66
05 -10.30 MAR 03 -7.10 10 -2.51 R 15 -2.60 R
10 -10.96 APR 22 -1.30 R 15 -2.47 20 -2.54
15 -11.43 JUN 20 -2.37 R 20 -2.45 25 -2.48
20 -11.83 R 25 -2.40 R 25 -2.45 31 -2.47 R
25 -12.24 30 -2.48 R 30 -2.50 AUG 05 -2.50
30 -12.56 JUL 01 -2.48 R DEC 05 -2.44 R 10 -2.30 R

AUG 01 -12.60 05 -2.48 09 -2.86 15 -2.33 R
05 -12.78 10 -2.58 MAR 12, 1959 -2.86 R 20 -2.24 R
10 -12.99 15 -2.53 17 -2.92 R 25 -2.15
15 -13.14 20 -2.56 22 -3.11 31 -2.04
20 -13.25 25 -2.48 27 -3.23 SEP 05 -2.25
25 -13.28 R JUL 31, 1958 -2.55 R APR 01 -3.25 R 10 -2.20 R
30 -13.37 R AUG 05 -2.58 R 05 -3.26 R 15 -2.34

SEP 01 -13.47 R 10 -2.58 10 -3.29 20 -2.31 R
05 -13.86 R 15 -2.63 15 -3.27 25 -2.31 R
15 -13.20 R 20 -2.75 20 -3.29 30 -2.28
20 -13.66 R 25 -2.46 R 23 -3.38 R APR 27, 1960 -4.03 R
25 -13.65 31 -2.53 R MAY 07 -3.38 R MAY 12 -4.16 R
30 -13.82 R SEP 05 -2.63 12 -3.48 17 -4.17
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Table 7.-Water levels in selected wells in the
upper Sevier River bas~~tinued

(C-36- 4)34bda- 3--Continued

MAY 22. 1960 -4.23 MAY 05. 1961 -4.45 R JUL 25 -1.92 R SEP 17 -3.89 R
27 -4.27 R 10 -4.45 SEP 18. 1983 -1.50 R 18 -3.90 R

JUN 01 -4.25 15 -4.51 JUL 08. 1984 -2.29 R 19 -3.92 R
05 -4.24 20 -4.31 15 -2.00 R 22 -3.94 R
10 -4.26 R 25 -4.40 R AUG 05 -1.90 R 24 -4.00 R
15 -4.27 R 31 -4.46 R SEP 02 -2.11 R 27 -3.79 R
20 -4.27 R JUN 05 -4.53 R 09 -2.19 R 30 -3.69 R
25 -4.27 R 10 -4.57 R 23 -2.27 R OCT 03 -3.71 R
30 -4.27 15 -4.60 APR 23. 1985 -1.17 R 06 -3.69 R

JUL 05 -4.27 R 23 ~.67 JUL 05 -1.83 R 07 -3.50 R
10 -4.29 28 ~.43 R 12 -1.79 R 08 -3.50 R
15 -4.32 R JUL 05 ~.86 R JUL 29. 1985 -1.56 R 09 -3.50 R
20 -4.39 12 -7.05 R AUG 09 -1.75 R 14 -3.50 R
25 -4.36 JUL 18. 1961 -7.08 APR 21. 1986 -2.62 R 15 -3.46 R
31 -4.25 28 ~.5O R 25 -2.67 R 16 -3.46 R

AUG 05. 1960 -4.30 AUG 02 ~.88 R 28 -2.71 R 17 -3.46 R
10 -4.28 R 18 ~.89 R MAY 01 -2.77 R 20 -3.46 R
15 -4.27 25 ~.74 R 05 -2.79 R 21 -3.42 R
20 -4.28 R 28 ~.65 R 07 -2.81 R 22 -3.42 R
25 -4.26 R SEP 06 ~.03 08 -2.82 R 23 -3.42 R
31 -4.26 R 14 -5.71 R 12 -2.86 R 24 -3.42 R

SEP 05 -4.25 R 26 -5.05 R 14 -2.96 R 27 -3.69 R
10 -4.25 OCT 12 -5.00 R 15 -3.12 R NOV 10 -3.58 R
15 -4.22 NOV 06 -4.80 16 -3.00 R 17 -3.75 R
20 -4.25 24 -4.78 R 19 -3.04 R 20 -3.71 R
25 -4.20 JAN 03. 1962 -4.72 R 22 -3.12 R DEC 01 -3.79 R
30 -4.22 R APR 18 -1.96 R JUN 02 -3.31 R 19 -3.96 R

OCT 05 -4.22 MAY 04 -3.20 R 05 -3.35 R JAN 27. 1987 -4.33 R
10 -4.20 JUN 05 -3.45 R 06 -3.38 R APR 13 -1.00 R
15 -4.21 R 30 -2.52 R 10 -3.44 R 21 -1.06 R
20 -4.21 R AUG 02 -2.67 R 13 -3.47 R 27 -1.10 R
25 -4.21 R 31 -2.75 R 16 -3.54 R MAY 04 -1.23 R
31 -4.23 R DEC 03 -2.74 R 18 -3.71 R 06 -1.21 R

NOV 05 -4.32 MAR 03. 1963 -3.75 R 19 -3.73 R 07 -1.33 R
10 -4.30 R APR 02 -3.45 R 20 -3.75 R 08 -1.42 R
15 -4.31 R 25 -3.77 R 23 -3.62 R 14 -1.50 R
20 -4.29 R 30 -3.67 R 24 -3.67 R 15 -1.46 R
25 -4.28 R MAY 05 -3.87 R 25 -3.69 R 18 -1.40 R
30 -4.28 R 10 -4.13 R 27 -3.71 R 20 -1.48 R

DEC 05 -4.29 15 -4.10 R 30 -3.75 R 28 -1.69 R
10 -4.30 R 20 -4.10 R JUL 02 -3.67 R JUN 01 -1. 73 R
15 -4.30 R 25 -4.17 R 03 -3.73 R 02 -1.75 R
20 -4.30 R 31 -4.37 R 07 -3.77 R 05 -1.81 R
25 -4.31 R JUN 05 -4.42 08 -3.78 R 07 -1.83 R
31 -4.32 10 -4.57 R 10 -3.79 R 10 -1.88 R

JAN 04, 1961 -4.33 R 15 -4.62 R 14 -3.81 R 12 -1.92 R
08 -4.33 20 -4.74 R 17 -3.82 R 15 -1.90 R
16 -4.33 25 -4.82 R 18 -3.83 R 16 -1.92 R
20 -4.34 30 -4.93 R 21 -3.80 R 17 -1.92 R
25 -4.34 JUL 05 -5.03 R 23 -3.71 R 18 -1.92 R
31 -4.35 10 -4.98 R 24 -3.65 R 19 -1.92 R

FEB 05 -4.36 R 15 -5.19 R 29 -3.71 R 22 -2.02 R
10 -4.38 20 -5.33 R 30 -3.73 R 24 -2.04 R
15 -4.36 25 -5.22 R 31 -3.75 R 26 -2.06 R
20 -4.37 31 -5.47 R AUG 01 -3.79 R JUL 01 -2.04 R
25 -4.37 R AUG 04 -4.46 04 -3.85 R 03 -2.06 R

MAR 01 -4.37 22 -3.45 R 07 -3.88 R 06 -2.08 R
05 -4.37 R 27 -3.62 R 11 -3.88 R 10 -2.12 R
10 -4.37 R SEP 01 -3.27 R 12 -3.85 R 15 -2.15 R
15 -4.33 R 06 -3.44 R 15 -3.79 R 21 -2.12 R
20 -4.25 R 11 -3.65 R 18 -3.81 R 23 -2.00 R
25 -4.25 R 24 -3.23 R 19 -3.83 R 27 -1.98 R
31 -4.27 R JUN 12. 1981 -2.68 21 -3.79 R 28 -1.96 R

APR 05 -4.26 R JUL 10 -3.08 R 27 -3.75 R 30 -1.94 R
10 -4.26 R 25 -3.00 R SEP 03 -3.75 R 31 -1.90 R
15 -4.28 R AUG 08 -3.58 R 04 -3.75 R AUG 03 -2.02 R
20 -4.29 R 29 -3.04 R 08 -3.79 R 10 -1.99 R
25 -4.35 R OCT 21 -3.08 R 11 -3.83 R 17 -2.01 R
30 -4.33 R JUN 13. 1982 -1.85 R 12 -3.88 R 19 -2.00 R
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Table 7. --Water levels in selected wells in th:!
upper Sevier River basin--<:ontinued

(C-36-4)34bda-3--Continued

AUG 24. 1987 -1.96 R AUG 22. 1988 -2.04 R JUN 05. 1989 -3.85 R JUL 12, 1989 -4.71 R
31 -2.00 R 25 -2.15 R 07 -3.90 R 13 -4.71 R

SEP 03 -2.04 R 29 -2.00 R 08 -3.94 R 14 -4.71 R
11 -2.06 R SEP 07 -2.00 R 09 -3.94 R 16 -4.71 R
16 -2.00 R 12 -2.08 R 12 -3.96 R 17 -4.71 R
18 -2.02 R 14 -1.94 R 13 -3.96 R 18 -4.76 R
21 -2.06 R 23 -2.00 R 14 -3.96 R 21 -4.69 R

OCT 01 -2.04 R 27 -2.00 R 16 -4.00 R 22 -4.73 R
06 -2.06 R OCT 03 -2.02 R 19 -4.05 R 24 -4.82 R
21 -2.10 R 06 -1.96 R 20 -4.08 R AUG 28 -4.76 R

NOV 05 -1.89 R 11 -2.01 R 21 -4.12 R 30 -4.79 R
APR 04, 1988 -2.00 R 13 -2.00 R 22 -4.13 R 31 -4.84 R

18 -1.42 R OCT 19 -2.06 R 23 -4.17 R SEP 01 -4.83 R
20 -1.67 R 26 -2.00 R 25 -4.17 R 11 -4.95 R
21 -1.62 R NOV 04 -2.04 R 26 -4.19 R 13 -4.96 R

~y 12 -1.81 R 10 -2.08 R 28 -4.25 R 14 -5.01 R
17 -1.73 R 23 -2.21 R 30 -4.25 R 15 -5.11 R

JUN 03 -1.94 R 30 -2.27 R JUL 02 -4.25 R 18 -5.08 R
06 -2.00 R DEC 04 -2.33 R 05 -4.36 R 19 -5.00 R
13 -2.10 R 17 -2.46 R 07 -4.42 R 20 -5.08 R
14 -2.12 R 22 -2.54 R 09 -4.35 R 21 -5.02 R
15 -2.17 R MAR 21, 1989 -2.67 R 10 -4.43 R 25 -5.14 R
16 -2.19 S APR 14 -2.94 R 11 -4.40 R 28 -5.04 R
20 -2.17 R 17 -3.00 R 12 -4.35 R OCT 02 -5.02 R
22 -2.19 R 20 -3.08 R 13 -4.42 R 06 -5.08 R
27 -2.12 R 25 -3.15 R 17 -4.46 R 11 -5.02 R
29 -2.10 R ~y 03 -3.33 R 19 -4.48 R 16 -4.94 R

JUL 05 -2.21 R 05 -3.35 R 20 -4.54 R 17 -4.93 R
JUL 06, 1988 -2.22 R 08 -3.42 R 25 -4.54 R 20 -5.00 R

07 -2.25 R 09 -3.46 R 26 -4.54 R 25 -4.79 R
11 -2.23 R 11 -3.52 R 27 -4.52 R 31 -4.83 R
12 -2.26 R 15 -3.45 R 29 -4.48 R NOV 06 -4.64 R
19 -2.29 R 17 -3.50 R 31 -4.52 R 27 -4.62 R
20 -2.33 R 19 -3.53 R AI.JG 01 -4.56 R 30 -4.70 R
27 -2.27 R 22 -3.60 R 02 -4.55 R DEC 13 -4.69 R
29 -2.21 R 23 -3.67 R 03 -4.62 R 14 -4.73 R

AI.JG 03 -2.16 R 24 -3.66 R 04 -4.59 R 18 -4.75 R
04 -2.07 R 25 -3.68 R 07 -4.70 R 27 -4.79 R
05 -2.12 R 26 -3.75 R 08 -4.67 R JAN 03, 1990 -4.82 R
12 -2.14 R 30 -3.83 R 09 -4.76 R 05 -4.88 R
15 -2.21 R JUN 01 -3.83 R 10 -4.64 R 16 -4.84 R
18 -2.17 R 02 -3.83 R 11 -4.69 R 17 -4.84 R
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Table 8.--Results of chemical analysis of ground water

[Il':}/L. milligrams per liter; /l9/L. micrograms per liter;

Location: see figure 2 for an explanation of the nlJltlering systan for I1Ydrologic-data sites.
Water t~rature: OCt degrees Celsius.
Specific conductance: Iii/an. microsienens per centimeter at 25 degrees Celsius. Measured in the field exc~t Wlere noted L.
Solids. dissolved: SlJ1l of oonstituBlts exc~t -nere noted R. residue on evaporation at 180 degrees Celsius.

SodiLJllf"
Specific Hard- Hard- Magne- Potas- potas- Alka-

Water C(J1- ness. ness. calcium. sium. SodiLlA. sium. sium. linity.
t~r- duct- pH total noncar- dis- dis- dis- dis- dis- lab
ature ance (stand- (Il':}/L bonate solved solved solved solved solved (Il':}/L

Location Date (0C) (j}$/an) ard as (Il':}/L as (ng/L (Il':}/L (Il':}/L (mg/L (ng/L as
units) Ca~} Caro3} as Ca) as Mg) as Na} as K} as Na) caco3)

Sevier River drainage area

C-JO. 311',",-51 05-14-62 15.0 420 7.6 150 3 52 6.1 30
C-~ 3 18bcb-S1 07-2O-E9 2«> 6.9 87 25 5.9 14 3.2 166
C-~ 3 19dtt>- 1 08~2-oo 13.0 800 L 6.5 370 -- 93 33 24 3.7 425
C-30- 4 13ccb- 1 08-31-00 15.0 500 7.8 170 55 7.4 34 7.1 117
C-30- 4 16abb-S1 12~3-62 7.0 85 7.2 35 0 9.6 2.7 6.0

08-31-00 14.0 95 7.5 36 9.1 3.3 3.5 3.0 43
~C-30- 4~25boc- 1 06-22-00 13.0 610 7.3 260 76 16 30 6.4 288
C-~ 4 25bcc- 2 05-13-!B 12.0 700 7.5 310 0 00 20 36
C-32- 5 26aca- 2 05-14-62 14.0 245 7.5 100 0 31 5.6 16

08-31-00 13.0 270 8.1 110 31 6.7 14 4.0 121

(C-32- 5}35abb-S1 05-14-62 14.0 570 7.8 270 0 72 22 26
~7-oo 18.0 360 150 43 11 16 4.6 168

(C-32- 5)35bab- 1 07-16-62 15.0 282 7.3 120 0 36 7.1 14
10-24-67 14.0 2m 7.5 110 0 35 4.9 13
03~-68 13.0 263 7.3 110 0 32 7.8 15

03-00-70 13.0 248 7.9 97 0 26 7.8 15
08-27-00 14.0 315 7.0 120 0 35 7.4 11 4.1
08-29-83 14.5 300 7.6 120 35 7.8 12 4.1 117
08-13-86 17.0 310 7.9 120 35 7.9 12 4.2 118

(C-33- 5) 4ddd- 1 04~1-55 240 0 54 25 62

08-31-00 16.0 720 L 7.6 220 56 20 84 4.2 342

1C-33- 5j32'00- 1 09-28-00 11.5 510 7.7 220 61 16 24 2.7 230
C-33- 5 34bdc- 1 04-12-00 11.0 520 7.7 200 4} 18 41 2.3 280
C-34- 5 4cdc-S1 08-30-11} 18.5 720 L 380 m 56 21 3.3 407
C-34- 5 4cdc-S2 08~3-aa 13.0 720 7.2 330 70 38 36 3.5 392

C-34- 51 5dOC- 1 04-11-11} 10.0 390 7.9 160 45 12 21 1.3 183
C-34- 5 10cac- 1 09-28-00 10.0 53J 7.6 250 m 25 18 2.4 244
C-34- 5 27cad-S1 08-30-00 13.0 400 L 240 58 24 8.4 2.0 211
C-34- 5 32dod- 1 08-31-1Il 13.0 390 L 7.7 140 35 12 20 6.0 108
C-35- 5 12dac-S1 06~7-E9 12.0 465 L 200 34 29 20 4.3 212

~C-35- 5~25bbc- 3 08-31-00 12.0 OJ 7.7 200 45 22 8.3 5.0 208
C-35- 5 35dad- 1 06-21-11} 12.0 750 L 7.1 360 70 46 17 4.8 404
C-36- 5 29dod- 1 04-10-48 150 1 45 8.1 6.9

06~7-4} 335 170 9 50 10 6.1
01-26-50 8.3 160 4 47 10 4.4

05~3-62 13.0 345 7.9 170 10 57 7.3 6.1
09~l-oo 12.0 3«> 7.9 160 47 10 6.4 3.2 164

(C-36- 7)31dac-S1 07-14-54 4.5 150 7.3 70 0
08-06-54 4.5 150 7.9 69 0 20 4.7 6.4
09-28-68 6.0 1m 7.5 82 0 19 8.3 3.4 1.0

06-17-E9 5.0 170 7.2 76 21 5.8 3.2 1.1 80
~C-37- 5~19Cad- 1 08-31-1Il 9.5 720 7.4 360 68 47 12 3.3 307
C-37- 5 32abb-S1 07-25-81 8.5 455 L 7.6 250 50 30 3.8 1.0 180

05-25-82 8.0 475 7.3 250 7 51 29 3.7 0.90 239
06~7-oo 12.0 4ffi L 240 4J 29 4.0 0.70 236
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fran selected sites in the upper sevier River basin

--. data were not collected or information was not available; <, less than)

laboratory value.

Solids, Phos- Nitro- Nitro- Nitro-
0110- Fluo- Silica, sum of prorous, gen, gen, gen, Manga- sele-

Sulfate, ride, ride, dis- consti- ortha, ammonia, nitrite, NO~+N03' Boron, Iron, nese, nium,
dis- dis- dis- solved tuents, dis- dis- dis- is- dis- dis- dis- dis-
solved solved solved (ng/L dis- solved solved solved solved solved solved solved solved
(ng/L (mg/L (mg/L as solved (ng/L (mg/L (ng/L (ng/L Cpg/L (pg/L (pg/L Cpg/L

as S04) as Cl) as F) Sill.z) (ng/L) as P) as N) as N) as N) as B) as Fe) as MIl) as Se)

Sevier River drainage area

51 9.0 51 291 R 6
6.0 4.0 0.20 44 203 0.040 <0.010 <0.010 0.250 30 68 3 <1

11 9.1 0.10 30 473 0.020 0.00 <0.010 3.20 70 5 1 <1
120 9.0 0.20 53 359 0.030 <0.010 <0.010 0.630 40 <3 <1 <1

1.9 2.5 35 ffiR

3.1 1.1 0.10 35 85 0.060 <0.010 <0.010 0.220 <10 14 2 <1
21 10 0.20 46 3W 0.050 <0.010 <0.010 2.30 80 5 <1 <1
41 11
8.0 8.0 25 185 R 4
5.1 7.2 0.20 51 195 0.010 <0.010 <0.010 0.620 40 10 3 <1

10 12 46 351 R 6
7.0 12 0.20 52 2<18 0.010 <0.010 <0.010 0.260 50 42 8 <1
4.5 8.5 0.50 48 197
3.8 9.5 47 184 R

13 12 178 R

5.8 8.4 1!ll R
7.0 15 0.20 51 206 0.830 10 20 2
8.5 15 0.20 50 207 0.860 30 6 2

12 18 0.20 49 213 0.930 30 7 <1
10 22 1.1 40 429 R 20

26 24 1.2 35 457 0.040 <0.010 <0.010 0.240 190 12 2 <1
20 11 0.10 38 322 0.030 0.01l <0.010 2.50 110 10 4 1
6.0 2.8 0.20 38 327 0.010 0.01l <0.010 0.430 50 8 <1 <1
3.0 4.1 0.50 48 44J 0.030 0.020 <0.010 <0.100 70 24 16 <1
7.5 3.8 0.20 31 428 0.030 0.010 <0.010 0.550 50 42 5 <1

7.0 6.3 0.20 32 241 0.040 0.01l <0.010 1.20 50 4 <1 <1
21 17 0.30 32 328 0.030 0.01l <0.010 1.20 60 7 <1 <1
8.0 6.0 0.30 30 265 <0.010 <0.010 <0.010 0.350 30 30 3 <1

21 42 0.30 34 241 0.010 0.01l <0.010 0.930 30 380 78 1
16 7.9 0.30 40 279 0.020 <0.010 <0.010 0.160 40 13 5 <1

10 5.4 0.20 37 258 0.010 <0.010 <0.010 <0.100 40 51 47 <1
12 8.2 0.20 31 448 0.030 <0.010 <0.010 3.80 60 15 1 1
6.2 7.0 0.10 36 211 R 0
8.6 7.0 0.10 44 224 R 0
5.2 6.7 0.20 39 226 R 30

8.6 7.5 0.10 45 216 R 2 0
4.4 5.5 0.10 41 220 0.030 <0.010 <0.010 0.800 20 11 3 <1

2.5
3.6 2.5 20 103
3.5 1.1 0.30 18 104 0

1.0 0.70 0.20 19 101 0.040 <0.010 <0.010 0.250 30 10 <1 <1
23 9.2 0.10 21 368 0.010 <0.010 <0.010 <0.100 40 52 36 <1
<5.0 4.5 0.10 12 00 0.790 10 <10 <1
5.0 4.2 0.20 12 252 0.430 <9 5
7.0 5.2 0.20 12 251 0.010 <0.010 <0.010 0.610 <10 10 3 <1
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Table B.-Results of chemical analysis of ground water

Sodiumt-
Specific Hard- Hard- Magne- Potas- potas- Alka-

Water con- ness, ness, Calcium, sium, SodilJll, sium, sium, linity,
teqler- duct- pH total noncar- dis- dis- dis- dis- dis- lab
ature ance (stand- (mg/L bonate solved solvoo solvOO solved solved (mg/L

Location Date (0C) (JJS/cm) ard as (~L as (ng/L (mg/L (mg/L (mgfL (ng/L as
units) Ca~) aJ3) as Ca) as Mg) as Na) as K) as Na) caco3)

(C-37- 6)32dac-S1 07-13-54 8.0 410 7.5 220 0
08-03-54 9.0 410 7.6 230 2 54 22 3.7
08-11-54 8.0 405 8.3 220 1 52 23 3.0
10-01-68 8.0 385 7.6 220 4 42 28 1.3 0.50

(C-37- 6)33bc -Sl 10-01-68 8.0 400 7.6 230 11 47 27 1.4 0.20

(C-38- 9)12bdb-S1 07-15-81 4.0 400 L 7.2 210 63 13 1.2 0.40 200

East Fork Sevier River drainage area

~C-26- 1~12dbc- 1 09-01-88 12.0 375 L 7.2 180 47 15 9.4 2.0 181
C-26- 1 23ddb- 2 05-13-!B 12.0 100 7.4 73 0 24 3.2 10

05-11-00 12.0 19:> 7.8 76 0 24 3.9 14
05-23-61 12.0 19:> 7.5 77 0 26 2.9 10 2.4

09-23-63 12.0 185 7.4 76 0 13
03-18-65 11.0 175 7.8 70 0 28 0.0 11
05-25-72 11.5 175 7.7 66 0 21 3.2 8.0 2.5
07-23-73 11.5 175 8.0 68 0 22 3.2 8.4 2.4
05-24-74 12.0 100 7.7 62 0 al 2.9 7.8 2.4

08-28-00 12.0 23J 7.7 69 0 22 3.3 8.3 4.9
08-10-83 12.0 195 L 7.6 74 23 3.9 10 2.8 83
07-11-84 12.0 195 L 7.6 78 25 3.7 9.1 2.9 78
07-27-88 13.0 200 L 8.2 75 24 3.6 9.2 4.5 81

(C-26- 1)35dci>- 2 08-15-62 12.0 mi 7.2 88 0 25 6.1 9.5

IC-'7- 1!1Odab- 1
08-10-88 12.0 235 L 97 3J 5.3 8.6 2.2 91

C-27- 1 27abc- 2 07-05-62 10.0 241 7.5 97 0 3J 5.4 14
C-27- 1 35cad-S1 06-20-f9 12.0 270 6.9 100 27 8.5 13 3.1 115
C-29- 2 35bad- 1 07-05-62 11.5 485 7.5 210 37 61 14 18

09-13-65 11.0 485 7.3 210 34 58 16 15

06-08-66 10.5 400 7.5 210 33 58 16 16 6.0
08-23-67 12.5 49:> 7.4 210 31 !B 16 21
05-25-72 13.5 510 7.3 220 25 61 16 15 6.0
07-25-73 16.0 500 7.6 220 33 62 16 15 5.6
08-28-00 13.0 500 7.4 220 18 61 16 14 6.0

07-08-82 17.0 485 L 200 57 15 14 5.9 188
07-11-84 15.5 4ffi 7.0 200 55 15 15 6.2 183
07-27-88 15.0 4ffi L 7.6 200 54 15 14 8.5 182

(C-30- 2)28bdc- 1 07-08-82 18.5 445 L 180 <f) 15 19 5.1 195
06-28-85 14.0 465 L 8.1 200 54 15 21 5.2 201

08-19-87 12.5 43J 190 53 15 22 5.3 205
~C-32- 2)13bdd-S1 07-19-f9 12.0 205 7.2 90 27 5.5 5.6 2.0 94
C-34- 3)27ddc-S1 07-31-62 10.0 410 7.8 190 0 53 14 18

09-25-74 445 210 0 50 21 17 2.1
06-08-f9 10.0 375 170 41 17 15 1.3 192

(C-36- 3) 6dba- 1 07-11-52 8.1 150 4 24 23 9.1
05-28-62 12.0 440 8.1 220 11 54 21 13
09-24-63 15.0 425 7.7 220 9 11
08-30-88 10.0 415 7.6 230 48 27 7.7 2.0 211
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fran selected si tes in the upper Sevier River basin-~ntinued

Solids, Phos- Nitro- Nitro- Nitro-
0"110- Fluo- Silica, sum of pl"orous, gen, gen, gen, Manga- sele-

Sulfate, ride, ride, dis- consti- ortha, iIIIOOni a, ni tri te, NO~+N03' Boron, Iron, nese, nium,
dis- dis- dis- solved tuents, dis- dis- dis- is- dis- dis- dis- dis-
solved solvw solved (ng/L dis- solved solved solved solved solvOO solved solved solvoo
(mg/L (mg/L (mg/L as solved (ng/L (mg/L (mgfL (ng/L ()Jg/L (pg/L (IJ9!L ()Jg/L

as 04) as Cl) as F) Si~) (ng/L) as P) as N) as N) as N) as B) as Fe) as Mn) as Se)

3.0
7.4 20 9.0 210
4.0 2.5 227
3.8 1.5 0.30 6.1 214 0
4.0 1.4 0.20 6.8 219 10

<1.0 1.0 0.10 5.4 205 0.150 20 2

East Fork Sevier River drainage area

4.1 7.3 0.20 39 240 0.040 <0.010 <0.010 1.70 20 6 2 <1
1.9 7.0 46 142 R
9.9 9.0 46 156 R

11 6.0 0.20 41 140 R

5.1 9.0 138 R
4.3 6.0 39 138
5.7 4.7 41 132
4.0 6.4 41 133
3.5 5.6 38 126

0.90 8.1 0.20 42 141 0.190 20 30 2
4.0 8.7 0.30 41 145 0.300 30 <3 <1
4.1 8.8 0.30 42 144 0.310 30 <3 <1
5.1 10 0.20 41 148 0.320 30 9 <1
6.6 7.0 0.30 34 146 R 6

14 9.4 0.30 47 172 0.020 <0.010 <0.010 0.190 50 27 4 <1
5.8 7.0 0.40 53 HI} R 5 1
4.0 9.0 0.30 45 182 <0.010 <0. OlD <0.010 0.640 40 <3 <1 <1

24 35 0.20 43 301
22 31 38 212

24 30 0.40 40 296
24 36 33 ~

24 27 45 3lD
24 32 46 313
24 30 0.20 46 320 0.760 10 <10 1

21 24 0.20 45 ~ 0.750 30 8 2
20 24 0.20 46 294 0.740 30 11 3
19 22 0.20 45 &l 0.630 30 52 3
21 12 0.30 32 272 0.400 60 8 2
19 14 0.30 36 286 0.100 70 4 2

23 13 0.30 40 296 0.210 80 7 1
5.0 4.2 0.20 32 1:B 0.030 <0.010 <0.010 0.140 30 <3 <1 <1

17 6.0 0.20 30 246 R 4
11 7.7 0.30 27 270 0.060 0.370 100 20 <10
9.0 4.8 0.30 29 233 0.080 <0. OlD <0.010 0.150 30 8 <1 <1

12 4.8 0.10 12 168 R 160
21 12 8.8 238 R 99
13 13 226 R 30
18 12 0.10 9.0 251 <0.010 0.070 <0.010 <0.100 60 580 25 <1
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Table 9.-Results of chemical analysis of surface ~ter

[mg/L, milligrams per liter; JJ9/L, microgrcrns per liter; --, data ~re not

Site name and locatioo: see figure 2 for an explanation of the nl.llDering system for twdrologic-data sites.
Discharge: ftl/s, cubic feet per second.
Water tenperature: °C, degrees celsius.
Specific con<iJctance: liS/em, microsienens per centineter at 25 degrees celsius.

Hard- Sol ids,
Site name and location Date Spe- ness, sum of Cal- Magne- Sod-

cific total consti- cilJl1, silJl1, ium,
Water coo- pH (ng/L tuents, dis- dis- dis-

Dis- t~r- duct- (stand- as dis- solved solved solved
charge ature ance ard caCO) solved (mg/L (mg/L (mg/L
(fPIs) (OC) (liS/em) units) 3 (mg/L) as Ca) as M:J) as Na)

Sevier River drainage area

Sevier River near Hatch, gaging station
10174500 08-18-lB 79.0 17.0 322 8.5 170 185 40 17 3.2

sevier River at Highway 12 bridge 08-18-00 75.2 20.0 370 8.5 180 196 41 19 3.9
casto Wash near confluence with sevier 190

River 08-18-00 27.0 510 8.6 200 308 28 ]) 33
sevier River at Roller Mill Hill 8ridge 08-18-00 28.6 25.0 395 8.5 360 215 43 22 4.5
Inflow to Sevier River from west at

(C-34-5) 17dac 08-18-lB 0.05 20.0 735 8.1 240 419 54 55 17
sevier River above McEwen Canal diversion

at (C-34-5)9bba 08-18-lB 65.2 17.5 525 8.2 240 299 55 24 14
sevier River at (C-33-5)3aaa 08-18-00 75.4 15.0 545 8.4 318 56 24 26 3.3
sevier River near Circleville, gaging

station 10180000 08-18-lB 81.3 12.0 480 8.5 210 288 . !j) 21 26

East Fork Sevier River drainage area

East Fork Sevier River below confluence
wi th Deer Creek 08-17-00 23.0 17.0 520 8.6 260 288 45 35 12

Inflow to East Fork sevier River below
Osiris at (C-32-2)13bcd 08-17-00 0.49 14.0 235 7.9 100 148 ]) 6.2 6.1

East Fork Sevier River above Antimony,
at (C-32-2)2cbb 08-17-lB 140 20.0 425 8.6 200 247 37 27 11

East Fork Sevier River near Kingston,
gaging station 10189000 08-17-00 125 20.5 430 8.7 170 242 36 ro 21
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from selected sites in the upper sevier River basin

collected or information was not available; <. less thanl

Pros- Nitro- Nitro-
Potas- Alka- Sulfate. 0110- Fluo- Sil ica. phorus. gen. gen. Boron. Iron. Manga- Sele-
silJll. linity. dis- ride. ride. dis- ortho. dIIIlOlia. N~+N~. dis- dis- nese. nium.
dis- total solved dis- dis- solved dis- dis- dl - solved solved dis- dis-

solved (ng/L (ng/L solved solved (ng/L solved solved solved (/-Ij/L (pg/L solved solved
(ng/L as as (ng/L (Ilr:l/L as (ng/L (ngfL (ng/L as B) as Fe) <JJg/L (pg/L
as K) CaC03) S04) as Cl) as F) Si~) as P) as N) as N) as Mn) as $e)

Sevier River drainage ar~a

1.1 175 4.1 1.9 0.20 12 0.20 <0.01 <0.10 10 22 10 <1
1.4 100 5.5 2.7 O.ll 14 0.10 0.01 <0.10 20 14 4 <1

245 360 50 0.10 <0.10 0.02 <0.10 BO <3 1 <1
4.8 199 5.5 3.6 0.20 31 0.02 <0.10 20 12 9 <1
1.6 393 8.8 4.4 1.4 15 0.03 <0.10 60 70 2 <1

6.9 267 6.7 5.5 0.20 36 0.20 <0.01 0.45 40 17 17 <1

3.1 271 8.0 6.5 0.20 28 <0.01 0.01 0.27 50 8 8 <1
30

3.5 229 8.8 7.4 0.20 33 <0.01 <0.01 0.19 50 15 3 <1

East Fork Sevier River drainage area

1.7 2]1 17 11 O.ll 21 0.04 0.01 0.45 50 14 8 1

1.9 99 6.6 5.0 O.ll 32 0.04 <0.01 0.15 40 29 2 <1

2.0 203 14 9.5 0.20 24 0.02 <0.01 0.14 40 <3 4 <1

4.8 184 20 13 O.ll 16 0.18 <0.01 <0.10 130 17 6 <1
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