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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain
acre (1.4047 square hectometer
4.047 square meter
acre-foot (acre-ft) 0.001233 cubic heclometer
1,233 cubic meter
acre-foot per year (acre-tt/yr) 0.00003907 cubic meter per second
cubic foot per day GRE), 0.02832 cubic meter per day
cubic foot per second (fr'7s) 0.02832 cubic meter per second
foot {1t) 0.3048 meter
loot per year (fi/yr) 0.3048 meter per year
foot per day (ft/d) 0.3048 meter per day
fool squared per day] (fi2/d) 0.0929 meter squared per day
gallon per minute {gal/min) 0.06308 liter per second
inch (in.) 25.4 millimeter
0.0254 meter
inch per year (infyr) 0.0254 meler per year
mile {mi) 1.609 kilomcter
square mile {(mi?) 2.59 square kilometer

Water temperature is reported in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the
following equation:

F = 1.8 (°C) + 32.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum
derived tfrom a general adjustment of the first-order level nets of the United States and Canada, formerly calted Sea
Level Dawum of 1929,

Chemical concentration and water temperature are reported only in International Systemn (S1) units. Chemical
concentration in water 1s reported in milligrams per liter (mg/L.), micrograms per liter {ug/1.}, moles per liter
(mol/L), or millimoles per liter (mmol/L.}. These units express the solute weight per unit volume (liter) of water. A
liter of water is assumed to weigh 1 kilogram, except for brines or water at high temperatures because ot significant
changes in the density of the water. For concentrations less than 7,000 milligrams per liter, the numerical value is
about the same as for concentrations in pans per million {(ppm). One thousand micrograms per liter is equivalent to
I milligram per liter, one thousand millimoles per liter is equivalent to 1 mole per liter, and one thousand parts per
billion (ppb) is equivalent to 1 part per million. A mole of a substance is its atomic or formula weight in grams.
Concentration in moles per liter can be determined from milligrams per liter by dividing by the atomic or formula
weight of the constituent, in milligrams. Specific conductance is reported in microsiemens per centimeter at 259
degrees Celsius (pS/cm). Stable isotope eoncentration is reported as per mil, which is equivalent to parts per
thousand. Tritium concentration in water is reported as tritium units (TU}. The ratio of 1 atom of tritium (o 103
atoms of hydrogen 1s equal to | TU or 3.2 picocuries per liter.

]prresscs transmissivity. An alternative way of expressing transmissivity is cubic foot per day per square foot, times foot of
aquifer thickness.
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HYDROLOGY AND SIMULATION OF
GROUND-WATER FLOW IN JUAB VALLEY,

JUAB COUNTY, UTAH

By Susan A. Thiros, Bernard J. Stolp, Heidi K. Hadley, and Judy |. Steiger

U.S. Geological Survey

ABSTRACT

Plans (o import water to Juab Valley, Utah,
primarily forirrigation, are part of the Central Utah
Project. A better understanding of the hydrology of
the valley is needed to help manage the water
resources and to develop conjunctive-use plans.

The saturated unconsolidated basin-fill
deposits form the ground-water system in Juab
Valley. Recharge is by seepage from streams,
unconsumed irrigation water, and distribution sys-
tems; infiltration of precipitation; and subsurface
inflow from consclidated rocks that surround the
valley. Discharge is by wells, springs, seeps,
cvapotranspiration, and subsurface outflow to con-
solidated rocks. Ground-water pumpage is used to
supplement surface water for irrigation in most of
the valley and has altercd the direction of ground-
water flow from that of pre-ground-water develop-
ment time in areas near and in Nephi and Levan,

Grealer-than-average precipitation during
1980-87 corresponds with a rise in walter leyels
measured in most wells in the valley and the high-
est water level measured in some wells. Less-than-
average precipitation during 1988-91 corresponds
with a decling in water levels measured during
1988-93 in most wells. Geochemical analyses
indicate that the sources of dissolved {ons in water
sampled from the southern part of the valley are
the Arapien Shale, evaporite deposits that occur in
the unconsolidated basin-fill deposits, and possibly
residual sea water that has undergone evaporation
in unconsolidated basin-fill deposits in sclected
arcas. Water discharging [rom a spring at Burris-
ton Ponds is a mixture of about 70 percent ground
water from a hypothesized flow path that extends
downgradient from where Salt Creck cnters Juab

Valley and 30 percent from a hypothesized flow
path {rom the base of the southern Wasatch Range.

The ground-water system of Juab Valley
was simulated by using the U.S. Geological Sur-
vey modular, three-dimensional, finite-difference,
ground-water low modcel. The numerical model
was calibrated to simulate the steady-state condi-
tions of 1949, multi-year transicnt-state conditions
during 1949-92, and seasonal transient-state con-
ditions during 1992-94, Calibration parameters
were adjusted until modei-computed water levels
reasonably matched measured walter levels,
Parameters important to the calibration process
include horizontal hydraulic conductivity, trans-
missivity, and the spatial distribution and amount
of recharge [rom subsurface inflow and seepage
from ephemeral streams to the cast side of Juab
Valley.

INTRODUCTION

The hydrology of Juab Valley in central Utah (fig.
1} was studied from 1992 through 1994 by the U.S.
Geological Survey in cooperation with the Central Utsh
Water Conservancy District and the East Juab Water
Conservancy District. The saturated basin-till deposits
form the principal ground-water system in Juab Valley.
Hydrologic data were collected trom nurmerous sites
and the system for numbering these sites is explained in
figure 2. As part ot the Central Utah Project, a plan
approved by Congress to trunsport water from the Col-
orado River drainage basin in Utah to areas gencrally
along the west side of the Wasatch Range, irrigation
water will be imported to Juab Valley. A better under-
standing of the hydrology of Juab Vailey is needed by
the cooperators to help manage the water resources and
to develop plans for the optimal use of the imported
surface water and ground and surfuce water in the area
(conjunctive use).
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The system of numbering wells and springs in Utah is based on the cadastral fand-survey system of the LS. Government.
The number. in addition to designating the well or spring. describes 1ts position in the land net. The land-survey system divides the
State mto four quadraals separated by the Sale Lake Base Line and the Salt Lake Meridian, These quadrants arc designated hy the
upper- case leters A, B, C. and D, indicating 1the northcast, nonhwest, southwest, and sootheast quadrants, respectively, Nuimhers
designatng the wownship and range, in that order, tollow the quadrant letter, and ali three are enclosed in parentheses. The number
afler the parentheses imdicates the section and is followed by three leuers indicating the quarter section, the quarter-quaner section,
and the quarter-quaner-quaner secuon—generally 10 acre wracts lor regular sections'. The lowercase letters o, b, ¢. and d indicate.
respectively. the nostheast, northwest, southwest. and southeast quaners of each subdivision. The number after the leuers is the serial
nurnber of the well or spring within the 10-acre tract. The letter 'S preceding the serial number designates a spring. A pumber having
all three quarter designabions but without the ketter S and serial nninber indicates o imscellancous data site other than a well o spring.
such as outflow from a group of springs. Thos, (C-13- 1) ledd- | designaies the iinst well constructed or visited in the southeast 1/4

of the southeast 144 of the southwest 1M insecnon 1L T 1385 RO W,

Sections within a township Tracts within a section
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' Although the hasic land unit. the section. is theoretically | square mile, many sections are irreguiar. Such sections are sub-
divided into 1(-acre tracis. generally heginning at the southeast comer. and the surplus or shortage is taken up in the tracts along the
north and west sides of the section,

Figure 2. Numbering system used in Utah for hydrologic-data sites.



The objectives of the study are to:

I, Assess current ground-water conditions and
document changes since previous studies made
during 1962-66;

| g

Better define and quantify hydrologic compo-
nents of the ground-water flow system in the
valley by estimating recharge, flow, discharge,
hydrologic properties of the unconsoelidated
basin-fill deposits, and chenical characteristics
of water;

3. Evaluate current and potential sources of dis-
solved solids to ground walter in the southern
part of the valley; and

4. Testand confirm the conceptual ground-water
flow model and provide a tool to estimate the
effects of changes in ground-water discharge to
pumped wells and recharge on water levels and
natural ground-water discharge.

Purpose and Scope

This repert describes the hydrology of Juab Vai-
ley and presents a tool, in the form of a numerical
model that simulates ground-water flow in the valley, to
estimate the effects of changes 1 water availability and
watcr-management practices on the ground-water flow
system. Reported aspects of the hiydrology include
descriptions of surface- and ground-water budget com-
ponents, ground-water flow, hydrologic properties of
the ground-water system, and chemical characteristics
of ground water in the valley.

Previous Studies

The ground-water hydrology of Juab Valley was
first discussed by Meinzer (1911, p. 67-74) as part of a
reconnaissance of ground water in Juab, Millard, and
Iron Counties, Utah. Ground-water resources in the
northern part of Juab Vaiiey were studied by Bjorklund
{1967} and in the southern part by Bjorklund and Rob-
inson (1968).

Wauter levels in selected wells have been perodi-
cially measured since 1935 by the U.S. Geological Sur-
vey. Streamflow-gaging stations have been in
operation on three streams for various intervals trom
1925 to 1995, Water-level and streamfow data are
available in the files of the U.S. Geological Survey

Utah District Office in Salt Lake City, Utah. Hydro-
logic data collceted as part of this study were compiled
by Steiger (1995).

Acknowledgments

The assistance and cooperation of local land
owners, irrigation-company representatives, and U.S.
Department of Agriculture Natural Resources Conser-
vation Service (formerly calicd the Soil Conservation
Scrvice) personnel greatly aided in the collection of
data for this study. Information, time, and access to
hydrologic-data sites supplicd by these individuals are
appreciated.

Description of the Study Area

Juab Valley 1s a north-trending, long, narrow val-
ley in Juab County in the centrai part of Uteh (fig. 1),
The valley consists of about [72 mi* of unconsolidated
basin-fill deposits bounded by mountain areas com-
posed of consolidated rocks. Levan Ridge is an east-
west trending topographic divide with an altitude of
about 5,220 fi thar separates the valley into notthern
and southern parts.

The northern part of Juab Valley is bounded by
the southern Wasateh Range and San Pitch Mountains
on the cast and the West Hilis and Long Ridge on the
west. [t 1s about 22 mi long and 4 to 6 mi wide. Alti-
tudes range from 4,860 ft at Mona Reservoir to more
than 5,600 {t on some alluvial fans. Mount Nebo, at the
southern end of the Wasatch Range, reaches 11.877 ft
above sea level or about 7,000 ft above the valley tloor,
Relatively small, steep, and rocky canyons drain water
from the southern Wasatch Range into Juab Valley. Salt
Creek, east of Nephi, scparates the southern Wasatch
Range from the San Pitch Mountains, A pass separates
the West Hills from Long Ridge west of Nephi.

The southern part of Juab Valley is bounded by
the San Pitch Mountains on the east and the West and
South Hills on the west. This part of the valley is about
o mi long and 2 to 6 mi wide. Altitudes range trom
5,050 ft at the Chicken Creek Reservoir spiliway to
about 5,600 ft along the boundary between consoli-
dated rocks and unconsolidated basin-Hil deposits at the
mountain front. Surface water from the San Pitch
Mountains generally drains toward Chicken Creck Res-
ervoir, except at the south end of the valicy, where
Chriss Creck cuts across the South Hills.



Geology

Consolidated rocks in the study area range from
Precambrian to Tertlary age and crop out in the moun-
tains that surround Juab Valley. In general, the west
side of Juab Valley is bounded by voleaniclastic and
sedimentary rocks of Tertiary age (Oligocene to Pale-
ocenc) and the east side of the valley is bounded by
rocks of Precambrian through Mesozoic age (fig. 3).
Linconselidated deposits of Quaternary age generally
oceur in the valley and along mountain streams.

The southern Wasatch Range 1s composced
mainly of interbedded limestone. sandstone, and
quartzite of Late Mississippian to Permian age. This
assemblage was thrust castward over rocks of Meso-
zoic age during the Late Crelaceous Sevier orogeny.
Rocks of the allochthon are vverturned at the southern
end of the range and dip northwestward near Nephi
(Witkind and Weiss, 1991). The strata is vertical east
of Mona.

Rocks of Paleozoic age crop vut at the northern
and southern ends of Leng Ridge and at the northern
end of the West Hills. Witkind and Weiss (1991) infer
trom these outcrops that a sheet of thrusted rocks of
Paleozoic age unconformably underlies Long Ridge
and the West Hills. These rocks likely are fractured.

The Arapien Shale of Middle Jurassic age crops
out at the southern end of the Wasatch Range near
Nephi and in the San Pitch Mountains (fig. 3). The
Arapien Shale is not exposed on the west side of the
study arca but is underneath a normal stratigraphic sec-
tion of rocks of Tertiary through late Mesozorc age in
the northern part of the West Hills (Zoback, 1992, p.
E4). The Arapicn Shale is @ marine evaporite com-
posed mainly of interbedded calcarecus mudstone,
gypsiferous siltstone, and mrerite with much halite,
gypsum, and anhydritc minerals (Biek, 1991). Lenses
ol rock gypsum and selenite have been mined primarily
near where Salt Creek and Chicken Creek enter Juab
Valley. The Arapien Shale in the study area is
deformed because it Lypically was the decollement
horizon for Sevier orogeny thrust faults. This deforma-
tion has caused a complex interrelation with the under-
lying marine Twin Creek Limestone.

The Twist Gulch Formation of Middle Jurassic
age and the Indianola Group of Cretaceous age arc
exposed in the San Pitch Mountains east of Juab Vailey.
The Twist Gulch Formation is composed mainly of red-
dish brown, thin to medium-bedded, fine-grained,
marine sandstone, siltstone, and shale. The Indianola
Group 1s mainly a reddish brown and gray, thick-bed-

ded Auvial conglomerate. Indianola Group strata gen-
erally dip to the cast.

Sedimentary rocks of Late Cretaceous through
Tertiary age mapped in the study area are the Price
River and North Horn Formations of fluvial origin and
the Flagstatt Limestone and Colton and Green River
Formations, primarily of lacustrine origin. The
sequence of strata from the Indianola Group through
the Colton Formation is present at the higher altitudes
ol the San Pitch Mountains.

The volcaniclastic rocks in the study area are Qli-
zocene to FEocene inage (Tertiary Period ) and consist of
ashflow and welded 1wffs, lava flows, and stream-
deposited conglomerate and sandstone. Volcaniclastic
rocks are exposed on Long Ridge, the northern part of
the West Hills, in the Salt Creek drainage, along the
base of the San Pitch Mountains. and at the northern
end of the study area (fig. 3). Volcaniclastic and (or)
sedimentary rocks of Tertiary age may underlie the
unconsolidated to semiconsolidated basin-fill deposits
in Juab Valley (Witkind and Weiss, 1991).

Juab Valley is part of the Basin and Range Phys-
lographic Province (Fenneman, 1931), which has
undergone intraplate extension since late Cenozoic
time. Movement along the Wasatch Fault, a high-angle
normal fault, has occurred since Quaternary time and
has downfaulted Juab Valley relative to the southern
Wasatch Range and the San Pitch Mountains (fig. 3).
Geologic interpretation of scismic data indicates that
the valley is bounded on the west side by smaller nor-
mal faults, which intersect the Arapien Shale at depth
{Zoback, 1992, p. E11). Becausc the inferred fault zone
on the west side of the valley 1s buried by alluvium
along much of its length, surface evidence is limited.

Unconsolidated to semicensolidated material of
Quaternary and Tertiary age in the study area includes
basin-fll, landslide, colluvial, and stream-channel
depuosits. The basin-fill deposits in Juab Valley are
unconsclidated at land surface and become semiconsol-
idated with increasing depth. The thickness of these
deposits was estimated to be as much as 5,250 ft thick
(Zoback, 1992, p. E12} on the basis of interpretation of
gravity data and a seismic-reflection profile across the
valley near Nephi. A prominent and continuous reflec-
tor exists at a depth of about 1,200 ft below land surface
at the west end of the profile (about 0.9 mi cast of West
Creek) and about 2,300 ft below land surface at the cast
end of the profile (near the wesl side of Nephi) (Zoback.
1992 p. E11). The layer is bounded by normal faults
and may represent a change in the physical properties
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of the basin-fill deposits. such as the degree of consali-
dation, composition, or density of the material,

The unconsohidated basin-fill deposits that form
the ground-water system discussed in this report consist
only of the uppermost part of the basin-fill deposits in
Juab Valley. The thickness of the unconsolidated basin-
fill deposits in the valley is not known but may be indi-
cated by the continuous reflector across the valley near
Nephi. Bouguer gravity data indicate that the uncon-
solidated and semiconsolidated hasin-fill deposits are
thickest in the area west of Nephi and are less thick in
the southern part of Juab Valley (Zobuck. 1992, p. E3),
The unconsolidated deposits include alluvial-fan, Hu-
vial, and lacustrine deposits, primarily of Quuaternary
age. The Rl generally is coarser grained near the moun-
tain fronts and along stecam channels and finer grained
near the iower-altitude areas of the valley. Unsorted
finc and coarse-grained material are present in debris-
flow deposits at the mountain fronts. The variable grain
size and interbedded nature of the unconsolidated
basin-fill deposits in the southern part of Juab Valley
are shown in figure 4. The potentiometric surtace
shown on the figure was determined from water levels
listed in the drillers’ logs and represents the water-level
altitude of the confined part of the ground-water system
in that arca. Water-level altitudes near the eastern
mountain front probably represent unconfined condi-
tions in the ground-water system.

Climate

Average annual mean air lemperature from 1961
to 1990 was 50.5 °F (10.3 °C) at Nephi and 48.9 °F (9.4
Cyat Levan (Ashcroft and others, 1992, p. 56 and 66).
Winter temperatures in Juab Valley can fall below 20 °F
(-7 °C) and summer temperatures can exceed 90 °F (32
“C). The average treeze-free season lasts 138 days in
Nephi on the basts of 46 years of record and 129 days
in Levan on the basis of 96 years of record (Ashcrolt
and others, 1992, p. 99-1(K)).

Average annual precipitation from 1961 to 1990
was 14.5 in. at Nepht and 15.2 in. at Levan (Ashcroft
and others, 1992, p. 56 and 66). Average annual precip-
itation from 1931 to 1993 was 14.0 in. at Nephi and
14.2 in. at Levan. Annual precipitation and cumulative
departure from the average annual precipitation during
this period at Nepht are shown in figure 5. Cumulative
departure from average annual precipitation is calcu-
lated by adding the departure or difference from aver-
age precipitation for the current year (o the sum of
departure values for all previous years in the period of

record. Ttean be used to identify periods of greater- and
less-thun-average precipitation.

Average annual precipitation at Nephi was
exceeded during 1943-47, 1963-65, and 1980-R87.
Annual precipitation was less than average during
1931-35, 1948-5(), 1958-62, 1974-77, and 1988-9].
Annual precipitation at Levan generally followed the
pattern noted at Nepht. Most prectpitation talls in
Murch and April with June and July generally being the
driest months.

Snow depths are available for the Payson Ranger
Station snow course, about |1 mi northeast of Mount
Nebo in the southern Wasatch Range, and the Ree's Flat
snow course, about 8 mi southeast of Levan in the San
Pitch Mountains. The annual accumulation ot snow in
the mountains surrounding Juab Valley is the primary
source of surface water to the valley. The Payson
Ranger Station snow course, at an altitude ot 8,050 {1,
has records from 1942 to the present (1993). The aver-
age annual maximum water content of snow (in inches
of water) measured at the snow course during 1942-94
is 22.7 in. (U.S. Department of Agriculture, Soil Con-
servation Service, written commun., 1993, and Ray
Wilson, U.S. Department of Agriculture, Soil Conser-
vation Service, oral commun., 1994). Water content
determined from snow depth measured at the Payson
Ranger Station snow course was 35.5 and 41.1 in. on
April 151983, and April 15, [984, respectively,

The Ree's Flat snow course, at an altitude of
7.300 ft, has records from 1956 (o the present {1993),
The average annual maximum water content of snow
measured at the snow course from [956to [994 15 129
in. (U.S. Department ot Apriculture, Soil Conservation
Service, written commun., 1993, and Ray Wilson, U8,
Department of Agriculture, Soil Conservation Service,
oral commun., 1994). Water content determined from
snow depth measured at the Ree's Flat snow course was
24.1 and 22.0'in. on March 31, 1983, and April 24,
1984, respectively.

The annual freshwater evaporation estimated for
the area north of Chicken Creck Rescrvoir was 53.8 in.
(U.S. Department of Agriculture, 1969, p. 22). The
average annual pan evaporation measured from 1948 to
1992 at Utah Lake near Lehi, about 30 mi north of Juab
Valley, was 56.23 in. (Ashcroft and others, 1992, p. 96).
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HYDROLOGY

Maost of the surface water that enters Juab Valley
originates as precipitation on the southern Wasatch
Range and the San Pitch Mountains. Ground water in
Juab Valley occurs in the unconsolidated basin-fill
deposits and is recharged primarily by infiltration of
surface water and precipitation.

Surface Water

Surface waterin Juab Valley is used primarily for
irrigation. Much of the streamflow that enters the valley
on the cast side is diverted inte irrigation distribution
systems. Water also is stored In reservorrs in Juab Vai-
ley for irtigation outside of the valley.

Streams

Perennial and ephemeral streams drain the south-
ern Wasatch Range and the San Pitch Mountains, and
ephemeral streams drain Long Ridge and the West
Hills, Most streamflow is diverted for irrigation at the
mountain front. Only a small amount of surface water
enters the valley from the west side, probably onty after
intense rainstorms and after the melting of greater-than-
average winter snow accumulations.

Salt Creek, east of Nephi, is the largest stream
that enters Juab Valley. [t drains an area of 95.6 mi’ that
includes the east side of Mount Nebo in the southern
Wasatch Range and the northern end of the San Pitch
Mountains. Average annual streamflow for Salt Creek
near Nephi (U.S. Geological Survey gaging station
10146000) {pl. 1) for water years 1952-80 was about
19,600 acre-ft. A water year is the 12-month period
from October 1 through September 30 and is desig-
nated by the calendar year in which it ends. Peak flow
typically occurs in May as a result of snowmelt runoff
with an average monthiy streamfiow of about 85 /s,
The average monthly streamflow from October to Feb-
ruary ranged from 11.0te 11.5 ft’/s. Much of this flow
15 ground water discharged from consolidated rocks
and channel-fill deposits upstream from the gaging sta-
tion, Streamfiow in Salt Creek is routed through a dis-
tribution system in Juab Valley in all but high flow
situations. This water ultimately moves to the axis of
the valley, west and northwest of Nephi.

Chicken Creek drains the San Pitch Mountains
cast of Levan with a drainage area of 27.9 mi2. Avcrage
annual streamflow for Chicken Creek near Levan (U.S.

Geologicai Survey gaging station 102192003 (pl. 1) for
water years 1863-93 was about 5,800 acre-ft. Snowmelt
runoff typically occurs in May with an average monthiy
streamflow of about 36 ft¥/s. Average monthly stream-
flow during the winter months varied {rom 2.6 fr¥/s in
October to 1.8 ft*/s in December to 2.2 ft¥/s in Febru-
ary. The average annual streamfow for water years
1982-86 was more than the period-of-record average
because of greater-than-average precipitation. Average
annual streamflow during 1987-92 was less than during
any other recorded water years, except 1977, because
of less-than-average precipitation.

Parts of the Salt Creek and Chicken Creek drain-
ages contribute flow to springs that is piped to Nephi
and Levan for public supply and irrigation. Bradley
Spring, {D-13-2)5¢bd-S1 in the Sait Creek drainage (pl.
1), has an estimated average annual discharge of about
3,000 acre-ft. About one half of the annual discharge
occurs from April to September with generally mare
discharge from July to September (Roy Tolley, Nephi
City, written commun., 1993). About 40 percent of the
spring discharge is used for irrigation, and the remain-
der is used for public supply {Bjorklund, 1967, p. 45}.
Cobble Rock, Tunnel, and Rosebush Springs in the
Chicken Creek drainage {pl. 1) have an estimated com-
bined annual discharge of about 400 acre-ft. Water from
these springs is used for public supply. The average
annual streamflow from Salt and Chicken Crecks
would be about 22,600 and 6,200 acre-ft, respectively,
if spring diseharge were not diverted.

Average annual streamflow for most of the
streams that enter the east side of Juab Valley was esti-
mated from a relation between streamflow measured in
the two gaged streams near the valley margins and a
regression equation developed for a region of the Colo-
rado River Basin (Christensen and others. 1986, p. 8).
The region includes all areas in the Coloradoe River
Basin in Utah where streamfiow is predominantly from
snowmelt. The regression equation was considered
appropriate for use because most of the streamtiow in
the study area is derived from snowmelt. The regres-
sion equation is

QO =139x 073 A0 107 (1)
where
0 = average annual streamfiow. in ft'/s;
A = contnbuting drainage-basin area, in mi’; and
E = mean basin altitude, in thousands of feet.

Drainage-basin areas of the streams used to
develop the regression equation ranged from 3 to
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660 miZ, and mean drainage-basin altitudes ranged
from 7,560 1o 10,960 ft. Most of the streams that enter
Juab Valley from the San Pitch Mountains, including
Sait and Chicken Creeks, have mean drainage altitudes
fess than those used to develop the regression equation.
Average annual streamflow calculated from the regres-
sion equation using arcas and mean altitudes for the
Salt and Chicken Creck drainages was about 64 percent
of the averape annual streamflow determined from gag-
ing-station records and spring discharge estimates.
Flow in ungaged streams that enter Juab Vailey from
the east was estimated using the regression equation
and then modificd to better represent the area by divid-
ing that value by 64 percent. The major drainages that
enter the valley from (he cast and the estimated stream-
flow for these drainages are listed in table 1.

Flow in streams that drain the steep west side of
the southern Wasatch Range 1s influenced by ground-
water discharge from consolidated rocks. Lithology
and geologic structure control ground-water discharge
to these streams by channeling snowmelt runoff into
fractures. This water is discharged to the mountain
streams throughout the year. The regresston equation
modified by the gaging-station streamflow data method
of estimating streamflow may not be valid for these
streams. Flow in selected streams that drain the south-
crn Wasatch Range and the San Pitch Mountains and
the percentage of flow that occurs during the irrigation
season were estimated from observations made by irri-
gation-company representatives and from the amount
of water required to meet the demand of crops and irri-
gation losses (table 1), Streamflow from streams that
drain the San Pitch Mountains estimated using the
regression equation modified by its relation to gaged
How was similar to the amount estimated by obhserva-
tion. The field observations validate the use of the
regression-cquation/gaging-station estimate for most of
the streams that enter the southern part of the valley.

Streamflow from Wash, Pole, and Couch Can-
yons in the southern Wasatch Range is mainly from
springs that discharge from consolidated rocks. Dis-
charge from these drainages and from Clover Creek
Spring, ([3-12-1)3bbc-S1 (pl. 1), is reported to increase
in the late summer relative to the carly spring. Dis-
charge from most consolidated-rock springs is included
in streamflow estimates.

Currant Creek and West Creek, in the northern
part of Juab Valley, receive water discharged from
springs and secps in the valley, streamflow that has
entered the vailey at the mountain tront during periods
of greater-than-average snowmelt runott, and surface

runoff from snowmelt and rain from surrounding valley
arcas. Currant Creek beging about 3 mi south of Mona
and Aows north to Mona Reservoir. Bjorklund (1967,
p. 40-42} estimated streamflow in Currant Creek in
1965-66 to be about 5,500 acre-ft/yr at a site that
became U.S. Geological Survey gaging station
10146400 and an additional 3,200 acre-ft/yr between
the gaging station and Mona Reservoir. These estimates
were determined from a seepage study on Currant
Creek in March 1966 {Bjorklund. 1967, p. 42} and rela-
tions between flow in the creek at that time and dis-
charge measured from spring (D-12-1)6dde-S1 at
Burriston Ponds trom May 1963 to March 1966, Virtu-
ally all of the flow in Currant Creek during 1965-66
(8,700 acre-ft/yr) is belicved to be derived from
ground-water discharge to springs and seeps in the area.
which is referred to as base flow. Streamflow during
this period likely was not affected by residual ground-
water discharge resulting from greater-than-average
precipitation and surface-water inflow because it was
preceded by 9 years of generally less-than-average pre-
cipitation,

Gaging-station records are available for Currant
Creek near Mona (U.S. Geological Survey gaging sta-
tion 1146400} from 1979 through the present (1995},
Average annual streamflow for water years 1979-43 is
about 25,400 acre-ft, which is much greater than the
discharge measured by Bjorklund (1967} during 1965-
66. Greater-than-average precipitation during this
pericd resulted in an increase in water stored in and dis-
charged from the unconsolidated basin-fill deposits and
an increase 1n streamflow from mountain streams.
Average annual streamflow for Currant Creck at U.S.
Geologicai Survey gaging station 10146400 for water
years 1990-93 was about 7,300 acre-ft. Average annual
precipitation measured at Nephi during this period was
less than the 1931-93 average.

West Creek begins west of Nephi and Agws north
to Currant Creek. Most of the water in West Creck
originates as strcamflow diverted from Salt Creek into
an irrigation distribution system or as local snowmelt
runoff, Water that has seeped from the irrigation distri-
bution system and irrigated ficids to the ground-water
system moves toward the axis of the valley where it 1s
discharged as diffuse ground-water seepage to West
Creek. A reconnatssance of streamfow in West Creek
was done in December 1993, Selected discharge-mea-
surement sites are shown in figure 6 and the measure-
ments are presented by Steiger {1995, table 10).

During periods of high low in the spring, water
in the Sait Creck channel in excess of the distribution-
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Table 1. Estimated average annual streamflow for drainages on the east side of Juab Valley, Utah

[— . no data or noi applicable]

Estimated average annual Estimated average Estimated flow
streamflow {acre-feet per year) annual streamflow ogcurring
determined from: assumed to be more during the:
Drainage name Drainage Mean Regression Ohservations or representative of
area altitude equation and estimated actual conditions Nonirrigation Irrigation
{square {feet) gaging-station consumptive {acre-feet season season
miles) records use per year} {percent} (acre-feet) (percent} {acre-feet}
Northern part
Wash Canyon 1.6 — — 1.500 11,500 32 500 &7 1.000
Nonh Creck 4.3 881G 1.200 3.000 3.000 32 1004 67 2.000
Pole Canyon 4.5 BE 1,300 500 1500 50 250 50 250
Bear Canyon 21 — — 2.200 2.200 43 930 57 1,300
Couch Canyon 1.8 — — 2,200 12200 50 1,100 50 L100
Clover Creek Spring — - — 2.200 P2200 50 1.1G0 56 1100
Willow Creek 6.9 8,530 1,700 2,200 2,200 43 950 57 1.300
Birch and Little Birch Creeks 26 — — 500 500 33 160 a7 340
Salt Creek 95.6 7.380 222,600 — 22,600 22 300 78 M5800
Biglows Canyon 38 6,900 544 — 540 33 180 67 360
Old Pincry and Suitors Canyons 7.3 T.180 1,300 — 1304 33 430 67 &
Fourmile Creek 131 7.700 3.300 2,200 2200 43 950 37 1,300
Taial {rounded) 31000 12 0043 27,000
Southern part
Pigeon Creek 139 7400 2.900 2.500 2,500 16 460 84 2400
Chicken Creek 279 7410 %6200 — 6,200 Y16 %930 ‘a4 Sy900
Deep Creek ii.l 7.520 2.500 2,200 2.500 16 400 84 2,100
Litle Sali Creek 19.5 7.150 3.600 3300 3.600 i6 380 B4 3000
Tetal (rounded) 15000 2400 12,400

*8ost of annual streamMow is fram spring discharge,

*Determined from gaging-station records. Includes 3.000 acre-feet per yoar estimaied to discharge from Bradley Spring. During the irnigauon season, an estumated 60 pereent of Bradley Spring discharge
ts used for public supply (900 acre-feet per vear) and 40 pereent for trngation (600 acre-feet per year).

*Extimated percent of flow in Salt and Chicken Crecks during the nonirmigation and irrigation seasons detcrmined fron gaging-siation records.

The quantity of Salt Creek streamtlow occurring during the nonirrigation season is calculated from an average annual streamflow of about 19,6060 acre-feet per year. During the irfiganon season, Mlow
from Bradley Spring used for irrigation is added 10 the average annual streamfow,

ADerermined from gaging-siation reconds Tncludes HX0 acte-feet per vear estimated 1o discharge o springs wsed for public supply.

*The quantiey of Chicken Creek streamflow occurring during the aonierigation and irmgation sexsons is calculated from an average apnual streamilow of about 5800 acre-fee per year.
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system capacity is routed to a floed-control channel
called Big Holow that terminates at West Creek (fig.
6). The addition of this surface water (fig. 6, site 1-4)
resulted in almost 15 times more streamtlow measured
in West Creek at (C-12-1)24cdd (fig. 6, site W-7) on
May 24, 1943, than on December 14, 1993, during
basc-flow conditions. Ditches were observed transport-
ing water from West Creek and from sceps and springs
downstream from site W=7 during the reconnaissance.
Water from West Creek was followed to ditches in the
seepage arca south of Burriston Ponds (fig. 6, site W-8).
Totaf discharge measured m the ditches was 324
gal/min or about 500 acre-it/yr, which is assumed to
dram to Currant Creek. West Creek intersects Currant
Creck just downstream from Burriston Ponds, accord-
ing to the U.S. Geologicai Survey 1:24,000 topographie
quadrangie map of the area. Streamflow in West Creek
is inciuded in the estimate of streamflow in Currant
Creek at U.S. Geological Survey gaging station
H146400.

Chicken Creek. in the southern part of Juab Val-
icy, receives pround water discharged to springs and
seeps in unconsolidated basin-Hll deposits near
Chicken Creck Reservoir. Most of this discharge is
removed by evapotranspiration. Streamflow in Chicken
Creek from the meuntain tfront typically does not reach
Chicken Creek Reservorr except during high-runoft
years because of diversions for irrigation.

Distribution Systems

Canals, ditches, and pipelines are used to distrib-
ute water from near the mountain fronts to downgradi-
ent irrigated fields in Juab Valley. These systems are
generally lined near the mountain fronts, except for the
Salt Creek channel through Nephi. The distribution
systems carry surface water, ground water discharged
from wells, or both. The potential for seepage to the
ground-water system exists where the canal or ditch is
unlined or is in disrepair and the hydraulic gradient
between it and the unconselidated basin-fili deposits it
crosses is downward. Guains to the canal or ditch from
the ground-water system can occur where the hydraulic
pradient 15 upward.

Streamflow scepape studies done in 1993 on Salt
Creck and sefected diversions from the creek in the
Nephi area indicated that both gains to the stream and
tosses to the ground-water system occur. The stream
was measured at six sites from near the mountain front
ey the end of the south main diversion (fig. 6, sites S-1
through S-6), a distance of about 3 mi, on August 9-11
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and November 3-5, 1993, Two distribution ditches, one
congrete lined (hg. 6, sites T-7 and C-1 through C-3)
and the other unlined {fig. 6, sites -1 through [D-3),
also were studied for seepage on August 9-11, 1993,
Three sets of discharge measurements were made dur-
ing cach period at selected sites, including turnouis
{diversions of water from the stream, canal, or ditch)
and return-How points {diversions of water to the
stream, canal, or ditch), and are listed by Steiger (1995,
tabie 9). Continuous water-stage records for selected
reaches penerally indicate that adjustments for fluctua-
tions in streamfiow throughout time are not necessary.

Net gains and losses for the reaches determined
fronm selected streamflow measurements made during
the secpage studies are shown graphically in figure 7.
The streamfiow that would be expected at the down-
stream end of the reach was computed by subiracting
the flow measured af the turnouts and adding the flow
measured at the return-flow points within the reach to
the streamflow measured at the upstream end of the
reach. This caleulated vaiue was subtracted from the
value measured at the downstream end of the reach 1o
determine the seepage gain or loss between the
upstream and downstream ends of the reach. These cal-
culations were made for cach set of measurements.
Computcd secpage values were plotted as a function of
reach length. A dashed hine was fitted through the plot-
ted points for each reach, and the rate of gain or loss
was estimated {rom this line.

Within a given reach, the scepage pain or loss
varied in cach set of discharge measurements. This
variation is shown by the seatter of the plotied points in
fipure 7. The scatier is attribuiéd to one or more of the
foliowing: (1) poor measuring conditions, (2) changes
in the rate of seepage, and (3) the possibility that a
water user changed the volume of flow in his turpouts
or return-fow points during the time of the discharge
measurements.

Streamflow measurements made on Salt Creek
and its south main diversion in August took place dus-
ing thunderstorms which created unstable tlow and thus
variable discharge measurements. The scatter in this set
of discharge measurements precludes its use to estimate
seepage. The seepage study made in November was not
affected by precipitation and no inflow from return-
tflow points was measured because irrigation wells that
supplement flow tn Salt Creek were not being pumped.
The average of the three discharge measurements made
in November was 15.4 /5 ut site §-2 (Salt Creek on
the east side of Nephi) and 158 fi'/s at site $-6 (the
south end of the south main diversion). Generally, the
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measurements were rated as being within 5 to 8 percent
of the actual discharpge. Many of the reaches had calcu-
lated gains or losses of the same order of magnitude as
the measurement error. A graphical determination of
the change in flow, based on at Ieast three sets of mea-
surements, reduces the effeets of vanation in flow
causcd by measureinent error.

Measurements of streamflow in Salt Creck on
November 3-5, 1993, indicated no net change in flow
for reach S-1 to S-2 {0175 mi), a nct loss of about 0.9
ft’/s to the ground-water system for reach S-2 to 8-3
({84 mi}, and a net gain of about 1.3 ft¥s to the stream
for reach §-3 to -4 (.74 mi). The net {oss in flow in
reach S-2 1o §-3 might be caused by coarse-grained
material underiying the streambed and a downward
hydraufic gradient that would allow part of the stream-
flow to enter the ground-water system. The net gain in
flow in reach §-3 to 8-4 might be discharge from a shal-
lower part of the ground-water system that 1s recharged
by fawn and garden watering. Reach §-4to §-5, part of
the south main diversion from Salt Creek, had a net loss
of about 0.7 £t/s in 0.93 mi. The loss in Aow in this
reach is probably the result of seepage to the underlying
coarse-grained material and lesser amounts of upgradi-
cnt unconsumed irrigation water seeping into the ditch.
Reach S-5 1o S-6 had an estimated gain of about (1.2
ft*/s in 0.31 mi. This gain in flow is attributed to seep-
age to the ditch from upgradient unconsumed irrigation
water. No change in flow was indicated in reach T-2 1o
H-1, a concrete-lined ditch on the east side of Nephi.

Irrigation water is distributed from the south
main diversion {S-4 t¢ 5-6) westward through four
major ditches, most of which are lined with concrete.
Streamflow measurements made in two ditches {fig. 6,
sites T-7 1o C-3 and D-1 to I2-3) in August 1993 indi-
cated net fosses in flow, In the southernmost concrete-
lined ditch {T-7 to C-3), no change in flow was calcu-
fated for reach T-7 to C-1 (0.43 mi), A loss of about 1.2
ft%/s in 1.19 mi was calculated for reach C-1 1o C-3.
Broken sections of concrete allow scepage to underly-
ing coarse-grained material. In the southernmost
unlined ditch (D-1 to D-3), a pain in How of about (1.8
fr¥fs in 0.64 mi was calculated for reach D-1 to D-2 and
a foss in flow of about 1.2 ft¥s in 0.46 mi was calcu-
lated for reach [2-2 to 2-3. The gain in low in the upper
reach of the ditch (D-1 to ID-2) is probably the resuit of
secpage to the ditch from upgradient unconsumed irei-
zation water. The loss in the lower part of the ditch (D-
2 10 2-3) is probably the result of seepage to underlying
coarse-grained matcrial,
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Reservairs

Mona and Chicken Creek Reservoirs store water
in Juab Vailey for use outside of the valley. Both reser-
voirs are at the lowest parts of Juab Valley and arc
underiain by fine-grained material. All surface water
flowing out of the valley, except for that at the southern-
most end, must pass through one of these reservoirs.

Mona Reservoir is used to store water for irriga-
tion in Goshen Valley, about 4 mi northwest of Juab
Valley. The reservoir receives water from Currant
Creck, flowing wells along its castern edge, and springs
and seeps. Mona Reservoir has an estimated average
surface area of about 640 acres {1 mi2) (Bjorkiund,
1967, p. 42). Streamflow in Currant Creek ncar Goshen
(U.S. Geological Survey gaging station 101465003,
downstream from Moena Reservoir (pl. 1}, was moni-
tored from 1933 to 1960. The monthly streamfow at
the gaging station for this period ranged from 1.91 ftrs
in March to 57.4 ft¥/s in May and represents reguiated
streamflow from Mona Reservoir. Annual streamflow
ranged from about 19,400 acre-ft in 1954 to about
13,500 acre-ft in 1960, The average annual streamflow
from Mona Reservoir during this period was about
15,800 acre-f1, Direct precipitation on the reservoir is
about 750 acre-ft/yr {14.0 infyr x 640 acres) and evap-
oration from the reservoir is about 3,000 acre-ft/yr
(56.2 infyr measured at Utah Lake x 640 acres). Asa
result, the average net water loss from Mona Reservoir
is about 18,000 acre-ft/yr.

Chicken Creek Reservoir stores ground-water
discharge and local precipitation runoff in the southern
part of Juab Valley. The water is used for irrigation in
the Mills area, about 4 mi south of Juab Valley. The res-
ervoir has an estimated average surface area of about
300 acres (Bjorklund and Robinson, 1968, p. 39). The
average streamflow from Chicken Creek Reservoir is
cstimated to be about 2,500 acre-ft/yr, although less
water has been available for release in recent years
(Max Williams, Juab Lake Irrigation Co., oral com-
mun., 1994). Direct precipitation on the reservorr is
about 330 acre-fi/yr (14.2 infyr x 300 acres) and evap-
oration from the reservoir is about 1,350 acre-ft/yr
(53.8 in/yr x 300 acres). As a result, the average net
witer loss from Chicken Creek Reservoir is about
3.500 acre-tt/fyr.



Ground Water

QOccurrence

The consolidated rocks that surround Juab Valiey
contain and transmit variable amounts of ground water.
Permeabitity, through pore spaces and fractures, con-
trols the rate of ground-water mevement through the
rock. The southern Wasatch Range contains fractured
carbonate rocks with bedding planes that dip to the
west, toward Juab Valley. This arca receives farge
amounts of precipitation refative to the rest of the study
arca, The potential exists for water to move through
fractures and discharge below land surtace to unconsol-
idated basin-fill deposits in Juab Valley. The rocks that
make up the San Pitch Mountains generally are less
fractured, dip to the east (away from Juab Valley), and
receive less precipitation because they are at a lower
altitude than those of the southern Wasatch Range.
Ground-water fow through fractures and discharge to
springs in the study area is less from these rocks than
from rocks in the southern Wasatch Range. Consoli-
dated rocks bounding the west side of the valley receive
less precipitation than those bounding the east side,
which results in less ground-water recharge. Estimates
of spring discharge from consolidated rocks east of
Juab Valley are included in streamflow estimates for the
major stream drainages {see “Streams” section of this
report).

The saturated unconsolidated basin-fll deposits
form the principal ground-water system in Juab Valley.
Ground water generally occurs in the more permeable
layers of sand and gravel that are separated by less per-
meabie layers of clay and silt and is under unconfined
and confined conditions. The alluvial fans on the east
side of the valley consist of unsorted debris-flow depos-
its of relatively low permeability adjacent to the moun-
tain front and of interbedded silt, sand, gravel, und
cobble deposits of relatively high permeability in the
valley. Poor sorting generally decreases the permeabil-
ity of coarse-grained matertal. The alluviai-fan deposity
are coarser grained near the mountain fronts and finer
grained in the lower arcas of the valley. Ground water
is generally uncontined near the mountatn front, where
severul hundred feet of unsaturated material overlie the
water table. Ground water in lower areas of the valiey
also is unconfined and is at or near land surface.
Unconfined conditions typically occur between land
surface and the first confining layer in the subsurface.
These confining tayers are generally within 50 {t of land

surtace, although their depth, thickness, and presence
in the valley is variable.

Fine-grained material that can confine ground
water was deposited in lacustrine depositional environ-
ments in the lower-elevation areas of Juab Valley, pri-
marily at the northern and southern ends. Thin.
discontinuous layers of clay, interbedded with coarser-
graincd materzal, were deposited in fluvial environ-
ments. The areas west of Nephi and near Levan (figs. 3
and 4) contain relatively thin confining layers in the
subsurtace. Ground watcer in these arcas gencrally is
confined.

Ground water in the unconsolidated basin-till
deposits in Juab Valicy can flow from unconfined to
confined conditions if the hydraulic gradient is down-
ward and from confined to unconfined conditions it the
hydraulic gradient is upward. Generally, recharge to
the ground-water system occurs in areas where a down-
ward hydraulic gradient exists and discharge from the
system occurs in argas where an upward hydrauhic gra-
dient exists.  The area delineated as wetlands by the
U.S. Department of Agriculture, Soil Conservation
Service (written commun., 1993) (pl. 1} is oriented gen-
eratly along the axis of the valley and corresponds to
where ground water is discharged by evapotranspira-
tion. The ground-water divide that separates the
ground-water system into the northern and southern
parts in Juab Valley is believed to be near the topo-
graphic divide within the valley. Levan Ridge. Ground
water recharged at the ground-water divide flows away
in both directions, north and south.

The depth to the bottom of the unconsolidated
basin-fill deposits that form the ground-water system in
Juab Vailey is not known. The continuous reflector
determined from seismie-reflection data at about 1,200-
2.300 ft below land surface (see “Geology™ section of
this report) may represent the boundary between
unconsciidated and semiconsolidated basin-til]l depos-
its in the valley. Inother similar basins in Utah, the per-
meablc deposits that yield water readily to wells occur
in the upper 700 to 1,500 ft of basin fill (Gates, 1987, p.
79). Basin-fill deposits at depth likely become semi-
consolidated to consolidated and are much less perme-
able than shallower unconsolidated deposits. Because
there is little well data available in Juab Valley for
depths greater than 1,000 ft, the discussion of the
ground-water flow system in the valley generully
applies only to the upper 1,000 ft of unconsolidated
basin-All deposits. Recharge, flow, and discharge dis-
cussed in this report are assumed to oceur only in the
upper 1,000 ft of unconsolidated basin-fiil deposits.
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The ground-water budget estimated for uncon-
solidated basin-fill deposits in the nerthern and south-
ern parts of Juab Valley under average conditions is
presented in tabie 2. Average conditions include 1963-
93 precipitation and ground-water pumpage data and
vartous periods of record for U.S. Geological Survey
gaging stations in the study area. Average conditions
represent the period of established ground-water pump-
age from wells. The methoeds and computations used
to derive the individual budget components arc
described and guantified in the following scctions.

Recharge

Recharge to the unconsolidated basin-fill depos-
its 1 by seepage from streams, unconsumed irngation
water, and distribution systems; infiltration of precipi-
tation; and subsurface inflow {rom consoelidated rocks
that surround the valley. Recharge varies annually but
was estimated to be about 42,000-46,000 acre-ft/yr in
the northern part and about 12,000 acre-ft/yr in the
southern part, under average conditions.

Seepage from Streams

All of the perennial streams that enter Juab Val-
ley from the east have been connected to a distribution
system for trrigation. Streamflow during the irrigation
season (April to September) was estimated to be some
percentage of the estimated average annual streamfow
from the drainage on the basis of gaging-station records
and observations from representatives of local irnga-
tion companies (table 1). Irrigation-season streamflow
15 abour 27,000 acre-tt in the northern part and about
12,400 acre-ft in the southern part of Juab Valley.
Because most of the Alow during this period is diverted
for frrigation, recharge to the ground-water system
from streamflow is from losses during transmission or
as unconsumed irrigation water (see *'Seepage from
unconsumed irrigation water and distribution systems”
section of this report). Ephemeral streamflow to the east
side of Juab Valley is assumed to be small, and seepage
from ephemeral streams to the ground-water system is
included with the estimate of recharge from subsurface
inflow frem consolidated rocks to the east side of the
valley.

Strcamflow during the nonirrigiation season
{October to March) generally is transmitted through
pipelines, canals, and ditches to the valley. Streamfiow
from North and Wiliow Creeks and trom Pole, Bear,
and Couch Canyons is directed back into the stream
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channel near the mountain front in the winter. Stream-
flow that occurs during the nonirrigation season is
assumed to recharge the ground-water system at a rate
of 100 percent because of low evapotranspiration rates:
the permeable nature of the alluvial-fan material; and
the observation that nong of the surface water that
enters the valley at the mountain front, with the excep-
tion of Salt Creek, Aows to the center of the valley.
Nonirrigatien-season streamfilow is about 12,000 acre-
It in the northern part of Juab Valley and about 2.400
acre-ft in the southern part (tables i and 2).

Ephemeral streams that enter Juab Valley on the
west side from the West Hills and Long Ridge recharge
the ground-water system only after periods of greater-
than-average precipitation and intense rainstorms.
Measurements or observations of streamflow in this
area were not made during this study. Recharge to the
ground-water system {Tom streams that enter the valley
on the wesl side and from subsurface inflow from con-
solidated rocks on the west side was estimated to be [0
percent of the estimated annual streamflow that enters
Juab Valley on the east side. This estimate 1s based on
the lower drainage-basin altitudes and the correspond-
ing smaller amounts of precipitation received. Addi-
tional data are needed to refine this rough estimate.
Recharge trom subsurface inflow and seepage from
ephemeral streams to the west side of Juab Valley is
about 4,200 acre-ft/yr in the northern part and about
1,500} acre-ft/yr in the southern part {table 2).

Seepage from Unconsurmned Irrigation Water and
Distribution Systems

An estimated 36,000 acre-fUyr of surface water
was diverted and an average of about 20,000 acre-ft/yr
of ground water was pumped during 1963-93 for irriga-
tion in Juab Valley. The amount of unconsumed irriga-
tion water and distribution-system losses assumed to
recharge the ground-water system was estimated to be
about 30 percent of the surface water diverted and
about 10 percent of the ground water pumped for irri-
gation. This is about 8,700 acre-ft/yr in the northern
part and about 4,300 acre-ft/yr in the southern part of
the valley (tables 2 and 3). About 20 percent of the irri-
gation water applied to the fields is estimated to be lost
by water moving off of the fields and by evaporation,
The remaining water, about 50 percent of the diverted
surface water and 70 percent of the ground water
pumped for irrigation, is available to meet the con-
sumptive-use requirements of the erops.



Table 2. Estimated ground-water budget {or unconsolidated basin-fill deposits under average conditions, Juab Valley, Utah

i - not applicable]

Budget Flow Percent Flow Percent
component {acre-feet of {acre-feet of
per year} total per year} total

Northern part Southern part

Recharge

Seepage from nonirmigation-season sieeamilow

Seepage from unconsumed irmigation water and
distribution systems

Seepage from irrigation-scuson streamflow not
included n the unconsumed wripation waier
and distribubion-system losses component

Infiliration of precipitation

Subsurface inflow and seepage from ephemeral
streams (o east side of valley

Subsurface nllow znd seepage from ephemeral
streams o west side of valley

Total recharge (rounded)

Discharge

Wells
Pumped for irripation and public-supply use
Pumped for domestic and stock use
Flowing weiis
Well total (rounded)

Springs and seeps

Secepage to Currant Creek upstream from gaging

station 10146400

Seepape o Cummant Creek downstream from gaging

station 10146400
Seepage o Mona Reservoir
Palmer Spring
Seepage to Chicken Creek Reservoir
Springs and seeps total (rounded)
Cvapotranspiration

12,000

8,700

754
3800

2,500 16,500
4,200

42 .000-46 000

14.500
150
1.700
16,300

5.500

3,200
5,800

14,500
10,200

Subsurface outliow from consolidated rock/uncansolidated

basin-fill deposit boundary

Total discharge (rounded)

1LOK3-5,060

42,000-36,00¢

26-28

1921

30-36

9-10

100

2,440

+4.300

12,000

5.300
50
904
6,300

700
1104
1,800

3,900
1

12.000

20

1003

UIncludes an estimated 500 acre-feet per year of seepage o West Creek and 1200 acre-feet per vear of discharge to the southeasi spring ai

Hurriston Ponds, (D-12-136dde-S1.
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The partitioning of recharge to the ground-water
system that is derived {rom surface-water streamfow
and ground-water pumped from wells is based on an
analysis of the average monthly consumptive use of
water by alfalfa in the Levan area (U.S. Depariment ot
Agpriculture, 1969, table 9). Water used for irrigation
was assumed to be applied in accordance with the pat-
tern of potential crop consumptive use and ground
water was assumed to be used only to supplement
streamflow. Under average conditions, the total amount
of water available to meet crop demands during the irri-
gation season in the northern part of Juab Valley is
about 22,000 acre-ft (1able 3); of this amount, about
12,000 acre-ft 1s derived from sireamflow {equivalent
t0 50 percent of the surface water diverted for irriga-
tion} and about 10,00 acre-tt is derived from ground
witer puniped from wells (equivatent to 70 percent of
the ground waler pumped for irrigation). About 40 per-
cent of the potential crop consumptive use occurs from
April to June, and 40 percent of the surface and ground
water available to the crops 1s about 8,800 acre-ft.
Because ground water is a supplemental source for irri-
gation, it 1s not assumed to be used until all streamflow
has been used. Because the 8,800 acre-fiyr is about 70
percent of the streamflow available for crop use, no
ground water was assumed to be needed for irrigation
during April to June. The remaining 30 percent of the
irngation-season streamflow available for crop use and
70 percent of the ground water pumped from wells are
used to satisty the consumptive-use requircments of the
crops during July to September.

The difference between the estimated amount of
water available for crop use (22,000 acre-11) and the
estimated amount of water consumed by the crops
{23,000 acre-{t) calculated for the northern part of the
villey is less than 5 percent. This indicates that enough
water 1% applied to mect the consumptive-use require-
ments of the crops.

The estimated amount of surface waler used for
irrigation in the northern part of Juab Valley does not
include streamflow during the irrigation season from
Biglows. Old Pinery, and Suttons Canyons and Four-
mile Creek south of Nephi. Water from these drainages
probably is used to irrigate some land at the mountain
front, but these arcas were not shown on recent maps of
irrigated areas in the valley (Bookman-Edmonston
Engmeering, Inc., written commun., 1993}, About 30
percent of the irrigation-season streamflow from these
drainages (750 acre-ft) (table 2) is estimated to recharge
the ground-water sysiem.
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Canals and ditches are the primary method used
in the valley to distribute water to irrigated fields.
Losses to the ground-water system are likely where the
diverted waler crosses permeable material, such as
along alluvial fans, and where a downward hydraulic
gradicnt ¢xists between the canal and the underlying
unconsolidated basin-fill deposits. Distribution systems
in these arcas generally are lined with concrete or pipe
to reduce losses to the ground-water system and to
evaporation, A seepage study done on a concrete-lined
ditch and an untined ditch southwest of Nephi indicated
some nel seepage to the ground-water system from both
ditches (see “Distribution systems” section of this
report). The concrete-lined ditch was broken in several
places, resulting in the potential for losses. Water used
for irrigation in Juab Valley was not ditterentiated by
distribution-systemn lining or irrigation method because
of a lack of data and to simplify the process of estimat-
ing secpage from unconsumed irrigation water and dis-
tribution systems.

Seepage from distribution systems to the ground-
water system during transmission to irrigated fields is
estimated to be greater in the spring when streamflow
rates are high and evapotranspiration rates are low in
comparison to the rest of the irrtgation season. Trans-
mission losses to the ground-waler system in the sum-
mer months are assumed to decrease because less water
is available for diversion. Water also is lost by moving
off of the irrigated ficlds as tail-water runott and from
evaporation and thercfore is not available to the crops
or 1o the ground-water system. These losses were esti-
mated to be 20 percent of the water diverted from
streams and pumped from welis for irrigation. More
water 1s lost as tail-water renoft from Hood-irrigated
ficlds than from sprinkler-irrigated fields, and a greater
percentape of the water lost in the spring is to tail-watcr
runotf. In the summer, losses to evaporation increase as
losses to tail-water runoft decrease.

Field mapping of irrigated acreage done during
1992-93 {Bookman-Edmonston Engineering, Inc.,
written commun., 1993) included areas that had been
irrigated in the past. Streamflow during the irrigation
season and ground water pumped by irrigation wells
can be applied to about 11,400 acres in the northern part
and about 7,400 acres in the southern part of Fuab Val-
ley (table 3). A representative net crop-consumptive
use rate of 24 infyr (2.0 ft/yr) was estimated on the basis
of crop type and crop acreage in Juab Valley (Fred Bar-
nes, Franson-Noble and Associates, Inc., written com-
mun., 1993). The amount of irrigation water nceded by
crops is approximated by multiplying this rate by irri-



Table 3. Estimaled recharge from unconsumed irrigation water and distribution-system losses to uncensoclidated basin-fill deposits, Juab Valley, Utah

[ - not applicable)

£2

Ground-water Streamflow Recharge Percent of Irrigation Irrigated Crop Difference between
Location pumpage used from water water diverted water area  consumptive water available
for irrigation for diverted for for irrigation available for {acres} use for crop use
{acre-feet irrigation irrigation that recharges crop use {acre-feet and crop
per year} {acre-feet {acre-feet ground-water (acre-feet per year) consumptive use
per year) per year) system per year) (acre-feet per year}
Northern part1

1963-93 averapge pumped for irrigation

North of Mona Reservolr 200 1000 320 27 630 500 1,00 -7
North Creck arca 3.000 2.000 9K} 18 3.100 1.5(0) 3,000 +100
Maona area 1.00K) 3000 1,600 27 3,200 2,200 4.400 1,200
Nephi area 10,300 16,100 5,900 22 15,200 7,200 14.400 +500)

Total (rounded} 14,500 24,000 B.700 — 22,000 11,400 23.000 -HX)

199%0-92 average pumped for irrigation

Nonh of Mona Reservotr 400 1.000% 340 24 780 SO0} LX) =220
Nonh Creek area 3,300 2.000 930 13 3300 1.500 3,000 + 300
Mona area 1,400 5.000 1600 25 3,500 2,200 4,400 90
Nephi area *12,500 16,100 6. 1K) 21 17,600 7204 14.4{0) +2.600

Total {rounded} 18.000 24000} 5.000 — 25,000 11.400 23.000 +1.R{K)

Southern part
1963-93 average pumped [or irrigation
Levan area {rounded) 5300 12.400 4.300 24 9,700 7400 15,000 -5.300
1990-92 average pumped for irrigation

Levan area (rounded) 8400 12,400 3.600) 22 12,000 7.400 15.00%) -3.000

'Does not include wrigated areas downstream from Biglows, 1d Pinery. and Suntons Canyons and Fourmile Creck south of Nephi. The exstimared irrigation-season sireamtlow from these dezinages
15 about 2,500 acre-feel per year.

o N . - . o .

“Ineludes ground wuter pumped frem a well for public supply in Nephi to supplement water from Bradley Spring.



gated area. [rrigated crops in Juab Valley require the
diversion of about 38,000 acre-fit/yr of water.

The irrigated arca determined from aeriul photo-
graphs and field surveys was about 13,500 acres in
1966 1n the northern part of the valley (Hyatt and oth-
ers. 1969, table 273 and about 3,900 acres in the early
1960 in the Levan arca (U.S. Department of Agricul-
ture, 1969, table 93, A companson of {and irrigated in
the 1960's and in the carly [1990's indicates that irri-
gated area has decreased slightly in the northern part of
the valley and has almost doubled in the southern part.
The addition of 12 irrigation wells since 1963 in the
Levan arca corresponds with the increase inirrigated
area.

Because the increase in water pumped from wells
in the southern part of Juab Valley is a result mainly of
an increase inirrigated arca, ground-water pumpage in
this arga was averaged for the 1990-92 period to corre-
spond with the 1rrigated areas mapped during 1992-93,
Recharge to the ground-water systern from uncon-
sumed irrigation water and distribution-system losses
using a 1990-92 average pumping rate of about 8,400
acre-ft/yr is about 4,600 acre-fi/yr (table 3). The differ-
ence between the estimated amount of water available
tor crop use (12,000 acre-{t/yr) and the estimated
amount of water consumed by the crops (15,000 acre-
ft/yr) is a deficit of 3,000 acre-ft/yr (table 3). This
shortage may be caused by an cverestimation in the
area being irrigated and in the amount of water lost to
the crops by evaporation, tail-water runoft, and
recharge to the ground-water system. A limitation of
using the 1990-92 period 1s the effect of less-than-aver-
age precipitaiion on streamfiow from mountain drain-
apes and the resulting increase in ground-water pumped
from wells 1o meet crop requirements.

Infiltration of Precipitation

The average annual precipitation at Nephi and
Fevan from 1931 to 1993 was about 14.0in. (1.2 f1).
The northern part of Juab Vatiey contains about 65,880
acres (103 miz} and the southern part about 43,850
acres (69 miz) of unconsolidated basin-fill deposits.
Recharge to the ground-water system by infiliration of
direct precipitation was estimated to be 5 percent of the
average annual precipitation or about 3,800 acre-ft/yr
in the northern part and 2,600 acre-ft/yr in the southern
part of the valley {table 2}. This estimate of recharge
from precipitation is based on a range of values derived
from previous studies done on other ailuvial basins in
Utah. These studies indicate that 1 to 25 percent of pre-
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cipitation infiltrates to the ground-water system in arcas
receiving 8 to 16 in. of precipitation annually (Razem
and Steiger. {981, p. 13; Hood and Waddelf, 1968. p.
24: and Feth and others, 1966, p. 43}. Most infiliration
occurs after the winter snow melts.

Subsurtace Inflow

The amount of ground water that enters Juab Val-
ley on the east side from consolidated rocks at the
boundary with unconsolidated basin-fill deposits was
calculated as the differcnce between estimated total dis-
charge from the ground-water system and other forms
of recharge to the ground-water system. This method
assumes that the ground-water systemn is in cguilibrigm:
the amount of water that enters the system is the sume
as the amount that leaves the system. Seepage from
ephemeral streams on the east side of the valley is
included in the estimate for subsurface inflow from
consolidated rocks 1o the ¢ast side of the valley.
Recharge from subsurface inflow to the west side of
Juab Vailey is inciuded in the estimate for scepage from
streams on the west side of the valley.

In the northern part of Juab Valley, recharge from
subsurface inflow to the east side of the valley 1s esti-
mated to be from 12,500 to 16,500 acre-ft/yr (table 2).
The effect of ground-water pumpage from wells on
water levels indicates that most of this water enters the
ground-water system where Salt Creck enters the val-
ley. For cxample, the average annual discharge from six
wells in sections 4 and 3, Township 13 South, Range 1
East during 1963-93 was about 6,900 acre-ft. Although
the potentiometric surface in this area is fairly flat and
only a limited number of data points are available, no
cone of depression is evident {hg. 8). Recharge from
subsurface inflow to the area may compensate tor the
ground-water pumpage.

The difference between recharge and discharge
components for the ground-water system in the south-
ern part of Juab Valley, except tor recharge trom sub-
surface inflow and seepage from ephemeral streams, is
about 1,200 acre-ft/yr. The assumption that the ground-
water system is in equilibrium in this pant of the valley
may not be vaiid because of ground-water pumpage
from wells in the Levan area. On the basis of a limited
number of data points, the direction of ground-water
ow has been reversed near the mountain front east of
Fevan (fig. 8). Some of the residual water therefore
may be water removed from storage and some may be
recharge from subsurface inflow from consolidated
rocks on the east side of the vailey.



Flow

The approximate potentiometric surface during
March and April 1993 in the unconsolidated basin-fill
deposits in Juab Valley is shown in figure & The poten-
tiometric-surface map was made using water levels in
wells (Steiger, 1995, table 1}, generally from 100 10
300-£ deep, that were finished in unconsolidaied basin-
i deposits. This interval generally represents con-
fined conditions in the ground-water system. The direc-
tion of pround-water flow is perpendicutar to the
potentiometric contours in an isotropic aguifer. Ground
water generally flows from the mountain-tront recharge
areas (unconfined conditions) toward discharge areas
along the axis and ncar the lowest parts of the valley
{contined conditions}. The ground-water flow direction
is generally to the north in the northern pant of the val-
fey and to the south in the southern part, Water-level
data are not available in the area of the topographic
divide {L.evan Ridge) that separates the northern and
southern paris of Juab Valley, but the ground-water
divide 1s assumed to be near the topographic divide,

Ground-water pumpage from wells in areas near
and 1n Nephi and Levan has altered the direction of
ground-water flow from that of pre-ground-water
development time. In the spring of 1993, the direction
of flow tor water in unconsolidated basin-fill deposits
west of Nephi was from the southwest and the southeast
to the north {fig. 8}. In the spring of 1950, most of the
ground water in this area is believed to have come from
the east (Bjorklund, 1967, pl. 4). In the spring of 1993,
the direction of ground-water flow on the west side of
Levan was gencrally to the east {fig. 8} because of
ground-water pumpage from welis in the area. During
1963-64, the direction of low in the area was generally
to the west, although pumpage affected potentiometric
contours during this period also (Arnow and others,
1964, fig. 28).

Prior to the construction of irrigation-distribution
systems, most of the streamflow that entered Juab Val-
ley from the mountains on the cast infiltrated the
coarse-grained alfuvial-fan deposits and was recharged
to the ground-water system. A letter written by a Mona
area resident in 1891 indicated that high streamflow
rates resulting from snowmelt runoft in the spring and
the coarse-grained nature of the deposits near the
mountain front prevented the construction of a distribu-
tion system for water from North Creek. Because maost
of the streamfow in this area occurs in the spring,
recharge to the ground-water system would be the
greatest at that time also. Water levels in wells com-

pleted in unconsohdated basin-fll deposits under con-
fined conditions near Mona, downgradient from North
Creck, were reported to rise from June to August in
1891. This lag in water-level response to a recharge
pulse of about 2 months probably is caused by the time
of travel through unsaturated deposits near the moun-
tain front.

Three Aow paths that were hypothesized from the
potentiometric surface and from the occurrence of
recharge and discharge areas are shown in figure 8. A
fow path in the southern part of Juab Valley is hypoth-
esized from west of Levan to the ground-water dis-
charge area near the northeast end of Chicken Creek
Reservoir. In the northern part of the valley. a flow path
extending downgradient from where Salt Creek enters
the valley to the Burriston Ponds arca and a flow path
that represents ground-water fiow from the southern
Wasatch Range north of Nephi to the Burriston Ponds
area are hypothesized. These flow paths are substanti-
ated by the water chemistry, isotope, and geochemical
data analysis described in the “Chemical characteristics
of water” section of this report.

Discharge

Discharge from the unconsolidated basin-#l|
deposits in Juab Valley is by weils, springs, seeps,
evapotranspiration, and subsurface outflow to consoli-
dated rocks. Discharge varies annually, but was esti-
mated to be about 42,000-46,000 acre-fi/yr in the
northern part and about 12,000 acre-ft/yr in the south-
ern part of the valley, under average conditions
{table 2).

Wells

Ground-water discharge to wells completed in
unconselidated basin-fill deposits in Juab Valley is a
major discharge component of the ground-water bud-
get. Large-scale ground-water development for irniga-
tion hegan in 1947, when the first well with a relatively
large yield was drilled. Ground water in most of the
valley is used to supplement surface water for irriga-
tion. and wclls capable of discharging large quantities
of water generally begin pumping after the spring
snowmeit runoff ends. More surface water is available
tor trrigation when precipitation is greater than aver-
age; consequently, pumpage from wells decreases.

The average annual ground-water discharpe to
wells in Juab Valley during 1963-93 was estimated to
be about 23,000 acre-f1, on the basis of data collected
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by the U.S. Geological Survey and summarized in a
scries of annual reports on ground-water conditions in
Utah (Allen and others, 1994, p. 38). These values
were modified to include ground-water discharge to
Howing wells. During this period, about 16,300 and
6,300 acre-ft/yr is estimated 1o discharge 1o wells in the
northern and southern parts of the valley, respectively
(lable 2).

Ground-water discharge to pumped wells in Juab
Valley was cstimated to be about 18,800 acre-ftin
1993, Most of this water, about 11,000 acre-t1 pumped
from 24 wells tn the northern part and about 7,100 acre-
ft pumped from 16 wells in the southern part, was used
for trrigation in the valley. An estimated 200 acre-ft/yr
was pumped from wells in Juab Valley for domestic and
stock use. with about 75 percent ot the (otal from the
northern part. Ground water pumped from wells in
1963 was reported to be 14,600 acre-1t in the northern
part and 2,600 acre-tt in the seouthern part of the valley
{Arnow and others, 1964, p. 51 and 55). The 1963-93
average annual ground-water discharge to pumped
wells for irrigation and public supply in the northern
and southern parts of the valley is about 14,500 and
5.300 acre-fUfyr, respectively (table 2).

Discharge to flowing wells in 1993 was estimated
to be 970 acre-ft 1n the northern part and 700 acre-1t in
the southern part of the valley. Most of this water flows
from large-diameter wells near Mona and Chicken
Creck Reservoirs and is stored in the reservoirs for irri-
gation outside Juab Valley, The remaining discharge to
Howing wells is used for stock watering in the valley.
Ground-water discharge to Howing wells in 1963 was
about 2,500 acre-f1 tn the northern part and 1,100 acre-
tt in the southern part. The flowing-well discharge mea-
sured or estimated in 1963 and 1993 was assumed to be
the average for each year. Another assumption made is
that flowing welis in the valley How throughout the
year, The decrease in flowing-well discharge trom 1963
to 1993 is prababiy the result of continued ground-
water pumpage in the valley coupled with less-than-
average precipitation during 1988-91. Flowing-well
discharge was assumed to lincarly decrease from 1963
to 1993, and the average discharge during the 1963-93
pericd was estimated to be 1,700 acre-ft/yr in the north-
ern part and 9 acre-ft/yr in the southern part of the
valley (tabie 2).

Springs and Seeps

Ground-water discharge from unconsolidated
basin-till deposits occurs as flow from distinet springs
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and as diffuse secpage, mainly in the low-lying areas of
Juab Valley where the hydraulic head of the ground
water 18 ahove land surface. Discharge to springs and
seeps generally has decreased as pumpage from wells
has increased in order for the ground-water system in
the valley to approach a new state of cquilibrium.
Average annual discharge 1o springs and seeps in the
unconsolidated basin-iill deposits was cstimated to be
about 14,500 acre-tt in the northern part and about
1,800 acre-ft in the southern part of Juab Valley (table
2). This estimate is based on data available tor 1963-
94,

Maost of the springs in the valley north of Nephi
discharge lrom the top of 2 continuous clay layer neara
land-surface altitude ol about 4,930 £t. This layer
extends from north of Nephi to north of Mona Reser-
voir in Juab Valley and ts described in several drillers’
logs as a blue clay that 1s as much as 30 ftthick.  Expo-
sure of the blue clay laycr at about this elevation by erc-
sion has resulted in ground-water discharge at land
surface. Ground water in the valley that moves down-
gradicnt along flow paths from the south and the east
intersects the blue clay layer at land surface and dis-
charges through springs in the vicinity of Burriston
Ponds (fig. 8), which were first described in 1776 by the
Dominguez-Escalante expedition as a “coplous run-
ning spring of good water” (Chavez, 1995, p. 74).

A northern and a southern group of ponds form
Burniston Ponds. Discharge measured from the outlet
for the northern set of ponds was 1.6 {ts in March
1966 (Bjorklund, 1967, p. 42). The spring at the south-
cast corner of the Burriston Ponds complex, (D-12-
136dde-S1 (pl. 1), discharged 2.7 £ts in March 1966,
which was about 534 percent of the streamflow mca-
surcd at the same time at the outlet for the southern set
of ponds (5.0 ft¥7s) {Bjorklund, 1967, p. 42}. The
remainder of How measured at the outlet for the south-
crn set of ponds originates at other sprinps and sceps in
the area. On the basis of correlation of four scts of flow
measurements made during 1965-66 at the southeast
spring at Burriston Ponds and at Currant Creek near
Mona (U.S. Geological Survey gaging station
i 1146400), discharge to the spring 15 about 22 percent
of streamfow at the gaging station, or about 1.200 acre-
tt/yr. Discharge to springs at Burriston Ponds is
included in the streamfAow estimated for Currant Creek
upstream from gaging station 101464k} (see “Streams”
section of this report).

Streamflow data for Currant Creek near Mona
(U.S. Geological Survey gaging station 10146400) for
water years 1990-93 was used o estimate ground-water



discharge to springs and seeps in the area. The 1990-93
average monthly streamflow in November, December,
and January was about 9 ft*/s. Streamflow during this
period is primarily base flow and represents ground-
watcr discharpe to springs and seeps. Average monthly
streamflow increased in February and was about 24
ft*/s in March. The increased flow results from both
valley and mountain snowmelt runoft. The 1990-93
average monthly streamfiow in July, August, and Sep-
tember (the period of peak ground-water pumpage and
evapotranspiration) ranged from aboui 5 to 6 s, 1t
undisturbed base-llow conditions are assumed to apply
from October through May (9 {t%/s for 243 days is 4,340
acre-t1) and pumping-influenced base-Now conditions
last from June through September (5.3 ft/s for 122
days 1s 1,330 acre-f1). then the average ground-water
discharge component ot llow at gaging station
10146400 is ahout 5,700 acre-ft/yr. This rate is simifar
to that estimated for 1965-66 (see “Streams™ section of
this report} and probably represents average annual
ground-water discharge to Currant Creek upstream of
the gaging station from springs and sceps.

Ground-water discharge to springs and seeps at
Mona Reservoir was estimated using water-budget
information presented by Bjorklund (1967, p. 42-43).
The outflow from Mona Reservoir, recorded for water
years 1954-60 at U.S. Geological Survey gaging station
10146500, averaged about 15,800 acre-tt/yr. Direct
precipitation to the reservoir was about 750 acre-ft/yr,
and evaporation frem the reservoir was about 3,000
acre-ft/yr (sce “Reservoirs” section of this report).
Flowing wells along the cast side of Mona Reservoir
were estimated to discharge about 2,000 acre-f/yr into
the reservoir during this period, and Currant Creek con-
tributed about 8,700 acre-ft/yr {see “Streams™ section
of this report). An estimated 1,500 acre-tt/yr of water
entcred the reservolr from local snowmelt runeft, on
the basis of 1990-93 strcamfow measurements made at
the Currant Creek near Mona gaging station. As a
result, discharge to springs and seeps at Mona Reser-
voir is estimated to be 5,800 acre-ft/yr (table 2).

Base flow to West Creck consists mostly of
spring and seep discharge from a shallow part of the
ground-water Aow system and is estimated to be about
500 acre-ttfyr. This How is included in the streamfow
estimate for Currant Creek upstream from gaging sta-
tion 10146400 {see “Streams” section of this report).

In the southern part of Juab Valley. springs
mainly occur northeast of Chicken Creck Reservoir, in
the area of sections 15 and 16, Township 15 South,
Range 1 West. The combined discharge to springs and

flowing wells in section 16 was measured in a channel
ncar Chicken Creck Reservoir at 1.2 (1%/s (830 acre-
ft/yr) in April 1994, An estimated 310 acre-ft/yr of this
amount is attributed to mventoried flowing wells. Dis-
charge to other lowing wells in the area not included in
the above measurement is reported o be about 390
acre-ft/yr. Other spring- or seep-fed channels are evi-
dent on acrial phatographs of the area, but flow was not
observed or measured.

Palmer Spring (pl. 1), (C-15-1)16cdb-81, is a rel-
atively large spring with a distinct orifice south of the
main spring area. The spring discharged about 1.0 ft'/s
of water from unconsolidated basin-hll deposits in
April 1994, which is equivalent to about 72{yacre-tuyr.
The relatively large amount of fow downgradient from
an area with relatively little recharge may indicate some
consolidation ol ground-water recharged from a larger
arca than springs to the north are recharged from. This
could require movernent through a greater thickness of
unconsolidated basin-fill deposits than springs that dis-
charge downgradient from the Chicken Creek drainage
reguire. Discharge to Palmer Spring Hows to Chicken
Creck Reservoir.

The amount ot ground-water discharge to other
springs and seeps in the Chicken Creek Reservoir area
that Aows to the reservoir was estimated by computing
a water budget for the reservoir. About 3,850 acre-tt is
estimated to leave the reservoir annually, 2,500 acre-f1
as outflow 1o the Mills arca and 1,350 acre-tt by evap-
oration from the reservoir (see “Reservoirs™ section of
this report). An estimated 350 acre-tft/yr is added by
direct precipitation and about 1,000 acre-ft/yr enters the
reservoir from local snowmelt runott, on the basis of
1990-93 streamflow measurements made at Currant
Creck near Mona. The residoal amount of water after
accounting for discharge to flowing wells (700 acre-
fi/yr), Palmer Spring (720 acre-ft/yr), and other mea-
sured springfow {520 acre-ft/yr) is about 550 acre-
fi/yr. An estimated total of about 1,800 acre-ft/yr dis-
charged to springs and seeps in the southern part of
Juab Valley in 1993 (table 2).

Discharge ITom some springs in the southern part
of the valley has decreased since the 19507, when
ground-water withdrawal from wells tor irngation
began. The amount ot water estimated to be discharged
Lo springs and seeps in 1993 therefore is likely less than
it was before ground-water development began. Data
are not available to estimate discharge to springs and
seeps prior o ground-water development or in 1963,
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Evapotranspiration

Ground-water discharge from unconsolidated
basin-fill deposits by evapotranspiration occurs where
the water table 15 near enough to land surface to support
phreatophyte growth, generally in lower-aititude arcas
of the valley. A phreatophyte is a plant that depends on
water from al or below the water table. The principal
phreatophytes in Juab Valley are meadow grasses, salt
grass, and greasewood with stands of salt cedar, cotton-
wood. and willew. About 6,615 acres {4,791 acres in
the northern part ot the valley and 1,824 acres in the
southern part) were mapped in 1988 as wetlands (U.S.
Department of Agriculture, Soil Conservation Service,
written cotnmun., 1993} (pl. 1). Evapotranspiration in
irrigated areas is accounted for in the cstimated amount
of water consumed by the crops and evaporated from
irrigated Aelds,

The average annual ¢cvapotranspiration rate for
the area north of Chicken Creek Reservoir is 25.5 in.
(2.1 fty and monthly rates range from 0.2 in. in January
to 5.6in. in July (U.S. Department of Agriculture 1969,
table 10). Bjorkiund (1967, p. 43) used a rate of 30 infyr
(2.5 fuyr} for the northern part of Juab Valley. At an
average annual evapotranspiration rate of 25.5 in.,
evapotranspiration is estimated to be about 10,200 and
about 3,900 acre-ft/yr for the northern and southern
parts of Juab Valley, respectively (table 2). Discharge
by evapotranspiration has decreased in the valley as
pumpage from wells has increased in order for the
ground-water system to approach a new state of equi-
librium.

Subsurface Outflow

Some ground water probably moves out of Juab
Valley through unconsolidated basin-fill deposits in
Currant Creek Canyon, north of Mona Reservoir, and
through unconsolidated deposits south of Chicken
Creek Reservoir. The umount of subsurface outflow
through these unconsolidated basin-All deposits is
probably minor compared with other estimated dis-
charge components because the deposits in these loca-
tions are thin and narrow. No data regarding subsurface
outflow to consolidated rocks in the southern part of
Juah Valley were collected during this study, but sub-
surface outflow is believed to be small relative to other
components of the groond-water budget.

Subsurface cutflow from the northwest side of
the valley to the consolidated rocks of Long Ridge is
indicated by water levels measured 1n the arca (fig. 8)
and by analysis of the ground-water budget for uncon-
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solidated basin-fill deposits in the Goshen area {Brooks
and Stolp, 1995). The amount of subsurface outflow
from the northwest part of Juab Valley was estimated
using Darcy's Law, which may be expressed as:

Q=T/IL (2)
where

@ = subsurface outflow from the ground-water
system, in ft3/d;
T = transmissivity, in ft%/d;
/= horizontal hydraulic gradient, dimension-
less; and
L = horizontal length of the contact between
consolidated rocks and unconsolidated
basin-fill deposits, in feet.
The length of contact where subsurface outAow was
estimated to occur extends from the north end of Mona
Reservoir to the north end of Juab Valley, about 3 ma
(15,800 ft). The hydraulic gradient determined from the
potentiometric surface of the area (fig. 8) ranges from
about 10 {t/0.3 mi (0.006) north of Mona Reservoir to
about 10 ft/}.1 mi {0.02) east of Mona Reservoir, The
average transmissivity at five wells near the northeast
end of and north of Mona Reservorir (fig. 9) is about
1,200 ft%/d. If five wells east of the reservoir are
included (fig. 9), the average transmissivity is about
2,000 fe/d. At these transmissivity values, subsurface
outflow from the northwest side of Juab Valley to con-
solidated rocks is estimated to range trom about 1,000
to 5,000 acre-ft/yr (table 2).

Hydrologic Properties

Transmissivity valucs for unconsolidated basin-
fill deposits at 76 wells in Juab Valley werc estimated
from specific-capacity values using a method described
by Theis and others {1963). The specific capacity of a4
well is the ratio of its discharge 10 115 total drawdown
(static water level minus pumping water level). Spe-
cific-capacity values for pumped wells were deter-
mined from information listed on drillers' logs and from
data collected by Bjorklund (1967). Transmissivity val-
ues estimated from b})eciﬁc-capaciry values ranged
from 40 to 80,000 ft</d (fig. 9). The largest values are
generaily near the east side of the valley where coarse-
grained material has been deposited and sorted by
mountain-front streams.

Transmissivity values estimated from specific-
capacity values are typically representative of rela-
tively permeable layers in the subsurface because wells
drilled for production purposes are commonly finished



in coarser grained, more productive zones and many of
the smaller-diameter wells penetrate only a small pan
of the saturated deposits.  Extrapolation of data to the
entire saturated thickness may result in an overestima-
tion of transmissivity. Well efticiency attects specific
capacity and generally results in an underestimation of
transmissivity (Theis and others, 1963). Results of
aguifer tests near Nephi indicate a much higher trans-
missivity value than the values determined from spe-
cific-capacity data. However, transmissivity values
determined from an aquifer test and from specific-
capacity data for wells southwest of Levan are similar.
Generally, aquifer tests are considered more reliable for
estimating transmissivity.

Hydraulic conductivity for coarser-grained inter-
vals of the unconsolidated basin-fiil deposits was calcu-
lated by dividing the estimated transmissivity values by
the total open interval of each respective well, Values
of hydraulic conductivity derived from these data
ranged from .60 ft/d at well (D-11-1)2%9cba-2 to 1,200
f/d at well {D-12-1)31aab-1. The average value was
100 ftid.

Slug tests were done on four wells in Juab Valley
to estimate the hydraulic conductivity and iransmissiv-
ity of the unconsolidated basin-fill deposits. Slug-test
data analyzed with the method described by Cooper,
Bredehoeft, and Papadopulos {1967} were used to esti-
mate transmissivity values for the ground-water system
of about 12,400, 150, 3,550, and 2,400 ft%/d at wells (D-
12-1)5bab-1, (D-14-1)édbb-1, (C-13-1)12acc-1, and
(C-15-1)!17bbb-1, respectively {tig. 9). Data for two of
these wells were analyzed using the Bouwer and Rice
method (Bouwer and Rice, 1976, and Bouwer, 1989}
and resulted in estimated hydraulic-conductivity values
of 2.4 and 53 ft/d at {D-14-136dbb-1 and {C-15-
1317bbb-1, respectively.

The slug-test method has himitations in estimat-
ing the hydraulic conductivity and transmissivity of a
ground-water system. The value determined is repre-
sentative only of the saturated material near the open
interval of the well being tested and is inftuenced by the
grain size of the material in the disturbed area around
the well casinp. Fine-grained material around the open
intervals of the well can impede the flow of water into
and out of the well if it has not been properly completed
and developed. The thickness of the developed zone is
typically unknown. Both the Cooper, Bredehoeft, and
Papadopulos {1967) and the Bouwer and Rice (1976)
metheds assume that the ground-water system is isotro-
pic and that leakage from above or below the developed
zone is not occurring.

Values of transmissivity and storage coefficient
for the unconsolidated basin-fill deposits were esti-
mated from muitiple-well aquiter tests at sites in Nephi
and southwest of Levan (fig. 9). Water-level chanpes
measured in wells (D-13-1)5dda-1 and 5ddb-2 in
response to pumping well (1D-13-1)5ddb-3. on the west
side of Nephi, were analyzed using the modificd Han-
tush method (Hantush, 1960). Transmissivity and stos-
age-cocfficient values determined from the test were
about 242,000 ft%/d and & x I{)'s, respectively. Bjork-
und ¢1967, p. 36} estimated the transmissivity in this
general area to be about 200,000 ft2/d on the basis of an
aquifer test. The unconsolidated basin-fill deposits in
this arca probably have been deposited and sorted by
Salt Creek. resulting in a large transmissivity relative to
the rest of the valley, and the ground-water system
tikely is unconfined.

In the sputhern part of Juab Valley, an aquifer test
was done by pumping well (C-15-1}10acc-1 and moni-
toring water-level changes in nearby wells. The
ground-water system in this area is confined and con-
sists of interbedded fine- and coarse-grained unconsol-
idated basin-fill deposits. The transmissivity of the
ground-water system, calculated using water-level data
from the pumped well and the straight-line method
described by Cooper and Jacob (1946}, is about 2,3(X)
£t2/d. Water levels measured in four observation wells
at distances ranging from 1,480 to 2,214 ft from the
pumped well were analyzed using the modified Han-
tush method (Hantush, 1960). A transmissivity value of
about 4,000 ft*/d and a storage-coefficient value rang-
ing from about 5 x 167 ta 5 x 1074 were computed using
this methed.

Leakage from confining tayers in the unconsoli-
dated basin-fill deposits to the pumped interval is indi-
cated by the water-level response measured in the
observation wells. The vertical hydraulic conductivity
of confining layers adjacent to the pumped interval is
estimated at about 2 fi/d using the modificd Hantush
method {Hantush, 1961, Data were not available to
determine vertical hydraulic-conductivity values of the
unconsolidated basin-fll deposits in other areas of Juab
Valley, but clay layers throughout the valley impede
vertical ground-water How rclative to horizontal flow.
Reported ratios of horizontal to vertical hydraulic con-
ductivity for heterogencous, anisotropic material can be
on the order of 100:1 or larger (Freeze and Cherry,
1979, p. 34).

Specific-yield (storativity under unconfined con-
ditions) of the unconsolidated basin-fill deposits was
estimated by comparing a compilation of specific yiclds
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for varicus materials in unconfined aquiters {Johnson,
1967, table 29) und descriptions of materials reported in
driflers logs. Values of specific yield in the valley
ranged from about 0.03 for clay to .25 tor gravel. The
storage coefficient (storativity under confined condi-
tions} of the unconsolidated basin-fill deposits 1s esti-
mated to range from 5 x 107 10 5 x 10°% on the basis of
aquifer tests completed in the valley and typically
ranges from 5 x 107 to 5 x 107 (Freeze and Cherry,
1979, p. 60}

Water-Level Fluctuations

Water levels werce measured in 71 wells in Juab
Valiey during 1962-66 and 1993 and in 122 wells in
March and September 1993 (Steiger, 1995, table 35 to
determine long-term and seasonal Auctuations. Mea-
surements also are available for selected wells from the
1930’s. Water-level fluctuations measured in most of
the wells resulted from variations in precipitation in the
valley and surrounding mountains.

Long-Term Fluctuations

Long-term water-level fluctuations gencrally fol-
iow climatic trends for the area. The relation between
water levels in selected wells measured in March or
April 1942-94 to the cumulative departure of the annual
maximum water content of snow from the 1942-94
average at the Payson Ranger Station snow course is
shown in Agure 0. The annual maximum water con-
tent of snow measured at the snow course includes most
of the precipitation that falls at the mountain site during
the winter and is assumed to be representative of annual
precipitation in the study area. Water levels measured
in March or April, betore ground-water pumpage from
weils begins for the year, are largely affected by precip-
itation that occurs the previous winter.

Greater-than-average precipitation during 1980-
87 corresponds with a rise in water levels measured in
most wells in the valley and the highest water level
measured in some wells. Less-than-average precipita-
tion during 1988-91 corresponds with a deciine in
water levels measured during 1988-93 in most wells, In
many wells, the fowest measured water fevel on record
s 1in 1992 or 1993, This water-level decline also is
atfected by increased ground-water pumpage forirrnga-
tion to supplement a decrease in the surface-water sup-
ply. Water leveils measured in well {D-11-1)17¢dd-1,
north of Mona, fluctuated almost 47 ft from a high of
19.94 fi beiow land surface in September 1984 toalow
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of 66.88 tt beiow land surface in September 1992 (data
available for 1975-94). Water levels measured in well
{D-13-1)dccb-2 in Nephi fluctuated more than 61 {t
from a high of 112.73 fi below land surface in Septem-
ber 1984 to a low of 174,10} ft below land surface n
September 1992 {data available for 1954-93) (hg. 11).
Water levels measured in well (ID-14-1330add-1 in
Levan Huctuated almost 93 ft from a high of 109,10 {1
below land surface in September 1984 to a low of
202.03 ft below land surface in May 1993 (data avail-
able for 1963 and 1976-94).

The effects of seasonal pumping for irrigation
can be secn on water levels measured in most welis in
the vallcy throughout the period of ground-water devei-
opment; however, long-term water-fevel fiuctuations
reflect chimatic trends and a decline caused by
increused ground-water withdrawal from wells gener-
ally is not apparent. Water levels measured in wells (D-
11-118add-1, {D-12-1)19cdc-1, (D-12-1)31cca-1, (D-
13-Dydech-2, (D-13-1Y7bbd-2, (C-14-1325bdd- 1. and
{C-15-1)t1bab-i (fig. 11) generally are higher in
March, before the start of the irrigation scason, and
tower in September, at the end of the trrigation season.
Water levels measured m well (C-14-1}14bad-1 (f1g.
113, about 2.5 mi northwest of Levan, do not seem to be
infiuenced by seasonal withdrawals or small changes in
annual precipitation, although greater-than-average
precipitation in the 1980's does correspond with a steep
water-level rise in the well. Well (C-14-1)14bad-1 is in
an arca with normally little recharge to and discharge
from the ground-water sysiem.

Water levels measured in wells in Juab Vailey
during March-April 1993 gencrally were Jower than
levels measured during March-April 1965 {fig. 12}.
Less-than-average precipitation during 1988-91 and
more ground-water discharge to wells in 1992 than the
1963-93 average amount affected water levels mea-
sured in 1993 in irrigated areas. Water levels rose from
March-April 1965 to March-April 1993 in areas along
the axis of the valley downgradient from irrigated
fields. An increase in recharge to the ground-water sys-
temn In irrigated areas from unconsumed irrigation
water probably is the cause of this rise.

Seasonal Fluctuations-

The scasonal effects of ground-water pumpage
and variations in precipitation are evident on water lev-
els from sclected wells in the valley (fig. 13). Water
fevels in wells (C-12-1)24dba-1, (C-13-1)1 1bbe-2, and
(DD-14-1)30dcb-1 are generally lowest in August, Sep-
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tember, or Octeber and highest in February and March,
Well {C-12-1)24dba-1 is in an arca where the ground
water is confined and s about 2 mi from any large irri-
gation wells. Water levels in this well rose after Sep-
tember, when pumipage for irmgation in the northern
part of Juab Valiey stopped. Water levels measured in
well (D-14-16dbb-1 showed a steady decline of about
2.4 tt from March 1993 1o March 1994 (tig. 13). This
well 1s near the ground-water divide that separates the
northern and southern parts of the valley, where no
pumping for irrigation takes place. This water-level
decline probably was caused by less-than-average pre-
cipitation. Water levels in well (D-14-1330deb-1 in
Levan declined about 30 ft from April to August 1993
(fig. 13), mostly as a result of ground-water pumpage
for irngation. The water levels recovered fully between
August 1993 and March 1994,
Comparisons of seasonal water-level fluctuations

m wells (D-12-119cde-1, (D-13-1)6¢cbe-1, and {C-15-
1)12aba-1 show the changes in response between 1937-
338 (prior to ground-water development in the valley)
and periods with ground-water pumpage (1965-66 and
{ory 1993-94) (Hg. 14}. Seasonal water-level response
mecasured in well (D-12-1)19¢de-1 changed trom an
annual peak in the early summer of 1937 to a prebable
peak in the spring of 1965 and 1993, Water levels
affected by ground-water withdrawals declined to an
annual low in August 1993 and in September 1965.
Although the pattern of seasonal water-level fluctuation
measured 1n well (D-13-H6cbe-1 did not change from
1937-38 to 1965-66, water levels did drop from 2 o

4 ft between the two periods. Water levels measured in
well (C-15-1312aba-1 were probably not affected by
ground-water development until sometime after 1966,
A low water level measured in August 1993 corre-
sponds to peak ground-water pumpage for irrigation in
the arca. The pattern of scasonal water-level Auctuation
measured in well {I2-11-1)8aad-{ during 1993-94 15
similar to that of 1965-66 (hg. 14},

Chemical Characteristics of Water

Water-chemistry data for samples cotlected from
88 ground-water sites and 7 surface-water sites in the
study area are tisted by Steiger (1995, tables 6 and 7).
Most of the water samples from these sites were col-
lected during 1963-65 and i992-94. Analysis of the
chemical and isotopic composition of the water and
analysis of associated geochemical data was used o
betier define the chemical characteristics of ground

water in the valley and to determine sources of ground-
water recharge, directions of ground-water low, and
water-rock interactions oceurring in the ground-water
system.

Chemical Composition

The chemicat composition of water in the valley
is controlied primarily by the composition of the rock
with which it comes 1 contact becausc of water-rock
interactions. The chemical composition of ground
water in the uncensolidated basin-All deposits changes
from the south to the north primarily because of
changes in the type of rock that makes up the basin fill.
Ground water that has moved through unconsolidated
basin-fill deposits derived from the Arapien Shale. a
marine evaporite, along the Chicken and Pigeon Creck
drainages contains calcium and sulfate as the predomi-
nant icns. Ground water in basin-fill deposits derived
from and downgradient from the limestone, sandstone,
and quartzite in the southern Wasatch Range has a
lower dissolved-solids concentration, with calcium and
bicarbonate as the predominant ions in ground water
from unconsolidated basin-fli deposits in Juab Valley
north of Burriston Ponds. These rocks are more resis-
tant to weathering: therefore, less water-rock interac-
tion occurs. Water sampled from Salt Creck near the
houndary between the consolidated rock and unconsol-
idated basin-fill deposits {U.S. Geological Survey pag-
ing station 103146000} and from well {D-13-131cab-1
{finished in the channel-fill deposits of Salt Creck ) con-
tains relatively high dissolved-solids concentrations,
with sodium and chleride as the predominant ions. The
channel-fili deposits are derived partly trom the
Arapien Shale that crops out in the canyon that sepa-
rates the southern Wasatch Range trom the San Pitch
Mountains. Predominant ions in water sampled from
Bradley Spring. {[>-13-235chd-51 discharging trom the
Indianola Group at the northern end of the San Piich
Mountains. and from Clover Creek Spring, (D-12-
1)3bbe-S1 discharging trom limestone at the base of the
southern Wasatch Range, are caicium and bicarbonate,
Water that has reacted with the channel-fl} deposits of
Salt Creek, with rocks of the Indianola Group, and with
limestone in the southern Wasatch Range may mix to
form the caleium, sodium, chlonde, and bicarbonate
water type sampled from wells completed in unconsol-
idated basin-hll deposits in the Nephi arca of the valley.

The predominant ions in water that discharges
from Government Spring, (C-13-133bbc-S1 on Long
Ridge, and from Orime Spring, (C-13-1)33¢ac-S1in the
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Figure 14, Seascnal water-level fiuctuations during 1937-38, 18965-56, and {or) 1993-94 in four wells in Juab Valley,

Utah.
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West Hills, are calcium and chloride. These springs
discharge from volcaniclastic rocks of Tertiary age.
Predominant ions in ground water in uncensolidated
basin-fill deposits in Juab Vailey downgradient from
Orme Spring generally are magnesiom and bicarbon-
ate. Precipitation is probably a primary source of
recharge to the valley in this area because water from
the volcaniclastic rocks to the west and from the uncon-
solidated basin-fill deposits to the east are more miner-
alized than water from this area and do not include
magnesium as a dominant ion. The unconsolidated
basin-fill deposits in this area are probably derived
from the North Horn Formation, which crops out below
Orme Spring but has fimited exposure in other parts of
the study area. Minerals derived trom the North Horn
Formation might he the source of magnesium in the
ground water in the unconsolidated basin-fill deposits.

Dissolved-solids concentrations in ground water
sampled from unconsolidated basin-fill deposits in the
northern part of Juab Valiey during 1992-93 ranged
from 261 mg/l. at well (D-11-1)33cab-1 to 3,740 mg/L
at {C-13-1)13baec-S1 {fig. 15). Concentrations in
ground water in the valley north of Burriston Ponds do
not exceed 400 mgfL. Dissolved-solids concentrations
in ground water sampled from the southcrn part of the
valley during this period ranged from 623 mg/L at well
{D-14-1)30add-1 to 3,980 mp/L at well (C-14-1}22ddc-
I {fig. 15). A lobe of ground water with dissolved-sol-
ids concentrations less than 1,000 mg/L extends toward
Chicken Creek Reservoir from about where Chicken
Creek enters the valley. Dissolved-solids concentration
in surface water sampled during this study ranged from
141 mg/L for Chicken Creek at {D-15-1}11abato 1,340
mg/L for Currant Creek near Mona (U.S. Geological
Survey paping station 103146400}

Chicken and Pigeon Creeks are two of the largest
percnnial streams in the southern pan of Juab Valley
and are primary sources of recharge to the ground-
water system in that area (pl. 1}. The uncensolidated
basin-fill deposits along Chicken Creek downgradient
from the mountain front are probably coarser grained
and better sorted than in other areas. High transmissiv-
ity and, therefore, more ground-water flow through the
unconsolidated basin-fifl deposits along this Now path
would result in the more rapid removal of soluble salts,
such as halite, throughout time. Material along the
probabie flow path for water that discharges from
Paimer Spring, south of the Chicken Creek flow path, is
probably not as transmissive and the recharge not as
large as what occurs afong the Chicken Creek Aow
path. The high dissolved-solids concentration in water

from Palmer Spring likely is caused by a longer conlact
time between the water and the unconsolidated basin-
fill deposits and the presence of soluble salts in the
deposits.

Ground water sampled from eight sites in the
northern part and five sites in the southern part of Juah
Vatley was analyzed for dissolved-solids concentration
during 1963-65 and 1992-93. A change in dissolved-
solids concentration of more than 20 percent between
these perinds was measured in water sampled from
wells (D-13-13cea-1 and (C-16-1)3cdd-1. Well (D-
13-D)eca-1 was drilled 1n 1963 and has been pumped
for irrigation water every summer since then. except for
1983 and 1984. The increase in dissolved-solids con-
centration may be a result of ground water flow from
different arcas to the well in 1993 as compared to 1964,
The increase measured at well {C-16-1)3cdd-1 Hikely is
the result of the well being deepened in 1974 {from 352
to 405 tt. The ground water at depth had a higher dis-
solved-solids concentration.

Specific conductance provides an indication of
the concentration of dissolved ions in water. Specific-
conductance values measured during this study tor
watcr from sclected ground- and surface-water sites are
listed by Steiger (1995, tables [, 5, 6,7, 9, and {1,
Water from Wiliow Creek and Clover Creek Spring in
the southern Wasatch Range and from wells completed
in unconsohidated basin-fill deposits east of Burriston
Ponds had a lower specific-conductance value than
water from wells south of the ponds. Spring water dis-
charging to Burriston Ponds had specific-conductance
values similar to those of ground water sampled from
the east and from the south. Water measured from the
outlet for the northern set of ponds in March 1966 had
a specific-conductance value of 420 LS/cm. Water from
the east side of the northernmost pond had a specific-
conductance value of 455 uS/cm on September 13,
1994, These values are similar to those of water sam-
pled to the east. Specific conductance measured at the
outlet for the southern set of ponds was 985 LS/em
March [966 and averaged about 1,010 uS/cm for
monthly measurements made from July 1993 to March
1994. The spring at the southeast corner of the Burris-
ton Ponds complex, (ID-12-1)6dde-S1 {pl. 1), had a spe-
cific conductance of 1,450 pS/icm in March 1966. The
specific conductance of water trom the spring on
June 24, 1993 was 1,440 uSfem. These values are sim-
itar to those of ground water sampled to the south along
the hypothesized fiow path originating near Salt Creek
(fig. 8).
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Analysis of streamflow and specific-conduc-
tance data collected during the Currant Creek secpage
study in March 1966 (Bjorkiund, 1967, p. 42) indicates
that flow in Currant Creek (2.8 ft*/s), upstream from
gaging station 103146400 and not attributable to cutfow
from Burriston Ponds, had a calculated specific-con-
ductance value of about 3,880 pS/cm on the basis of
known streamflow and specific-conductance values.
Much of this water 15 thought to be diverted from West
Creck on the basis of ebservations made during this
study (see “Streams” section of this report). This calcu-
lated specific conductance is similar to measured values
of 4,480 und 4,610 uS/cm tor water diverted from West
Creek to ditches in the area of (D-12-1118ca (fig. 6. sile
W-81, south of Burriston Ponds,

The specific conductance of water in West Creek
at (C-13-1)2dbd (Ag. 6, sitc W-4) in December 1993
was 9,500 uS/em. This relatively large value might be
the result of the dissolution of salts that were precipi-
tated by evapotranspiration during the summer months
or by the inflow of ground water with high concentra-
tions of dissclved ions to West Creek. Dissolved-solids
concentrations in ground water sampled from the
unconsohidated basin-fll deposits in this part of the val-
ley generally are an order of magnitude less than those
of water from West Creek. Specific conductance of
water in West Creek at (C-12-1)24cdd (fip. 6, site W-7)
trom April 1993 to March 1994 ranged from 1,000
pS/em in May 1993 (diluted by inflow from Big Hol-
fow) to 7,100 uS/em in April 1993, The higher specific-
conductance value measured during the early spring,
before snowmelt runoff peaks, might be caused by the
dissoiution of surface salts deposited during the previ-
ous suinmer by capillary evaporation of ground water
and evaporation of surface water or from ground-water
inflow with high dissolved-solids concentrations.

Water sampled from spring (C-13-1)i3bac-S1
and frem a cement pipe at (C-13-1)12ced {fig. 6, site I-
3a} had specific-conductance values of 4,600 and 3,000
nS/cm, respectively. These sites are west of Nephi near
West Creek, downgradient from a large irrigated area
where seepage to the ground-water systemn has been
measured (see “Distribution systems™ section of this
report). The range in specific-conductance values of
surface water divenied for irrigation and pround water
sampled from wells in the arca is from about 1,000 1o
2.000 uS/em. The relatively high values of specitic
conductance for water trom (C-13-1)13bac-S1 and
12ced might be caused by the circulation of irrigation
water through a shallow part of the ground-water sys-
tem (see “Springs and seeps” section of this report) that
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resuils in evapoconcentration and the dissolution of
surface and near-surface salts.

Analysis of strearnflow measured at U.S. Geo-
icgical Survey gaging stations on Salt and Chicken
Creeks, which enter Juab Valley at the mountain front,
and Currant Creck, which begins in the valley, shows
different relations between streamflow and specific
conductance of the water (tig. 16). At Saltand Chicken
Creeks, specitic conductance of the water generally
decrcased as streamflow increased, primarily because
of the diluting effect of less-mineraiized runoft that is
added to the base flow in the stream. At Currant Creek,
specific conductance of the water generally increased
as strcamflow increased. At flow rates less than about
10 fr°/s. the specitic-conductance value of water in Cur-
rant Creek was about 1,000 uS/em (fig. 16} At low
rates greater than about 10 ft¥/s, the specific-conduc-
tance valuc of the water ranged from about 1,000 to
3,500 uS/cm, with httie correlation between stream-
flow and specitic conductance. This lack of correlation
is caused mainly by the mixture of base How and other
sources of inflow to the stream, such as water from
West Creek {sec “Streams” section of this report).
Inflow to Currant Creek other than the base-Aow comn-
ponent can have a lurge range in specitic conductance
because of differences in water sources and time of
year.

Water with relatively high sodivm and chloride
concentrations was sampled from wells greater than
24} ft deep on the west side of Juab Valley. A chloride
concentration of 1,400 mg/L. was measured in water
from wells (C-13-1)3dad-1 and (C-14-1)22dde-1.
Waler temperatures in these wells and of other ground
water sampled from the west side of the valley, (C-12-
1)12aab-S1, 12aac-S1, and (C-15-1)33acd- 1, were
greater than 19.0 °C. The average temperature of
ground water in the rest of the valley is about 13.0°C,
The warmer water may be caused by upward move-
inenl along a north-south trending fault on the west side
of the valley.

Immunoassay screen tests for triazine and 2,4-D
herhicides were done on water samples collected from
50 sites i Juzb Valley. The screen test measurcs the
combined concentration of 13 individual triazine com-
pounds and six individual 2,4-D compounds but does
not specify which compotinds are present in the water
samples. Commonly, the (riazine compound measured
I$ atrazine, a scason-long weed control used with corn,
sorghumn, and cther crops. Compounds of 2.4-D are
used on grasses, wheat, barley, oats, rangeland pasture,
turf, and eertain other crops for postemergent control of
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weeds. The maximum contaminant level for atrazine
and 2,4-I) in drinking water is 3 and 70 pg/L., respec-
tively (Safe Drinking Water Hotline, U.S. Envirenmen-
tal Protection Agency, oral commun., 1995}, Results of
the screen tests on water samples from the valley indi-
cate concentrations much lower than the maximum
contaminant levels for atrazine and 2,4-D. Fortriazine,
one sample had 1.1 yug/L and the rematnder had less
than the detection limit of 0.7 ug/l.. For 2.4-D, one
sample had 0.8 pg/L and the remainder had less than
the detection limit of 0.5 pg/L.

Nitrogen concentrations, as nitrate and nitrite, in
water sampled from the study area in 1992-94 ranged
from less than 0.050 mg/L at spring {C-15-1)36¢dc-S1

Helation between specific conductance of water and streamtlow at gaging stations on Salt Creek,

to 21 mp/L. at (C-14-1)14cac-1, a 120-ft-deep stock
well. The nitrite species 1s unsiable in acraied water and
is seldom present in concentrations high enough to
influence ionic balanees. The drinking-water standard
for nitrate is a maximum contaminant level of 10 mg/L
{Safe Drinking Water Hotline, U.S. Environmental Pro-
tection Agency, written commun., 1994). The nitrogen
concentration, as nitrate and nitrite, in water from (C-
13-1)23add-1, a stock well perforated from 81 to 99 fi
below land surtace, and from (D-15-1)6cab-1, an irri-
gation well perforated from 120 to 315 ft, are 13.0 and
i 4.0 mg/l., respectively. Concentrations, as nitrate and
nitrite, In water from four wells in Nephi used for irri-
gation ranged from 4.9 to 8.4 mg/L.. Possible sources of
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nitrate to ground water in the valley are the leaching of
fertilizers from irrigated land, farm drainage, septic
tank drainage, and natural accumulation of nitrate by
evaporation during the formation of playas (the bottom
of an undrained desert basin),

Selenium concentrations in water generally were
less than 10 up/l. in Juab Valley. The drinking-water
standard is a maximum contaminant level of 50 pug/L
{Safe Drinking Water Hotline, U.S. Environmental Pro-
tecthion Agency, written commun., 1994}, Ground water
sampled from wells {(C-14-1)14cac-1 and 22dde-1, per-
forated from 160 to 409 {t beiow {and surface. con-
tained 38 and 62 Hg/L. of selenium, respectively. Well
{C-14-1¥22ddc-1 1s used for industrial purposes and
docs not provide drinking water. Ground water sampled
from unconsolidated basin-fill deposits in the northern
part of the valley had selentum concentrations that
ranged from | to 6 pug/L, except tor well (C-13-1)3dad-
1. which had less than | ug/l., and spring {(C-13-
1)13bac-S1 and well (C-13-1)23add-1, which had 9
and 14 np/L. respectively. Well (C-13-1)23udd-1 is
perforated from 81 10 99 ft below land surface and is
used to water stock. Selenium concentrations in water
along a hypothesized flow path in the southern part of
Juab Valley (fig. §), from near Levan to the ground-
walter discharge area north of Chicken Creek Reservoir,
ranged from ! to 3 pg/l..

Isotopes

The stable isotopes of oxygen (/50) and hydro-
gen (CH), also called deuterium (D), vary naturally in
water from the effects of topography and focal ciimate.
Stable isotopes can be used to help determine sources
of ground-water recharge because they are conserva-
tive in fow-temperature ground-water systems and
therefore ure unaffected by chemical processes. Water
sampies from 36 hydrologic-data sites in the study area
were analyzed for 80 and D (Steiger, 1995, table 8}.
The hydrogen tsotopic ratio (D/'H) and the oxygen iso-
topic ratio (*%0/"%0y in a water sample are reported in
delta {3) units per mil {parts per thousand or (/00) devi-
ations from a reference standard known as Standard
Mean Ocean Water (SMOW). The 8 values are deter-
mined from the following equation:

dR = I(R.ﬁ'rmipfw_R.\':‘m:dard)/ R.s‘!{mdﬂr{] fx 1,000 (3)

where
&R = 8D or 8% value for the water sample;
Reampte = ratioof Do "Hor 8010 /%0 in a water
sample; and
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= ratio of D to 'H or 010 "0 in the ref-
erence standard.

R

standard

The global variation of 8’%¢ and 81> in metcoric
water that results from changes in variables such as alu-
tude and temperature of an area are shown in the global
metcoric water line (Craig, 1961}, Values of 880 and
O for 41 water sampies taken trom the study area are
plotted in figure 17, along with the global meteoric
water line. Because 70 and D abundances decrease
with increasing altitude, the altitude of the area where
the precipitation oceurred affects placemcent of the data
points. Water sampled from two streams that drain the
west side of the southern Wasatch Range, Willow and
North Creeks, has 8D and 8/%0 values that plot to the
left of the globai meteoric water line and most vahies
for water from the San Pitch Mountains and from Juab
Valley (fig. 17). This indicates a higher-altitude
recharge area relative to that of water sampled from
other parts of the study area. Points that represent water
that originates as precipitation on the San Pitch Moun-
tains plot to the right of the global meteoric water line
(fig. 17) and indicate a lower-altitude recharge area,
Water from Sali Creek sampled in Aprii 1994 and
ground water sampled along or near the hypothesized
flow path downgradient from where Salt Creek enters
Juab Valley {fig. 8} has 8 and 880 values that plot
between values for water that originates as precipitation
on the southern Wasatch Range and the San Pitch
Mountains {fig. 17}, This 15 because Salt Creck drains
both the southern Wasatch Range and the San Pitch
Mountains.

Water that has undergone evaporation becomes
enriched in the heavy isotopes ot oxygen and hydrogen
and clusters along a trend with less slope than that of
the meteoric water line, Evidence of evaporation is
observed in the stable isotope data for Salt Creek, The
water sampled from Salt Creek in August 1993 (base-
flow conditions) is enriched in /%0 and D (8780 = -
14.34 per mil and 8D = -115.0 per mil) relative to a
sample collected in April 1994 (890 = -16.34 per mil
and 8D =-120.2 per mil) from the same site during peak
snowmelt runoff.

Five water samples and one gypsum rock sample
{Steiger, 1995, table 8 collected from sites along the
hypothesized Chicken Creek drainage fiow path {fig. 8}
were analyzed for the isotopic concentration of sulfur
to determine sources of dissolved sulfate in the water.
The isotopic composition of suifur is characterized by
the ratio of sultur-34 to sulfur-32, where 875 is the
ratio referenced to a standard. Evaporites from the
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Middle Jurassic Period have 877S values that range
from about 15 to about 18 per mil {Holser, 1977), The
gypsum rock sample collected from an outcrop in the
Arapien Shale (Middle Jurassic Period) near the
Chicken Creek gaging station had a &S value of 17.4
per mil. The Arapien Shale is likely the source of much
of the dissolved sulfate in ground water sampled from
the southern part of Juab Valley.

Cobble Rock Spring, (D-15-2)18bab-S1, dis-
charges from the Indianola Group in the upper part of
the Chicken Creek drainage. Water from the spring
itkely represents the sulfur content of infiltrating pre-
cipitation and had a 89S value of 7.45 per mil. This
5775 value is similar to the mean value of 7.5 per mil for
ground water sampled from carbonate rocks in the cen-
tral Wasatch Range (Mayo and others, 1992, p. 247).
Waler in Juab Valiey that originated as precipitation and
has dissolved gypsum from the Arapien Shale is

expected to have a §S value between 7.45 and 17.4
per mil.

Streamflow sampled trom Chicken Creek at U.S.
Geological Survey gaging station 10219200 (pl. 1) dur-
ing base-flow conditions {(August 1993) had a 5§
value of 13.1 per mil. Water sampled from well (C-15-
1}1baa-1, finished in unconsolidated basin-fill deposits
about 2.5 mi from where Chicken Creek enters the val-
icy, had a 5 value of 14.6 per mil. Water sampled
from well (C-15-1)16bad-1 and spring (C-15-1)16bad-
S1, in the discharge arca of the low path, had values of
15.9 and 14.5 per mil, respectively, The increase in 8778
values in most of the water sampled along the low path
indicates the dissolution of gypsum in unconsolidated
basin-fill deposits derived from the Arapien Shale.
Water sampled trom well (C-15-1)16bad-1, perforated
from 165 to 192 £t below land surface is isotopically
more enriched than water from spring (C-15-1)16bad-
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ST, possibly because of movement along a deeper tflow
path between the mountain front and the discharge area.
This would result in more contact with the unconsoli-
dated basin-fill deposits und subsequently more reac-
tion between the deposits and the water.

Tritium 1s a radioactive isotope of hydrogen that
can occur as part of the water molecule. The relatively
short half-life of tritium (12.43 years) makes it uscful
for dating recent water, particuiarly because large quan-
titics were added to the atmosphere from above-ground
nuciear-weapons testing beginning in 1952, Tritium in
watcr that entercd the ground-water system prior to
1952 would have decayed to concentrations of less than
I TU by 1994, assuming no mixing with other sources
of water. Concentrations measured in precipitation in
Salt Lake City, Utah, by the U.S. Geological Survey
pcaked in 1963 at 8,230 TU, about three orders of mag-
nitude greater than estimated concentrations in precipi-
tation prior to nuclear-weapons testing. Concentrations
in precipitation have decreased since 1963 and were
about 101t 15 TU in 1992 (R.L. Michel, U.8. Geolog-
icai Survey, oral commun., 1992},

The concentration of tritium was determined for
three ground-water samples from Juab Vailey (Steiger,
1995, table 8) to approximate when the water entered
the unconsolidated basin-fill deposits. Water from (D-
11-1)8cba-1, a lowing well finished from 283 to 580 ft
below fand surface, had a tritium concentration of 1.1
TU, indicating that the water likely was recharged to
the ground-water system prior to 1952, The error range
associated with this value is plus or minus 0.3 TU.
Ground water from this well likely has moved from the
southern Wasatch Range mto the unconsolidated basin-
fili deposits (fig. 8) and has become confined by clay
fayers identified in the subsurtace (Steiger, 1995, table
2).

Water from the southeast spring at Burriston
Ponds, (D-12-136ddc-S1, had atritium concentration of
21.7 TU. This value indicates a component of the
ground water was recharged afier 1952, most tikely
after 1963 when atmospheric thermonuclear testing
peaked. It water discharged from spring (D-12-1)6dde-
S1 is derived solely from the hypothesized flow path
that begins near Salt Creek (fig. 8), then the average
Aow velocity along the fiow path is 3 ft/d. This velocity
is based on a recharge date of 1963 and a flow path
length of about 6 mi and is higher than what transmis-
sivity data and hydrautlic-head gradients would indi-
cate. Some water from another source recharged after
1952 is necessary to account for the tritium concentra-
tion measured in water from spring (D-12-1)6ddc-Si.
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Water from spring {C-15-1)16bda-S1, in the dis-
charge area of the hypothesized Chicken Creek arca
flow path {fg. 8}, had a concentration of 12.8 TU. This
watcr might be a mixture of water that recharged the
unconsohidated basin-fill deposits both before (flow
through a deeper part of the ground-water system) and
afier 1952, 1t also might be water that recently
recharged the ground-water system and has flowed
through relatively shallow depths with a present-day
tritium concentration that has not undergone much
radinactive decay. On the basis of &% vaiues, which
indicate that water sampled from the spring has reacted
iess with the basin-fill deposits thar water sampled
from relanvely deep wells in the area, the shatiower,
higher velocity flow path is more likely.

Geochemical Analyses

Geochemical modeling was used to study flow
paths and the sources of dissolved ions in water sam-
pled trom the Juab Valley study area. Limitations of
geochemical models are imposed by the reliability and
completeness of the chemical, mincrafogical, and isoto-
pic data. A modified version of the chemical-equilib-
rium modet WATEQF (Plummer and others, 1976)
available in NETPATH (Plummer and others, 1991)
was used to determine the state of saturation in water of
selected minerals. The state of mineral saturation can
be used to evaluate chemical constraints on a ground-
water system. All water samples collected in the study
area were undersaturated with respect to gypsum and
halite and most of the samples were near saturation or
were supersaturated with respect to calcite. This means
that, if a scurce 1$ available, gypsum and halite will dis-
solve in and calcite will likely precipitate from ground
water in the study area.

The computer propram NETPATH (Plummer and
others, 1991) was used to model! possible geochemical
mass-balance reactions that occur in ground water as it
travels along two hypothesized flow paths in the valley.
The NETPATH modeis are also constrained by the reli-
ability of being able to choose an actual flow path.

Along the hypothesized Chicken Creek drainage
flow path, water sampled trom well {C-15-T}1baa-1
was assumed to react with minerals in the unconsoli-
dated basin-fill deposits to form the water sampled
from weli {C-15-1)16bad-1. The mineral phases cal-
cite, gypsum, and halite were assumed to occur in the
basin-fili deposits, and concentrations of sulfur, eal-
cium, sadium, and chloride were used to constrain the
model caleulations. The resulting geochemical mass-



baiance maodel calculated for these conditions indicates
the dissolution of 2.29 and 2.94 mmoi/L of gypsum and
halite. respectivety, and the precipitation of 2.04
mmol/L. of calcite.

The mass balance of sulfur isotopic ratios and
sulfate concentration in water from the flow path and
for the gypsum rock sample confirm the calculated
quantity of disselved gypsum. The mass-balance equa-
tion is:

CJ\' = (8?‘:‘5‘{{ X Cd - 6348" X (,‘“)/aj_‘rkgg (4)

where
. = the change in sultate concentration ¢2.29
mmol/L} in water from the upgradient and
downgradient wells,
§'s,; = &S value (15.9 per mil) for water from the
downgradient well, (C-15-1)16bad-1,
C,; = sulfate concentration (5.0 mmol/L} in
water from the downgradient well;
5‘”.5'” = &S value (14.6 per mil) for water from the
upgradient well, {C-15-1}Ibaa-1;
C, = sulfate concentration {2.71 mmol/l.) in
water from the upgradicent well; and
53"5'3, = &S value (17.4 per mil) for the gypsum
rock sample.

The activity of an ion 1s an 1dealized concentra-
tion that is the product of the measured concentration
and a conversion factor called the activity coefficient.
The relation between ions ¢an be used to evaluate
chemical controls on a ground-water system. The trend
tn log calcium and sulfate activity in water from uncon-
solidated basin-fill deposits along the hypothesized
Chicken Creek drainage fiow path generaily is | to 1,
except for water from the discharge area where there 1s
more sulfate relative to calcium (fig. 18). This is consis-
tent with the geochemical reactions modeled where cal-
cium ions derived from the dissolution of gypsum are
removed from ground water by the precipitation of cal-
cite.

The pessibility that the southeast spring at Bure-
iston Ponds, {D-12-1Y6dde-S1, may discharge ground
water from a hypothesized Aow path that extends
downgradient from where Salt Creek enters Juab Valley
and from a hypothesized flow path that represents
ground water moving downgradient from the southern
Wasatch Range (fig. 8} aiso was tested with geochemi-
cal modeling. Chemical analyses of water sampled
from wells (D-12-1319acbh-1 and (D-11-1333¢cab-1 were
assumed to be representative of water from the two
Aow paths, respectively. The mineral phases calcite,

gypsum, and halite were assumed to occur n the
ground-water system, and sulfur, calcium, sodium, and
chioride concentrations were used o constrain Lhe
medel calcuiations. The results of the NETPATH maodel
indicate a mixture of about 70 percent water from well
{D-12-1)19acb-1 (water from the south) and about 36
percent water from well (D-11-1)33cab-1 {water from
the east). The mass-balance model also indicates that
the dissclution of 1.12 and .12 mmol/L of gypsum and
halite, respectively. and the precipitation of (.87
mmai/L. of caleite is necessary to form the water sam-
pled from spring (D-12-1)6ddc-Si.

The computer program SNORM is a geochemi-
cal model that uses water-chemistry data to caleulate
the wicafized equilibrium {normative) assemblage of
mincral salts that would precipitate from an evaporated
water sample at surface conditions, also referred to as
the salt norm of water (Bodine and Jones, 1986). The
salt norm is quantitatively equivalent to the solute con-
centrations in the water. Characterization of water com-
positions as salt norms was used to help determine
sources of solutes in ground water sampled from Juab
Vatlley.

The normative assemblage of mineral salts for
ground water sampled along the hypothesized fiow path
in the Chicken Creek drainage {fig. 8) generally con-
sists of calcium sulfate {about 55 percent by weight),
magnesium carbonate (about 25 percent by weight),
and sodium chleride {about 16 percent by weight). Cal-
cium sulfate, as the predominant member of the asscm-
blage, reflects the dissolution of evaporitic gypsum
(CaS0,4*2H,0) present in the unconsolidated basin-fili
deposits derived from the Arapien Shale. The predom-
inant normative salts computed for water sampled from
Palmer Spring, (C-15-1}16cdb-S1, are calcium sulfate
{about 37 percent by weight). sodium chloride {about
33 percent by weight), and magnesium sulfate (about
15 percent by weight). These salts also likely are dis-
sofved from material deposited in an evaporite setting,
possibly a playa in the southern part of Juab Valley,
because of the large percentage of halite,

Data analysis using SNORM indicates that the
water sampled from spring (C-13-1)3bbe-51 and wells
(C-13-1)3dad-1, (C-13-1)23add-1, (C-14-1)idcac-1
and (C-14-1)22ddc-1, generally on the west side of
Tuab Valley, contains substantial percentages of magne-
sium chioride (more than 13 percent by weight) in addi-
tion to sodium chloride and caicium sulfate salts. A
diagnostic fcature of sca water is the presence of mag-
ncsium chloride at about 6.5 percent by weight. The
normative salt assemblage for sea water that has under-
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gone evaporation has less sodium chloride and calcium
suifate {because of mineral precipitation) and more
magnesium chloride salts than unaltered sea water
{Bodine and Jones, 1986, p. 40). If caicium and sulfate
arc added to sea water, then the salt norm will have an
excess of calecium sulfate relative to unaltered sea
water: therefore, water from these sites might be a mix-
ture of residual sea water that has undergone evapora-
tion and meteoric water that has dissolved gypsum
from an evaporitic source, such as the Arapien Shale or
basin-fiil deposits derived from it. Normal faulting on
the west side of the valley may have provided a route
for water from a decper consclidated-rock source to
move into the unconsolidated basin-fill deposits. Water
from wells (C-13-1)3dad- 1 and (C-14-1)22ddc-1 is
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warmer than most ground water in the valley, possibly
because of the geothermal gradient.

The ratio of bromide to chioride concentrations
in water can be used to determine the sources of chlo-
ride in the water. The bromide/chioride (Be/Cl) ratio
for meteoric water can be assumed to be similar to the
ratio for ocean water, which is about 0.00347. Sodium
and chloride can precipitate in the form of halite from
water undergoing evaporation and leave the residual
water concentrated in bromide rclative to chloride,
Water with a Br/Cl ratio that is near 0.003 and with high
concentrations of chloride (relative to other ground
water in the valley that is known to be meteoric in ori-
gin} contains a saline or brine compoenent. Such water
likely has been concentrated with bromide relative to
chloride by the precipitation of halite. Water that has a



Br/Cli ratio that is much less than 0.003 probably repre-
sents meteoric water that became enriched in chloride
relative to bromide as it flowed through evaporite
deposits after it recharged the ground-water system
{White and others, 1963, p. F13). Dissolution of the
cvaporite salts results in an increased concentration of
sodium, chioride, calcium, and sulfaie ions but a rela-
tively small increase in bromide concentration in the
walter.

Ground water sampled from the arca north of
Burriston Ponds had Br/Cl ratios that ranged trom
(3.00267 to 0.00357, attributable mainly to a meteoric
water source and not much water-rock interaction. The
basin-hil deposits in this area are derived from rocks in
the southern Wasatch Range, which contain relatively
small amounts of chioride. Water sampled from wells
and springs along a hypothesized flow path from Nephi
te Burriston Ponds (fig. 8) had much smaller Bi/Cl]
ratios, which ranged from (.00044 to 0.00079, indica-
tive of some halite dissolution.

The ratio of bromide to chloride in water sampled
from wells and springs near the hypothesized flow path
representing the Chicken Creek drainage (fig. 8) ranged
from 0.00018 for water collected from Chicken Creek
at U.S. Geological Survey gaging station 10219200 in
September 1992 1o 3.00290 for water collected from
Cobble Rock Spring. {D-15-2)18bab-S1, in the San
Pitch Mountains. The incrcase in chloride relative to
bromide concentration in water from these two sites is
aresult of the dissolution of halite by meteoric water as
it flows in the Chicken Creek channel. The Br/Cl ratio
for water from Chicken Creek derived from snowmelt

runott during the spring should be cleser to that of Cob-

ble Rock Spring because of diluition.

Water from wells hnished in unconsolidated
basin-fill deposits near the mountain front in the Levan
area had Br/Cl ratios that ranged from (.00107 to
0.00162. In the discharge area of the hypothesized flow
path representing the Chicken Creek drainage, the
Br/Cl ratic in water from springs (C-15-1)16bad-S|1
and 16hda-S1 1s 0.00220 and 0.00120, respectively.
These ratios are indicative of a meteoric water source in
which some halite was dissolved as it traveled along the
flow path. The Br/Cl ratio of water from relatively deep
wells in the area, {C-15-1)16baa-1 and [6bad-1, is
0.00050 and 0.00038, respectively. These ratios are
indicative of a metcoric water source in which more
halite 1s dissolved relative to water from the springs.
These wells are pertorated from about 165 to 192 {i
below land surface. The relation between Br/Cl ratio
and depth also is supported by Br/Cl ratios in water

sampled from wells (C-15-1}10bdd-1 (000100} and
(C-15-D)10acc-1 ((LOOO33), perforated from 12010 140
ft and from 132 (o 350 f1, respectively. Although Br/Cl
ratios determined for ground water sampied from the
southern part of the valley indicate the dissolution of
evaporite material as a source of chlonde, water from
deeper intervals in and near the discharge area has more
dissolved chloride because the water has traveled along
a longer Mow path and has had more time to react with
the basin-fill deposits.

Reljatively high concentrations of sodium and
chloride in water sampled from wells (C-14-1)14cac-1
and 22ddc-1 on the west side of the valley might be
caused by meteoric water mixing with residual sea
water that has undergone evaporation in unconsoli-
dated basin-fill deposits in the area. The ratios of bro-
mide to chloride in water from the two wells (000269
and (.00236, respectively) is similar to that of meteoric
water and indicates that the increase in chloride ions is
not caused by halite dissolution. This area of the valley
is near the ground-water divide that separates the north-
ern and southern parts of Juab Valley and receives a rel-
atively small amount of recharge from direct
precipitation and runoff from two smail ephemeral
drainages in West Hills. A minor amount of ground
water also may move into this area from the cast, but it
is not enough to sufficiently dilute any water from a
deep source that may be present in the arca.

SIMULATION OF THE GROUND-WATER
SYSTEM IN THE UNCONSOLIDATED
BASIN-FILL DEPOSITS OF JUAB VALLEY

A numerical model of the ground-water system
in the unconsolidated basin-fill deposits of Juab Valley
was constructed using the U S, Geological Survey
modular, three-dimensional, finite-difference, ground-
water flow model {McDonald and Harbaugh, 1988).
The numerical model was calibrated to simulate the
steady-state conditions of 1949, multi-year transient-
state conditions during 1949-92, and seasonal wran-
sient-state conditions during 1992-94.

The boundary conditions of the numerical model
were chosen to simuiate the conceptual model of the
ground-water system presented in previous sections of
this report. The objectives of the simulations were to
test and refine the conceptual model and to provide a
tool that can be used to estimate the effects of changes
in ground-water discharge trom pumped wells and
ground-water rechargre on ground-water levels and ina
qualitative sense, on natural ground-water discharge.
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A description of the construction and calibration
of the numerical model 1s presented in the following
sections of this report. The amount and complexity of
the required input data make it impractical to present or
reference all the information required to compietely
reconstruct this model. A copy of the ground-water
flow model for Juab Valley and all associated data sets
can be obtained from the U.S. Geological Survey at the
Utah District office in Salt Lake City. Utah.

Model Construction

The construction of a numerical model to simu-
late three-dimensional ground-water flow in the uncon-
solidated basin-fill deposits of Juab Valley is based
upon data and assumptions made to create a conceptual
model of the area. Thesc data and assumptions are dis-
tributed both laterally and vertically through the model
in order to best represent the ground-water system.

Discretization

The numerical modet of the ground-water system
in Juab Valley is horizontally discretized by a rectangu-
far grid consisting of 31 rows and 157 columns. The
grid is oriented along the axis of Juab Valley, and ail
model cells in the grid are 1/16 mi’ (40 acres) {fig. 19}.
The ground-water flow equations and associated hydro-
iogic properties used to calculate flow for each model
cell are formulated at the center point or node of the
cell. [n the numerical model, values are assigned to the
node, and those values represent the average character-
istics of the entire model cell. The selected cell size is
small enough so that steep hydraulic gradients and
arcas where larger amounts of data are available or
where hydraulic stresses are concentrated can be repre-
sented numerically.

The lateral boundaries of the numerical modei
are shown in figure 19; they generally correspond to the
fateral extent of the saturated unconsolidated basin-fill
deposits in Juab Valiey. Vertically, the numerical model
is discretized into four fayers (fig. 20}. This number of
layers is adequate to simulate unconfined and confined
conditions and the vertical movement of ground water,
and to distribute the hydrologic stresses caused by
ground-water discharge to pumped wells. The contacts
between maodel {ayers are referenced in feet below the
estimated top of the saturated unconsolidated basin-fill
deposits. Although the conceptual ground-water sys-
tem is generalized to include the upper 1,000 ft of
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unconselidated basin-fill deposits, the actual thickness
is not known. The bottom boundary used in the numer-
tcal model is assumed to be impermeable and repre-
sents the contact between unconsolidated and
semiconsohidated basin-fill deposits. This is a simplifi-
cation of the present (1995} conceptualization of the
ground-water system, which is that the contact between
unconsolidated and semiconsolidaied basin-fili depos-
its is gradational, and aithough ground-water fow may
occur in the semiecnsolidated deposits, they are much
less permeable than the unconsclidated deposits. If
additional subsurface and hydrologic-property infor-
mation indicates more permeable deposits at depth,
then the ground-water flow model described in this
report may nced to be updated and recalibrated to
include this deeper part of the systern beforc using the
model for projected changes caused by increased
pumping.

An estimate of the top of the saturated unconsol-
idated basin-fill deposits was made on the basis of aver-
age water levels, reservoir and land-surface altitudes,
and water-level contours. An average water level at
each of 191 wells was used to estimate the top of the
saturated deposits at model nodes that correspond to
well loeations. The averages are computed from the
available water-level data for each well (Steiger, 1995,
tabies 1 and 3). At model nodes that represent Mona
and Chicken Creek Reservoirs, the top of the saturated
deposits is estimated to be equal to the altitude of the
water surface of the reservoir determined from the
appropriate U.S. Geological Survey 1:24,000 topo-
graphic quadrangle map. The top of the saturated
deposits for the remaining model nodes was estimated
on the basis of two generalized water-level contour
maps. The first map is of water-level contours for the
northern part of Juab Valley during the spring of 1950
{Bjorklund, 1967, pl. 4). The second map shows watcr-
fevel contours for all of Juab Valley during the fall. win-
ter, and spring of 1963-64 (Arnow, 1964, p. 53}. Thesc
contour maps were uscd because they represent,
respectively, water levels in the northern and southern
parts of Juab Valley prior to large-scale ground-water
development. The water-level contours were modified
by {1} extending them t¢ the approximate boundary of
the unconsoliidated basin-fil deposits, (2} adjusting
them te match in the area where the northern and south-
ern maps overlap, and (3) equating them to the altitude
of land surfuce in arcas where flowing welis exist.

Model layer | represents unconfined ground-
water conditions in Juab Valley. The bottom of model
layer | was set at 50 ft below the estimated top of the
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Figure 20. Generalized geology and the four layers used in the ground-water flow model of Juab Valley, Utah.

saturated unconsolidated basin-fill deposits. This corre-
sponds with the conceptualization that unconfined con-
ditions exist in the ground-water system in Juab Valley
in about the apper 50 fi of saturated deposits. Changes
in simulated ground-water recharge and discharge can
cause the saturated thickness of modei layer 1 to vary.

Model layers 2, 3, and 4 represent confined
ground-water conditions in Juab Valley. The thickness
of layers 2 and 3 are 60 ft each, on the basis of the depth
at which the average annual (1963-93} ground-water
discharge to pumped wells occurs. The average annual
(1963-93) ground-water discharge to pumped wells in
Juab Valley (about 20,000 acre-ft) was subdivided into
amounts removed from 10-ft sections of the saturated
unconsolidated basin-fill deposits on the basis of
screened or perforated intervals {fig. 21). The average
annuai ground-water pumpage trom the first 50 ft of
saturaied deposits (layer 1) is about 3,700 acre-ft. The
remaining 16,300 acre-ft is evenly distributed to model
layers 2, 3, and 4 (fig. 21). The depth at which water is
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withdrawn by a well corresponds to the perforated
interval of the well as measured from the top of the sat-
urated unconsolidated basin-fill deposits. If perforated
interval information is not available for a well, the
depth at which water is withdrawn corresponds to the
depth of the well, again as measured from the top of the
saturated deposits.

No thickness was assigned to layer 4. This layer
is assumed to extend to a depth below which only small
amounts of ground-water flow occur (see “Ground-
water occurrence” section of this report). Some
pumped wells in the valley withdraw water from depths
exceeding 400 ft (fig. 21); therefore, a minimum thick-
ness for model layer 4 is 230 ft, which is substantially
greater than the thicknesses of model layers 1,2, and 3.

Boundary Conditions and Data Requirements

Boundary conditions are used to simulate
recharpge to and discharge from the ground-water sys-
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the ground-water flow model of Juab Valey, Utah.

tem in Juab Valicy and to define the mathematical limits
of the numerical model. Head-dependent Aux and spec-
ified-flux boundaries are the twe general types of model
boundaries used to describe the process by which
recharge to and discharge from the ground-water sys-
tem occur. At head-dependent Aux boundarics, simu-
lated flow across a boundary is proportional to the
difference in model-computed and assigned water lev-
els on adjacent sides of the boundary. These boundaries
simulate recharge and discharge that is dependent on
iocal water levels. Flow across specified-flux bound-
aries s assigned by the user and remains constant
regardless of model-computed water levels and
stresses. Specified-flux boundaries are used to simulate

recharge and discharge that is independent of tocat
water levels. On the basis of available data, the bound-
aries chosen in this numerical model are thought to be
a reasonable mathematical representation ot how the
maodeled ground-water system interacts with the sur-
rounding unmodeled hydrological system. All other
model boundaries are impermeable and water does not
move across them.

Recharge

Recharge to the ground-water system is repre-
sented in the numerical model by seepage from
streams, unconsumed irrigation water, and distribution
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systems; infiltration of precipitation; and subsurface
tnfow. These componenis of recharge arc simuiated
with specified-Aux boundaries tormulated by the
Recharge and Well Packages (McDonald and Har-
baugh, 1988, p. 7-1 and p. 8-1), and the amount of
recharge is considered to be independent of local
ground-water level.

Secepage from streams is separated into seepage
from streams that enter Juab Valley on the cast side dur-
ing the nonirrigation season, secpage from streams that
enter Juab Valley on the east side during the irrigation
scason, and seepage from streams that enter the valley
on the west side. A specified-Aux formulation is used to
simulate recharge from nonirrigation-season stream-
flow because the recharge must first move through an
unsaturated zone. Local water levels are not theught to
affect this recharge. Recharge from nonirrigation
streamflow is evenly applied to layer 1, generally at
madel nodes that correspond to the irrigation areas
listed in table 3 and shown in figure 22. An exception
is recharge during the nonirrigation season from North
Creek, Willow Creek, Couch Canyon, and Bear Can-
yon, which is applied only to the respective stream
channels near the mountain front. Data are not avail-
able to cstimate recharge from nonirrigation-season
streamfow directly, and the amount of recharge
assumed for the simulations is varied for each stress
period on the basis of the amount of recharge estimated
for average conditions, 14,400 acre-ft/yr (the sum of
values presented for the northern and southern parts of
Juab Valley in table 2). This amount is multiplied by the
ratio of actual recorded precipitation during the stress
period to the average {1931-93) annual precipitation at
Nephi and Levan. Recharge that is specified from seep-
age from nonirrigation-season streamflow is applicd on
the basis of the estimated amount for each stream mod-
ified by the yearly ratio. This method of estimation
assumes that changes in precipitation adequately
describe the variability of nonirrigation-season stream-
flow. For the seasonal transient-state simulation,
ground-water recharge by seepage from nonirrigation-
season streamfow is applied equally during the stress
periods that simulate October through December and
January through March. This umount is determined
from the relation described previousiy. At the time of
model calibration, annual precipitation was not known
for 1994 and the nonirrigation-season streamflow for
January through March 1994 wag estimated on the
basis of precipitation in 1993, The amounts of recharge
assumed for the simulations that result from the seep-
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age of nonirrigation-season streamflow are listed in
tables 4, 5, and 6.

Recharge from unconsumed irrigation water and
distribution-systems losses includes the irrigation-sca-
son component of seepage from streamny that cnter the
valley on the east side and 1s strnulated as a specitied-
flux boundary using the Recharge Package (McDonald
and Harbaugh, 1988, p. 7-1}). Model nodes in layer |
were assigned to specific irrigation areas by overlaying
the mode! grid and the mapped extent of the irrigation
arcas listed in table 3. Recharge for each irrigation arca
is distributed cvenly over the entirc irrigation area (fig.
22). Rccharge that is specified {from unconsumed irri-
gation water and distribution-system losses depends on
the amoeunt of irrigation-season streamflow and the
amount of ground water pumped from wells for trriga-
tion purposes in each irrigation arca. Data are not avail-
able to estimate irrigation-season streamflow directiy.
Streamflow amounts are varied for each stress period
on the basis of the amount of trrigation-season stream-
flow estimated for average conditions. 36,000 acre-{t/yr
{the sum of values presented for the northern and south-
ern parts of Juab Valley in table 3). This amount is mul-
tiplied by the ratio of actual recorded precipitation
during the stress period to the average (1931-93) annual
precipitation at Nepht and Levan. For the seasonal
stress periods, this ratio is based on annual precipita-
tion. This method of estimation assumes that the vari-
ability is adequately described by precipitation. The
amount of ground-water pumpage from wells was
determined for each stress period using unpublished
data in the files of the U.S. Geological Survey Utah
District office in Sal Lake City, Utah. Recharpe from
unconsumed irrigation water and distribution-system
losses was assuined to be 30 percent of the trrigation-
season streamfAow and 10 percent of the ground water
pumped from welis for each irrigation area and for each
stress period.

For the seasonal transicnt-state simulation,
recharge from unconsumed irrigation water and distri-
bution-system losses is applied during the April
through June and July through September stress peri-
ods. Seventy percent of the recharge from unconsumed
irrigation water and distribution-system losses that is
derived from streamflow is applicd during April
through June, and the remaining 30 percent is applied
during July through September. All of the recharge
from unconsumed irrigation water and distribution-sys-
tem losses that is derived from ground water pumped
from wells is applied during July through September.
The amounts of specified recharge resulting from
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Table 4. SpecHied ground-water recharge and discharge and model-computed discharge for the 1949 steady-state simulation,
Juab Valley, Utah

|- . notapplicable]

Flow, in acre-feet per year {rounded)
Budget Northern Southern
component part! part

Specified recharge

Seepage lrom nopirmigation-season streamilow 11.248) 2,250
Seepage from unconsuimed irngation water and distribution sysicims 3,900 3560
Seepage from irngation-season sircamflow not included in the unconsumed
irrigation water and disiribution-system losses component 710 i}
infiltration from precipitation 3.560 2.520
Subsuriace inflow and seepage from ephemeral streams 1o east side of Juab Valley 10,480 1.620
Subsurface inflow and seepage from epbemeral streams 1o west side of Juab Yalley 3,980 1.4248)
Total specified recharge 36,870 11,37
Specified discharge
Wells pumped lor irrigation and public supply 400 Q0
Subsurtace vutfiow to consolidated rockfunconsolidated basin-till deposits boundary 950 4]
Total specified discharge 1,250 i}

Modcl-computed discharge

Flowing wells 30 300
Springs and seeps
Currant Creek vpstream from paging station 10146400 10,570 —
Cuorrant Creek downstream from gaging station 10146400 3510 —
Muona Reservorr 2,77 —
Palmer Spring — 376
Chicken Creek Reservoir — 4,020
Evapotranspiration 13,3060 4.630
Total model-computed discharge 37,180 9,340

IThe division of Juab Yalley into norther and southem parts is based on a topographic divide and not 2 ground-waler divide, In 1949, the simulaled
flow fromi the southern 1o the northern pant of Juah Valley was abowt 2,000 acre-fect per year. The difference between recharge and discharge amounts is
mandy the ainmlated ows Trom the southern o the northeen pant of Juab Valley.

uncensumed irrigation water and distribution-system streamflow estimated for average conditions (750 acre-
fosses for the steady-state and transient-state simula- ft/yr. tabie 2) and precipitation. For the scasonal tran-
1ions are listed in tables 4, 5, and 6. sient-state simulation, irrigation-season streamflow is

varied on the basis of annual precipitation. Seventy per-
cent of the specified recharge is applied during Aprii
through June and 30 percent is applicd during July
through September. The amounts of specified recharge
that result from irrigation-scason streamflow not
included in the unconsumed irrigation water and distri-
bution-losses component for the steady-state and tran-
sient-statc simulations are listed in tables 4. 5, and 6.

Recharge from irrigation-season strcamflow not
included in the unconsumed irrigation water and distri-
bution-losses component of recharge comes from
streamflow during the irrigation season from Biglows,
(ld Pinery, and Suttons Canyoens and Fourmile Creek.
The recharge s appiicd to 88 model nodes in layer 1,
adjacent to the areas where these streams enter Juab
Valley (fig. 22). As described previously, specified
recharge from streamflow is varied for cach stress Recharge from infltration of precipitation is sim-
period on the basis of the amount of irrigation-season ulated as a specified-flux boundary using the Recharge
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Package {McDonald und Harbaugh, 1988, p. 7-1}.
Recharge from infiltration of precipitation is distributed
evenly to all active model nodes in fayer | and is
assumed to be § percent of the precipitation that
occurred at Nephi and Levan during the stress period.
The amounts of specified recharge from precipitation
for the steady-state and transient-state simulations are
listed in tables 4, 5. and 6.

Recharge from subsurface inflow from consoli-
dated rocks and seepage from ephemeral streams to the
west and cast sides of Juab Valley is simulated as a
spectficd-flux boundary using the Well Package
(McDonald and Harbaugh, 1988, p. 8-1). Subsurface
inflow is a head-dependent process that 1s a function of
the hydraulic conductivity of the boundary between the
consolidated rock and unconsolidated basin-fill depos-
its and the hydraulic gradient across the boundary. Data
are not available to define these properties or the quan-
tity of scepage trom ephemeral streams; therefore, a
simplistic specified-flux approach was used to simulate
these components of recharge to the unconsolidated
basin-filf deposits. The specified-flux formulation does
not account for the variability in the amount of subsur-
tace inflow caused by water-level changes in the con-
solidated rocks and unconsolidated basin-fill deposits.

Recharge is applied using injection wells placed
in madel layers 1, 2, 3, and 4 at the model nodes that
correspond to the western and eastern extent of the sat-
urated unconsolidated basin-fAll deposits in the valley.
This compenent of recharge is distributed evenly at all
nodes and model layers along the west side of the valley
to simulate seepage {rom ephemeral streamfow from
both small and large dramages and from subsurface
inflow (fig. 23). [t1s represented by 272 injection wells
in the northern part of Juab Valley and 156 injection
wells in the southern part. At the start of the calibration
process, recharge from subsurface inflow and seepage
from cphemeral streams to the west side of Juab Valley
was set at 4,200 acre-fUyr for the northern part and
1,500 acre-fu/yr for the southern part (table 2).

Recharge from subsurface inflow and seepage
from ephemeral streams to the east side of the valley is
represenied by 288 injection weils in the northern part
and 208 injection wells in the southern part and 15 dis-
tributed equally to the four model layers. At the start of
the calibration process. recharge from subsurface
inflow and seepage from ephemeral streams to the east
side of the valley was set at 12,000 acre-ft/yr for the
northern part and 1.000 acre-ft/yr for the southern part.
The estimated average amount of recharge from sub-
surface inflow and seepage from ephemeral streams to

the east side of the valley ranges from 13,700 to 17,700
acre-{U/yr {the sum of values presented for the northern
and southern parts of Juab Valley in table 2}

For the seasonal transient-state simulation, the
annual amount of recharge to the sides of the valley was
partitioned as 25, 20, 30, and 25 percent, respectively,
for the January through March, April through June,
July through September, and October through Decem-
ber stress perieds. These percentages are based on
reported scasonal variations in discharge to Bradley
Spring and seiected springs and spring-ted druinages in
the southern Wasatch Range that discharge from con-
solidated rocks. The estimate of reeharge from subsur-
face inflow and seepage from cphemeral streams was
determined to be the residual of other estimated
recharge and discharpe components of the ground-
water budget for Juab Valley. The amount of recharpe
from subsurface inflow and seepape trom ephemeral
streams to the valley and the spatial distribution of the
recharge to the cast side were among several parame-
ters adjusted during the calibration process until a sal-
isfactory calibration was achieved (see “Calibration
parameters” section of this report).

Discharge

Ground-water discharge 1o wells, springs, seeps,
evapotranspiration, and subsurface outflow is repre-
sented in the numerical mode! with head-dependent
flux and specified-flux boundaries. Discharge to
pumnped wells is the only ground-water budget compo-
nent that has regularly been measured through time,
Little data are available on the other budget compo-
nents with which discharge can be estimated under
steady-state and transient-state conditions,

Discharge to pumped wells 1s represented as a
specified-flux boundary using the Well Package
(McDonald and Harbaugh, 1988. p. 8-1). Only wells
that pump 50 acre-ft/yr (30 gal/min} or more, generally
those used for irrigation, are simulated. Required input
data for the Well Package are the model ceils and layers
that correspond to the location and depth of the perfo-
rated intervals of the welis (Ag. 24). If a well 15
screened in more than ooc layer, the amount of dis-
charpe assigned to each model layer equals the wtal
discharge multiplied by the fraction of the perforated
interval in that layer. The perforated interval is mea-
sured as the distance from the top of the first perfora-
tions 1o the bottom of the last perforations. If
pcrforation data are not avatlable, well discharpe is
simutated at the model layer that corresponds to the
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Table 5. Specified ground-water recharge and discharge and model-computed discharge and change in storage for the multi-
year transient-state simulation, Juab Vailey, Utah

Budget Flow, in acre-feet per year, for each stress period {rounded)’
element 1949-53 1954-59 1950-67 1968-69 1970-77 1978-82 1983-86 1987-92

Northern part of Juab Valley2

Specified recharge

Scepage from nonirrigaiion-seasen streambow 11,650 16,470 12,300 13,680 10,540 I3, 16 15,800 14,700

Secpage from irrigation-scason streamflow not 730 660 THY Ba0 6 950 g5 630
included in unconsumed irrigation water
Companent

Seepage (rean unconsumed ireigalion water T.210 .50 5020 10,050 A0 18,5490 [LER NI H.550
and distributign sysicims

Iniidevation from precipitation 3.6R0 3320 380 &, 30H) 330 4,790 4970 3380

Subsurface inflew and seepage frmn epheneral 11,840 42.750 12.660 17,780 9810 23,300 25660 94970
stremins o east side of Tuab Valley

Scepage from ephemeral streans and subsueface 4,120 KT 4810 6,760 3730 8,850 9.750 3790
inflow fo west side of Juab Yalley

Total 38,230 M.810 43,430 53,430 36,370 63,640 67,270 37,070
Specified discharge

Withdrawai from wells pumped for irrigation 1056 5,050 12,150 12,560 18770 13,280 4,570 17,220
and public supply

Subnsurface outflow to consolidated rock/ G801 RO 1.150 1610 890 2,110 2.320 60

uncensalidated basin- il deposits boundary

Total 2,030 5,930 13,300 1,170 19,660 15,390 6,890 18,120

Model-computed discharge

Flowing welis 130 520 530 5RO 250 610 1180 600
Springs and sceps
Currant Creck upstrean from paging 103,290 9,640 9,310 2,590 7,720 9,890 12,230 9,480
station 1146400
Currant Creek downsiream (rom gaging 3,480 3340 3270 3370 2,930 3,600 4.160 3390
staticn 10146400
Mona Reservoir 49,580 8770 8,370 8,860 6,654} 9.670 12,320 8,804
Springs and seeps total 23,350 1,750 203,950 21.820 17,300 23160 28710 21,670
Hyvapobranspiration 13,018 12,066 11,330 1710 7,380 11,690 13,970 11,340
Tatal 36,490 2,330 12,810 M,.110 24,970 35,460 43,860 610
Waler going into (+) or out of (-) sleragc:‘ +1,370 -3.750 -1.050 +6.760 6,790 +14,120 +17.826 -13.490
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Table 5. Specified ground-water recharge and discharge and model-computed discharge and change in storage for the multi-

year transieni-state simulation, Juab Valley, Utah—Continued

Budget Flow, in acre-feel per year, for each stress period (rounded )l
element 1949-53 1954-59 1960-67 1968-69  1970-77 1978-42 1943-86 198792
Sonthern part of Juab \-’;.l.llegrr2
Specified recharge
Seepage from nontrrigation-seasor streamflow 2,320 21 2460 2730 2,100 3030 3450 2140
Seepage from irrigation-season streamflow not 0 0 0 { { 0 a 0
included in unconsumed ferigation waler
component
Seepape from unconsumed irmigation water 3.720 RN 4150 4.63) 3,950 5,260 5,301} ENE
and distribution systems
Infiltratiom [rom precipitation 2620 LY 2740 050 2.350) A4 3530 20
Subsurtace inflow and seepage fromn ephemeral [ 1,510 1,560 2750 L5} RELLY 31.960 1,544}
slrearms 10 eist side of Juab Valley
Seepage from cphemeral sireams and subsurface 1474 1320 1,720 1410 1.330 3160 RE: 8 1350
inflow o west side of luab Valley
Tatal 11,800 10,690 13.030 15,570 11.240 18,480 19,420 LLo0i
Specified discharge
Withdrawal from wells pumped for irrigation 10 L.0O50 23460 3.120 6.274} 5000 3270 7.9
and public supply
Subsurface cullow W conselidated rock/ 0 0 0 i} 0 0 i} 0
unconselidated basin-fill deposits boundary
Total 510 1,050 2,360 3120 6,270 5,090 3,270 7990
Model-computed discharge
Flowing wells £90 870 1130 (Y 1.0 110 1,220 L4130
Springs and seeps
Palmer Spring 340 344 340 340 320 33 350 130
Chicken Creek Reservoir 3640 3350 3530 3600 325 3570 3830 3.3
Springs and seeps otal 1U%} 3,890 3870 3,940 1570 3900 4,18{} 1650
Evapoiranspiration 4,280 3000 3,750 3860 2,610 3270 4130 2740
Total 9,150 8,750 §,750 8,950 7,180 #,280 9,530 7420
Water going into {+) or out (-} of storage? +220 - 1,066 +50 +1.710 -3870 +3,630 +5.180 -5.230

TFlow is based on rate computed for the Jast time step in the stress period.

*The division of the northern and southern pans of Juab Valley is based on a topographic divide and not a ground-water divide. Depending an the by-
drologic conditions, simulated flow from 1he southern to the nonthern part of Juak Valley varies from about LANK o ahoun 2000 aere-feet per year.

Water going ino (+) storage is trealed ax discharge by the numerical model: water going out of (- storage is treated as recharge by the numwerical
madel. The difference between recharge., discharge, and stovage amounts for o stress period is appreximately the simulated Qow front the southern 1o the north

ern part of Juab Valley,
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Table 6. Specified ground-water recharge and discharge and model-computed discharge and change in storage for the
seasonal transient-state simulation, Juab Valley, Utah

Flow, in acre-leet, for each stress period ¢rounded)’

Januoary 1 to April I to July 1 10 October 1 to January 1 to
Budgel March 31, June 30, September M, December 31, Murch 3t
element 1993 1993 1993 1993 199

-
Northern part of Juab Valley”
Specified recharge
Seepage from nonirrigation-season streantlow 7,291 0 { 1.290 7.290

Seepape fronn irrigaion-season streanflow nol included in 0 frd{} 270 [u} 0

unconsumed irrigation water component

Seepage Trom unconsumed irrigation water and disiribution 0 £, 204} 3,800 0 {1
sNynlUHs

Infalratien fromt precipitation 2120 90 710 830 | {13

Subsurfuce inflow and secpoge from ephemeral steeams 1o 5,230 4. 15 6,270 5230 5,230

east side of Juab Valley
Seepage from ephemeral streams and subsurface infiow to 1,990 1,390 2,380 1,990 1.990
west side of Juab Valley
Total 16,630 13,530 13,430 15,340 15,540
Specified discharge
Withdrawal from welts pumped for irrigation and public supply 0 {} 11.440 0 {0
Subsurface outllow o consalidated rock/unconsolidated 470 R0 570 470 470

hasin-1ill deposits boundary

Tuotal 470 380 12,10 470 470

Model-computed discharge

Flowing wells 170 180 130 160 180
Springs and seeps
Currant Creek upstream from gaging station 10146400 2,730 2,530 2,420 2,660 2.8
Currant Creek downstreamn from gaging siation [0 46400 900 850 860 KO0 gt
Mona Reservoir 2240 2,300 2, 14) 2,200 22641
Springs and seeps (o1l 5870 5710 5,420 5,750 5490
Evuporanspiration t 2,064 2 R £] ]
Total 6,00 8,850 8,390 5910 6,170
Witer poing inlo {+} or out of (-1 storage® + (1. 4(K) +4.560) 0,610 +3.210 +9.140
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Table 6. Specified ground-water recharge and discharge and model-computed discharge and change in storage for the

seasonal transient-state simulation, Juab Valley, Utah—Continued

Flow, in acre-feet, for each stress period ( rounded}'

January [ to April 1to July I to October [ to Junuary 110
Budget March 31, June 30, September 30, Decermnber 31, Mareh 31,
element 1993 1993 1993 1493 1994
Southern part of Juab Valley’
Specified recharge
Seepugre ram nonirrigalon-season streamflow I 460 1] {} 1460 1,401
Seepage fron irrigation-season streamlow not included n i} { i} i} 1]
uncansuned iri'igulmn woler CE)II]pOIlCI’Il
Seepage from vaconsumed irrgauon water and distribution 0} 3,200 2,080 0 0
Nyslems
tnfiliration from precipilation 1,500 650 SO0 500 T3
Subsurface inflow armd seepage (o ephemctal sreqins (@ cant g10 650 970 B4 810
side of Juab Valley
Scepage {rom ephemeral sivedins and subsurface inflow 1o west TI0 ST #50 710 L
side of Juaky Valiey
Total 4.430 5,070 4,400 3570 3700
Specified discharge
Withdrawal from wells pumped for irrigation and public supply 0 0 TG 0 0
Subsurface outfiow 10 consolidated rock/unconsolidated basin-fil) 0 {) & 0 [y
depasits boundary
T'otal 4] 1] 7.110 0 it
Model-computed discharge
Flowing wells 314} 290 280 30 k1KY
Springs and seeps
Falmer Spring i) Y1 hill 110 1
Chicken Creek Reservoir 960 490 K60 Q3 70
Springs and secps (otal 1,070 470 940 10330 1080
Evapolranspiration 0 16 750 0 0
Total 1. 380 2,180 1,970} 1,330 1390
Waler going into {+) o out of -} slorge’ +2.770 +2,560 -5.06( +1.940) +2030

TElow is based on rate computed for fhe last time step in the stress petiod,

*The division of the northern and southern parls of Juab Yailey is hased on a wpographic divide and not a geovad-water divide, Bepending on the by -
drologic conditions, simulated Mow from the southeen o the northern part of Juab Valley varies from aboul 1,000 to about 2,000 sere-Teet per year,
Waler going into (+) storage is treated as discharge by the nuinenical model: water going out of {-1 siorage s Ireated as recharge by the nunerical model,
The difference berween recharge. discharge, and storage amounts for a siress period is approximately the simulaied flow from the southern 1o the nothern pant

of Juah Valley,
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depth of the well. If depth information is not available,
the well discharge is assigned in equal parls to all model
Jayers. Well discharge data for cach stress period were
comptled and estimated from unpublished data in the
fAles of the U.S. Geological Survey Utah District office
in Salt Lake City, Utah. For the seasonal trunsient-state
simulation. all ground-water pumpage is assumed to
occur during the July through September stress period
{see “Seepage Irom unconsumed irrigation water and
distribution systems” section of this report). Well dis-
charge for the steady-state and individual stress periods
of the transient-state simulations is listed in tables 4, 5.
and 6.

Ground-water discharge to flowing wells is sim-
ulated as a hcad-dependent flux boundary with the
Drain Package (McDonald and Harbaugh, 1988, p. 9-
1). Flowing-well discharge is directly proportional to
the difference between the altitude of the top of the well
and the altitude of the head in the well. As with pumped
wells, only wells with an estimated discharge greater
than 50 acre-ft/yr {30 gal/min} arc stmulated. Flowing
wells are simulated at model cells and layers that corre-
spond to the location and depth extent ot the perforated
intervals of the Mowing wells (fig. 25). The perforated
interval of a lowing well is measured in the same man-
ner as for a pumped well. The Drain Package computes
flow across the boundary as a function of the head dif-
ference between the model-computed water Ievel at the
center of the model cell, the drain altitude, and the drain
conductance. The drain altitude assigned to flowing
wells is the land-surface altitude of the center of the
mode! block in layer 1 that corresponds to the loeation
of the well and was determined from the appropriate
U.S. Geological Survey 1:24,000-scale 1opographic
map. This allows model-computed discharge to a fow-
ing well to cease when the model-computed water level
at the boundary is at or below land surface. Drain con-
ductanee 18 a calibration parameter, and final values
were determined during model calibration (see “Cali-
bration parameters™ section of this report). At the start
ol the calibration, drain conductance was arbitrarily
assumed to be T x 10° fi/d.

Discharge to springs and seeps is simulated as a
head-dependent flux boundary with the Drain Package
{McDonald and Harbaugh, 1988, p. 9-1). A spring or
scepage area Is an expression of the water table at land
surface, and the arnount of discharge and areal extent of
the seepage area depends on Jocal water levels. Simu-
lated discharge to drains varies with changes in model-
computed water levels, and no discharge is simulated
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when the water level at the drain node declines below
the specified drain altitude.

The secpage area south of Burriston Ponds is
represented by drains placed at model nodes in layer 1.
Drains representing discharge to Burriston Ponds were
placed at model nodes in layer I that correspond to the
location of the ponds and at underlying model nodes in
layers 2 and 3. These drains are simulated in the upper
three model layers to account for ground water that has
ponded at land surface and wuter that has moved
through the decper parts of the ground-water system.
Gravity data indicate a gravity high in the arca of Burr-
iston Ponds (Zoback, 1992, p. ES). This chunge in the
geologic structure of the valley may result in flow along
a preferential path to the springs. The discharge to
Burriston Ponds and the secpage area south of Burris-
ton Ponds is referred to as “Currant Creek upstream
from gaging station 10146400 in tables 2,4, 5, and 6.
The location of these drains is shown in figure 25 as
springs and secpage areas in the northern part of Juab
Valley. The drain representing Palmer Spring, a surface
feature in the southern part of the valley, is placed in
model layers 3 and 4 to simulate water discharging
from a deeper part of the unconsolidated basin-fill
deposits. The west side of Juab Valley is bounded by an
east-dipping fault zone. Ground water that has moved
downgradient from the east side of the valley could
intersect the fault zone at depth and fAlow along it toward
land surface and Palmer Spring. Simulating these
springs as drains in multiple layers is analogous to sim-
ulating flowing wells as drains with perforated intcrvals
in multiple layers.

Drain altitude and drain conductanee are calibra-
tton parameters and their tinal values were determined
during model calibration, The drain aititude was ini-
tially set to 5 tt below the land-surfacce altitude of the
center of the mode! block and was determined from the
appropriate U.8, Geological Survey [:24,000-scale
topographic maps. This was done to compensate for
channelization within the secpage area or depressions
near the spring. The initial estimate of drain conduc-
tance was arbitrarily assumed to be 1 x 10° ft%d.

Discharge to Currant and West Creeks is simu-
lated as a head-dependent flux boundary using the
Streamflow Package (Prudic, 1989). Seepage studics
show that a hydrologic connection exists between the
creeks and the underlying pround-watcr system. The
placement of streamflow boundaries corresponds to the
locations of Currant and West Creeks and is shown in
figure 25. The Streamflow Package computes fAlow
across the boundary as a funetion of the head difference
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betwcen the model-computed water level at the center
of the model cell and the water-surface altitude of the
stream (hereafter referred to as stecarn stage) and the
streumbed conductance, The package accounts (or
changes in streamflow caused by secpage to and from
the stream, tributary inflows, and diversions and can
compute stream stage as a function of streamflow. The
stream-stage option was not used, however, becausc
data are not available to describe the relation between
streamflow and stage. At boundarics formulated by the
Streamflow Packuage, discharge occurs when odel-
computed water levels rise above stream stage.
Required input data for the Streamflow Package
include the following physical characteristics: altitude
of the top and bottom of the streambed, stream stage,
streambed width and length, and hydraulic conductiv-
ity of the streambed.

Average streambed altitude was determined from
the appropriate U.S. Geological Survey 1:24.000-scale
topographic nups, which on the basis of contour inter-
val, are considered to be accurate to plus or minus 10 ft.
The top of the streambed was set initially at 10 [t below
land surface to compensate for stream channelization.
Average strearnbed altitude is a calibration parameter.
Stream stage [or Currant and West Crecks is arbitrarily
set at 3 and 1 ft above the top of the streambed, respec-
tively. The bottom of the streambed is arbitrarily sct at
1 ft below the top of the streambed; data are not avail-
able to determine this depth quantitatively. In the
Streamflow Package, when model-computed ground-
waler levels are below the bottom of the streambed, the
stream is no longer in direct contact with the ground-
water systern and water from the stream moves through
the streambed to the ground-water system at a unit gra-
dient {McDonald and Harbaugh, 1988, p. 6-6). On the
basis of visual observations, the width of Currant and
West Creeks was assurned to be 20 and 10 ft, respec-
tively. Streambed length within individual modefl cells
for West Creek was approxirnated to equal the length of
the cell, 1,320 ft. Streambed length within individual
model cells for Currant Creek was determined from the
appropriate U.S, Geological Survey 1:24,{})0-scale
topographic maps. Hydraulic conductivity of the stre-
ambed defines the ease with which water can move
through the strearmnbed. This property has not been
measured for these streams and is a calibration param-
eter (see “'Calibration parameters” section of this
report). Hydraulic conductivity of the streambed was
set at |10 fi/d for Currant Creek and | ft/d for West
Creek at the start of the calibration process.
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Discharge to springs and secps at Mona and
Chicken Creek Reservoirs is simulated as a head-
dependent flux boundary by assuming that reservoir
stage remains constant throughout the simulations. Dis-
charge to the reservoirs is dependent on the ditference
between water levels in the ground-water system
underlying the reservoir and the water-surface altitude
in the reservoir, The Constant-Head Node option
{(McDonald and Harbaugh, 1988, p. 4-2} is assigned to
model nodces in layer | that correspond to the areal
extent of Mona and Chicken Creck Reservotrs (fig. 25),
Discharge occurs across the boundary if water levels in
underlying model nodes are higher than the water level
in the reservoir, and recharge occurs if water levels are
lower than the water level in the reservoir. The altitude
assigned to the constant-head nodes representing Mana
and Chicken Creek Reservoirs is 4,877 and 5,050 ft,
respectively.

Discharge by evapotranspiration is simulated as u
head-dependent flux boundary using the Evapotranspi-
ration Package (McDonald and Harbaugh, 1988,

p. 10-1). Discharge by evapotranspiration is dependent
on depth 10 the water table and is, therefore, a head-
dependent process. Cells simulating evapotranspiration
are shown in figure 26 and correspond to areas mapped
as wetlands during 1988 (pl. ). The simulation of
evapotranspiration is based on the assumption of a lin-
ear chunge between a maximum evapotranspiration
rate when the water level is at or above land surfuce, to
an evaporation rate of zero when the water level is
below a specified extinction depth.

Input parameters for the Evapotranspiration
Package are the evapotranspiration surface altitude, the
extinction depth, and the maximurn cvapotranspiration
rate. The evapotranspiration surface altitude is equal to
land surfacc at the boundary. The extinction depth is
set, subjectively, to 10 ft below land surface and repre-
sents an average extinction depth for the principal
phreatophytes in Juab Valley. The estimated maximum
cvapotranspiration rate is set at 3.3 {t/yr for all phreato-
phytes in Juab Valley, which is about 160 percent of the
cstimated average evapotranspiration rate of 2.1 fu/yr
discussed in the “Evapotranspiration” section of this
report. The rate of 3.3 fUyr 1s the average of the nuaxi-
nwrn rates for meadow grasses and salt grass, 2.0 ft/yr
and 4.0 f/yr, respectively (Robinson, 1938, p. 18 and
75). For the seasonal transient-state simulation, the
evapotranspiration rate is set at zero for the October
through December and January through March stress
perieds. This assumes that no plant growth occurs dur-
ing the fall and winter months.
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Discharge by subsurface cutflow is simulated as
a specified-Aux boundary using the Well Package
{McDonald and Harbaugh, 1988, p. 8-1}. Data are not
available 1o quantify subsurface cutflow from the
unconselidated basin-fill deposits, so a simplistic spec-
itied-flux approach was used to simulate this compo-
nent of discharge. Subsurface outflow is limited to the
consohdated rocks along the northeastern part of Long
Ridge. This discharge i1s represented by 40 pumpinp
wells placed in model layers 1. 2, 3. and 4 at the modcl
nodes along the western extent of the saturated uncon-
solidated basin-fill deposits of Juab Valley north of
Mona Reservoir (fig. 23}. Discharge by subsurface out-
Aow is evenly distributed to the pumping weils. At the
start of the calibration process, subsurface outflow was
set at 1,000 acre-ft/yr {table 2}. For the seasonai tran-
sient-state simuiation, the annual specified discharge
from subsurface outflow is partitioned as 25, 20, 30,
and 25 percent, respectively, for the January through
March, April through June. July through September,
and October through December stress periods. These
percentages arc based on reported seasonat variations
in discharge from Bradley Spring and selected springs
and spring-fed drainages in the southern Wasatch
Range that discharge from consolidated rocks. The
amount of subsurface outflow is a calibration parameter
and was determined during model calibration {see
“Calibration parameters” section of this report).

Hydrologic Properties

Muodel parameters that simulate the hydrologic
propertics of the saturated unconsolidated basin-All
deposits are horizontal hydraulic conductivity, trans-
missivity, vertical ieakance, primary storage coeffi-
cient, and secondary storage coefficient. Transmissivity
and vertical leakance each incorporate modei-layer
thickness and hydraulie conductivity into a single term,
Storage coefficients, depending on the model-layer
specifications, are either equated to specific yield or to
the product of specific storage and model-fayer thick-
ness. These hydrologic parameters, along with the
boundary conditions, determine the amount and pattern
of model-computed ground-water flow between nodes
and across boundaries of the numerical model.

Horizontal hydraulic conductivity and transmis-
sivity are two model parameters that help control simu-
jatcd horizontal ground-water flow in the saturated
uncensolidated basin-f1ll deposits. Estimates deter-
mined from specific-capacity values, slug tests, and
aquifer tests for selected areas of the vailey {see
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“Hydrologic properties™ section of the conceptual sys-
tem in this report) were used to limit the range of
hydraulic-conductivity and transmissivity values used
in the model. A horizontal hydraulic-conductivity
vafue is required for ail active maodel nodes 1n inodel
layer 1. Atthe start of the calibration process, hydraulic
conductivity was set to 10 ft/d near the mountains and
20 ft/d in the center of the valley. The targer imitial esti-
mates of conductivity near the mountains refiect the
generaily coarse-grained naturc of the unconsolidated
basin-fil} deposits found in these areas on the basis of
lithologic descriptions in drillers” logs. Model layer |
simulates unconfined ground-water flow. Transmissiv-
ity, the product of horizontal hydraulic conductivity
and model-layer thickness, is used to compute confined
horizental ground-water flow and 1s required maodel
input for layers 2, 3, and 4. These model layers simulate
contined ground-water flow but are allowed to become
focaily unconfined when the water Ievel in the model
cell drops befow the top of the layer. At the start of the
calibration process, the transmissivity for cach of
model layers 2 and 3 is the product of the initial hori-
zontal hydraulic-conductivity value assigned to mode!
layer 1 multipiied by the thickness of the respective
layer.

The thickness of unconsohdated basin-fill depos-
its in Juab Vailey, and therefore layer 4, is not known.
On the basis of the structure of other vaileys in the
Basin and Range Province, the unconsolidated deposits
of Juab Valley are assumed to be thicker in the center
than along the margins of the valley. As aresult of con-
soltdation, deeper deposits in the intertor part of the
vailey are assumed o have a smaller hydraulic conduc-
tivity than deposits closer to the mountain fronts. Thus,
as the thickness of layer 4 increases away from the
mountain fronts and the hydraulic conductivity
decreases, the transmissivity would tend to be rela-
tively constant throughout the interior part of the valiey.
Near the edge of the valley, transmissivity can be farge
because of the well-sorted coarse-grained deposits near
the canyon mouths. At the start of the calibration pro-
cess, transmissivity values for model layer 4 were
25,000 f°/d near the mountains and 5,000 f1%/d in the
center of the valley. The final distribution and values of
hortzontal hydrauvlic conductivity and transniissivity
were determined during moedel calibration {sec “Cali-
bration parameters” section of this report).

Vertical leakance is the model parameter that
helps control ground-water flow between the mode!
layers that represent the saturated unconsolidated
basin-fli deposits. Vertical leakance is part of the con-



ductance term for vertical ground-water flow and is
determined from the individual vertical hydraulic-con-
ductivity value divided by the thickness of all gechy-
drologic units that exist between vertically adjacent
model nodes (McDenald and Harbaugh, 1988, p. 5-11).
Vertical conductance is vertical leakance multipiied by
the model cell area. Vertical hydraulic conductivity of
the unconsolidated basin-fill deposits in Juab Valley has
not been quantified except for a site in the southern part
of the valley {see “Hydrologic properties™ section of
the conceptual system in this report). For this simula-
ton, it 1s assumed that vertical hydravlic conductivity
15 the same throughout the totat thickness of the satu-
rated unconsolidated basin-fill deposits. At the start of
the calibration process, all vertical-leakance values
were bascd on vertical hydraulic-conductivity valucs of
| {t/d near the mountains and 0.1 ft/d in the center of the
valley. The hinal distribution and values of vertical lea-
kance were determined during model calibration (see
“Calibration parameters” section of this report).

Primary and secondary storage coefficients are
medel parameters used to simulate the amount of water
reieased from and placed into ground-water storage as
a result of water-level changes. The primary storage
coctficient for model layer 1 1s equivalent to specific
yield. For model layers 2, 3, and 4, the primary storage
coefficient is equivalent to the confined storage coeffi-
cient. Because model cells in fayers 2, 3, and 4 may
become unconfined, a secondary storage coefficient is
requited for these layers. This is equivalent to specific
yield and is used only when the cells become uncon-
tined {when the water level in @ model cell drops below
the top of the cell). At the start of the calibration pro-
cess, the primary storage coetficient for model layer 1
was assigned a value of .20, The initial value for the
primary storage coefficient tor model layers 2 and 3 s
6 x 107 and is based on a specific storage of 1 x 1076 !
{specific storage is defined as the storage coefficient
divided by model-laver thickness). The initial value for
the primary storage coefficient for model layer 4 1s 2.3
x 1074, The secondary storape cocfficient for model
fayers 2. 3. and 4 was assigned an initial value of 0.2{},
which is identical 1o the specific yield of tayer 1. The
initial values for primary and secondary storage coctfi-
cients were set arbitrarily, and the tinal distributions
and values were determined during model calibration
{see “Calibration parameters™ section of this report}.

Model Calibration

The numerical model was calibrated to observed
ground-water levels to simulate the steady-state condi-
tions of 1949, multi-year transient-state conditions dur-
ing 1949-92, and seasonal transient-state conditions
during 1992-94. The 1949 stcady-state period repre-
sents the hydrologic systern in Juab Valiey prior to the
start of large-scale ground-water withdrawal from
welis. The result of the 1949 steady-state simulation 1
the initial condition for the transient-state simulation.
The 1949-94 transient-state conditions represent a
period of extensive ground-water development and
other large changes in hydrologic stress. Initially, the
nuwmerical model was roughly calibrated 10 the esti-
mated ground-water budget listed in table 2 and the
average water level at 191 welis, The average water
fevel is computed from the water-level data available
for 1935-94 for each well. Data are not available to
estimate individual components of discharge for 1949-
94 except for ground-water pumped from wells; there-
fore, the steady-state and transient-state simulations
could net be calibrated to match discharge from known
sources. Calibration parameters were adjusted until the
numerical madel obtained a reasonable match with
water levels measured at steady-state conditions in
1949 and transient-state conditions during 1949-94,

Calibration Parameters

The parameters adjusted during the calibration
process, listed in general order of importance, are hori-
zontal hydraulic conductivity and transmissivity, spa-
tial distribution and amount of recharge from injection
wells that simulate subsurface inflow and seepage from
ecphemeral streams to the east side of Juab Valley, ver-
tical hydraulic conduetivity, drain conductance, stre-
ambed hydraulic conductivity for Currant and West
Creeks, specific yield, the amount of recharge from
injection wells that simulates subsurface inflow and
seepage from ephemeral streams to the west side of
Juab Vailey, the amount of discharge from subsurface
outflow, and storage coefficient. Generally, horizontal
hydrauiic conductivity was adjusted within a range
determined by specific-capacity values, slug tests, and
aguifer tests to attain a reasonable match between mea-
sured and model-computed water levels. The spatial
distribution of recharge from subsurface inflow and
seepage from ephemeral streams 10 the east side of Juab
Valiey was adjusted to mateh measured and model-
computed water levels in local areas where large
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amounts of ground-water pumpage occtirred. Vertical
hydraulic conductivity was adjusted to allow model-
compuied flows in lower layers to discharge at head-
dependent flux boundaries in model layer 1. Drain con-
ductance and streambed hydraulic conductivity were
adjusted to best simulate measured water levels near
flowing wells, springs, seeps, and streams. The amount
of recharge [tom subsurface inflow and seepage from
ephemeral streams to the east and west sides of Juab
Valley, the amount of discharge from subsurface out-
flow, specitic yield, and storage ceefficient were
adjusted to best simulate incasured water-level changes
through time.

Runges were established for calibration parame-
ters on the basis of available duta and the conceptual
understanding of the ground-water system. The ranges
represent physically and hydrologically reasonable
estimates of parameters and the degree of uncertainty
associated with each parameter. Limitations, final val-
ues, and distribution of the calibration parameters are
discussed in this sectton.

During the 1949-94 transient-state period, the
amount of ground water pumped from wells varied
from about 500 acre-1¥/yr in 1949 to an average of
26,000 acre-fifyr for 1989-93. Ground water generally
is used to supplement the supply of surface water for
irrigation. A change in the amount of natural discharge,
water in storage, and {or) recharge must have occurred
in order for the system to approach a new state of equi-
librium. Water-level changes observed in selected
wells show no large declines associated with ground-
water development in the valley (figs. 10 and 11). The
values assigned to horizontal and vertical hydraulic
conductivity, drain conductance, and streambed
hydrauiic conductivity were set so that relatively small
changes in modei-computed water levels correspond to
relatively large variations in model-computed dis-
charge to springs, seeps, and evapotranspiration. This
was done to ensure that simulated increases in ground-
water pumpage primarily would affect natural dis-
charge from the system and would affect model-com-
puted water levels to a lesser degree.,

Horizontal hydraulic conductivity of mode! lay-
ers 1, 2, and 3 was varied spatially but not vertically
from 1 te 200 {t/d during model calibration. The trans-
missivity of model layer 4 was varied from 200 to
70,000 fi%/d. The corresponding range of transmissivity
for the simulated unconsolidated basin-f1l deposits
(model layers 1, 2, 3, and 4) is about 400 to 105,000
fi>/d. This is consistent with the range of transmissivity
values presented in the “Hydrologic properties' section
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of the conceptual system in this report. The transmis-
sivity of model layers 1, 2, and 3 can be computed by
muitiplying horizontal hydraulic-conductivity values
by & thickness of 50, 60, and 60 ft, respectively. The
actual thickness of layer 4 is not known, but it is
assumed that horizontal hydraulic conductivity
decreases as the thickness of layer 4 increases. The
final distribution of horizontal hydraulic conductivity
formodel layers |, 2, and 3 varies trom | to 125 fi/d and
is shown in fAgure 27. The final distribution of trans-
missivity for model layer 4 varies from 28( to 36,000
fi2/d and is shown in figure 28, Horizontal hydraulic
conductivity and transmissivity were determined
mainly by adjusting values unti! a reasonable match
between measured and model-computed water levels
was obtained.

To match water levels near the mountains, hori-
zontal hydraulic-conductivity values were assigned
that generally range from | to 10 fi/d. The unconsoli-
dated basin-fAll deposits in these arcas generally are
coarse grained, and the relatively smalier horizontal
hydraulic conductivity reflects poor sorting of those
deposits. In areas near Nephi and Levan, the unconsol-
idated hasin-fill deposits are simuiated with horizontal
hydraulic-conductivity vaiues that were varied from 60
to 125 ft/d. Values are larger in these areas because the
unconsolidated basin-fill deposits have probably been
reworked and sorted by Salt Creek and Chicken Creck.
Horizontal hydraulie conductivity and transmissivity
values between major ground-water recharge areas
near the mountain front and natural discharge areas in
the lower parts of the valley were increased to create a
good hydraulic connection. This was done to get a large
variability in model-computed discharge to springs,
seeps, and reservoirs as a result of ground-water with-
drawal from wells near Nephi and Levun and also 1o
provide an acceptable agrecment between measured
and model-computed water levels.

The amount of recharge from subsurface inflow
and seepage from ephemeral streams to the east side of
Juab Valley was varied from about 10,000 to 15,000
acre-fu/yr during the steady-state calibration {the mini-
murm value for estimated average conditions is 13,7(40)
acre-f/yr, the sum of values presented for the northern
and southern parts of Juab Valley in tabie 2) to martch
measured water levels representing the steady-state
conditions assumed for 1949, The amount established
during model calibration for 1949 is 12,100 acre-ft/yr
(the sum of valucs presented for the northern and south-
ern parts of the valley in table 4). This amount is con-
sidered to be about 95 percent of estimated average



conditions, in accordance with the ratio of precipitation
in 1949 to the 1931-93 average precipitation. With this
method. recharge from subsurfuce inflow and scepage
from ephemeral streams to the east side of the valley
under estimated average conditions is caiculated to be
12,700 ucre-1v/yr and is used as the basis for the tran-
sient-state simulation. For the multi-year and seasonal
transient-state simulations. recharge from subsurface
inflow and seepage from ephemeral streams to the east
side of the valley was varied by the ratic of precipita-
tion during the given stress period to the 1931-93 aver-
age precipitation.

To match the trend and to better approximate the
magnitude of measured water-level changes in both the
multi-year and the seasonal transient-state simulations,
it was necessary to increase recharge from subsurface
inflow and seepage from ephemeral streams during
periods of greater-than-average precipitation. This Is
based on the assumption that the percentage of precipi-
tation that recharges the consolidated-rock ground-
waler system increases with an increase in precipitation
and is described by the equation

Sciress period = S(werage{ {r strecs period /P uvemge} -fjx
4+ 1} (53

where
LY

recharge from subsurfuce inflow and seep-
age from ephemeral streams and

P = precipitation.
The coefficient egual to 4 in this equation was deter-
mined during the calibration process. Recharge has
been varied as a function of the ratio of annual precipi-
tation to average annual precipitation and a coefficient
in other areas of the State (Holmes and Thiros, 1990, p.
47, and Lambert, 1995, p. 83).

Analysis of water budgets estimated for the
mountain drainages east of Juab Valiey indicates that
sufficient water is available to satisfy the amount of
recharge from subsurface inflow and seepage from
ephemeral streams simulated during a period of
greater-than-average precipitation, such as 1983-86.
On the basis of measured water-level changes, recharge
to the ground-water system can increase drastically
during periods of greater-than-average precipitation but
does not seem to be significantly less than average dur-
ing periods of less-than-average precipitation. For peri-
ods of less-than-average precipitation, the actual ratio
of precipitation during the given stress period to the
1931-93 average precipitation was uscd. Recharge to
the ground-water system is probably much greater than
average during periods of greater-than-average precip-

itatzon because evaporation, consumptive use of water
by plants, and soil-moisture retention do not increase
beyond certain values depending on the area and the
plant and soil types. The method used to calculate
recharge from subsurtace inflow and seepage from
ephemeral streams to the east side of Juab Valley
accounts for this variability in recharge. Recharpe spec-
ified in the modeli from subsurface inflow and secpage
from cphemeral steams to the east side of Juab Valley
ranges from 11,300 acre-ft/yr in 1954-59 to 29,700
acre-fufyr in 1983-86 (the sum of values presented for
the northern and southern parts of the valley in table 5}
and was evenly distributed to each of the four layers.
There 15 insuthcient data available to verify these
amounts and significant uncertainty exists with this
component of recharge.

About 35 percent of the simulated recharge from
subsurface inflow and seepage from ephemeral streams
to the east side of the northern part of Juab Valley is dis-
tributed to the area east of Mona Reservoir. This
amount of recharge is required to simulate measured
and estimated discharge to pumped wells in the area, to
Currant Creek upstream and downstream from gaging
station 10146400, and to Mona Reservoir, without
causing water-level declines much greater than mea-
sured declines. The mountains east of Mona mainly
consist of fractured carbonate rocks and potentially can
be a large source of subsurface inflow. About 50 per-
cent of the simulated recharge from subsurface inflow
and seepage from ephemeral streams to the east side of
the northern part of Juab Valley is distributed to the arca
directly east of Nepht, near where Salt Creck enters the
valley. The largest measured transmissivity values in
Juab Valley occur in this area, and it is also an area with
targe amounts of ground-water pumpage. To match
water leveis measured in this area, a large amount of
recharge from subsurface inflow was required. About
75 percent of the simulated recharge {rom subsurtace
miiow and seepage from ephemeral streams to the east
side of the southern part of Juab Vailey is distributed to
the area east of Levan, near where Chicken Creek
enters the valley. Again, this s an area with large
amounts of ground-water pumpage and this amount of
recharge from subsurface inflow was required to match
measured local water levels.

Vertical hydraulic conductivity was varied from
0.001 to 2 fv'd during model calibration. The final dis-
tribution of vertical hydraulic conductivity varies from
0.1 to 1 ft/d and is shown in figure 29. A vertical
hydrautic-conductivity value of t ft/d was assigned to
areas near the mountains and in most of the southern
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part of Juab Valley where confining layers are thin or
not present. Vaiues of 0.1 and (1.5 fi/d were assigned in
the north-central part of Juab Valiey (west and north of
Nepht), and to the lower parts of the southern part of
Juab Valley. This was done to sirmulate the cffects of
confining layers in the area. A vertical hydraufic-con-
ductivity value of | ft/d was assigned to the arca under-
lying Mona Reservoir so that ground water can
discharge casily to the reservoir.

Drain conductance was varied from 1 x 10% to
I x 107 71¥7d during model calibration. The range was
arbitrarily chosen because data are not avaifable to esti-
mate the hydraulic conductivity of the interface
betwcen the unconsolidated basin-fili deposits and the
flowing wells, springs, and sceps modeled as drains.
Drain-conductance vaiues of 5 x 10% and 8 x 10° ft¥/d
were assigned to model cells that simufate flowing
welis that are estimated to discharge less than and more
than 80 acre-ft/yr, respectively. A drain conductance of
1 x 10 % was assigned to model cells that simulate
Burriston Ponds, the seepage areas south of Burriston
Ponds, and Palmer Spring. These values provide an
acceptable agreement between measured and model-
computed water levels and estimated average discharge
and model-computed discharge 1o Aowing wells and
springs. Ground-water pumped from wells near Nepht
and Levan and large drain eonductances result in a large
variability during 1949-93 in simulated discharge to
springs, seeps, and reservoirs. Drain altitude was
adjusted up to plus or minus 10 {t, the accuracy of the
contours from which the drain altitude was initially
determined.

Hydravlic conductivity of the Currant and West
Creek streambeds was varied from 1 to 1,000 ft/d dur-
ing model calibration. Data are not available to deter-
mine the hydraulic conductivity of the streambeds
directly, and the range is based on average values for
streambed material composed of silty sand to clean
sand (Frecze and Cherry, 1979, p. 29). Streambed
hydraulic-conductivity vaiues of 30 ft/d for Currant
Creck and | 1/d for West Creek provide a rcasonable
match between measurcd and model-computed water
tevels and between the estimated average discharge and
the model-computed discharge to these streams. Aver-
ape streambed altitude was varied up to plus or minus
1{} fi, the accuracy of the contours from which the aver-
ape streambed altitude was initially determined.

Specihc yield inlayer 1, and in layers 2,3, and 4
when water leveis drop below the top of the layers, was
varied from .01 through (0.3 during mode! calibration.
This range agrees with commonty estimated values of

ag

specific yield for unconsolidated basin-hll deposits
{Lohman, 1979, p. &, and Freeze and Cherry, 1979, p.
61)and is slightiy larger than the range estimated on the
basis of descriptions of materials reported in drillers’
logs (see “Hydrologic properties” section of conceptual
system in this report}). Generally, specific-yield vafues
were assigned on the basis of horizontal hydraulic-con-
ductivity values determined during calibration. Specitic
yield was set at 0.05 at model nodes where horizontal
hydrauhic conductivity was 1 or 5 fi/d, (0.1 at model
nodes where horizontal hydraubic conductivity was 10
or 20 fi/d. and 0.2 at model nodes where horizontal
hydrauiic conductivity was greater than 20 {U/d. Excep-
tions were made in two areas. The specitic yield west of
Levan, in the area where horizontaf hydraulic conduc-
tivity 1s 40 f1/d, was set at (3.1 to better match measured
water-level changes. The specific yield at Nephi, in a
selected area where the hydraulic conductivity is
greater than 44 f/d, was set at (1.3 to prevent large
water-level declines at individual model nodes where
discharge to pumped wells was simulated.

The amount of recharge from subsurface inflow
and seepage from ephemeral streams to the west side of
Juab Valley was set at 5400 acre-ft/yr for 1949 (the
sum of values presented for the northern and southern
parts of the valley in table 4), This is about 95 percent
of estimated average conditions (the sum of values pre-
sented for the northern and southern parts of the valley
is 5,700 acre-fi/yr, table 2, in accordance with the ratio
of precipitation in 1949 to the 1931-93 average precip-
ttation. For the multi-year transient-state simuliation,
recharge to the west side of the valley was varied as the
ratio of precipitation during the given stress period o
the 1931-93 average precipitation. For the seasonal
transient-state simulation, recharge to the west side of
the valley was varied using annual precipitation and
was partitioned seasonally as described in the
“Recharge™ section of the modeled system in this
report. This component of recharge was increased dur-
ing periods of greater-than-averape precipitation as
described for recharge from subsurtace inflow and
seepage from ephemeral streams to the cast side of Juab
Valley (cquation 5). Recharge to the west side of Juab
Valley from subsurface inflow and seepage from
ephemeral streams ranged from 5,000 acre-ft/yr in
1954-59 to 13,300 acre-fi/yr in 1983-86 (the sum of
values presented for the northern and southern parts of
the valley in tabie 5). As with recharge to the east side
of the valley from subsurface inflow and seepage from
ephemeral streamns, a significant degree of uncertainty
exists with this component of recharge.
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The amount of ground-water discharge by sub-
surtface outflow from Juah Valley was varied from
about 500 to 2,500 acre-t/yr during the steady-state
calibration {the minimum vajue for estimated average
conditions is 1,000 acre-{t/yr, table 2). The amount of
subsurface outflow established for 1949 was 950 acre-
fi'yr (table 4), about 95 percent of the estimated aver-
age, in accordance with the ratio of precipitation in
1949 to the 1931-93 average precipitation. For the
multi-year transicnl-state simulation, subsurface out-
flow was varied us the ratio of the precipitation during
the given stress period to the 1931-93 average precipi-
tatton. For the segsonal transient-state simulation, sub-
surface outflow was varicd using annual precipitation
and was partitioned seasonally, as deseribed in the
“Discharge” section of the modeled system in thig
report, This component of discharge was increased dur-
ing periods of greater-than-average precipitation as
described tor recharge from subsurface inflow and
scepage to ephemeral streams to the east side of the val-
ley (cquation 5). Discharge by subsurface outflow
ranged from 880 acre-ft/yr in 1954-59 to 2,300 acre-
f/yr in 1983-86 {table 3). Model limitations reselt
from using a specified-flux boundary to simufate
recharge and discharge from subsurface low. The
amount of Aow must be specified and is not controlied
by water-fevel changes in a transient-state simulation.
Increased ground-water pumpage near the specified-
flux boundaries causes the stimulated discharge to sub-
surface outfow or recharge from subsurface inflow to
likely be more or less, respectively, than what should
actuaily occur.

Specific storage of model fayers 2 and 3 was var-
ied spatially but not vertically from 1 x 16°%t0 5 x 109
ft-! during model calibration. The final value of specitic
storage assigned to all model nodes in layers 2 and 3 is
15 x 100! The storage coefficient of the unconsoi-
idated basin-fill deposits is estimated to range fron 5 x
10710 5 x 1071 on the basis of aquifer tests done in the
valley. Typically, storage-cocfficient values range from
5 x 107 to 5 x 107! (Freeze and Cherry, 1979, p. 60).
The final storage coefficient assigned to all model
nodes in layers 2 and 3 is 9 x 107, This value was cal-
culated by multiplying the specific storage of the fayer
by its thickness. The storage coefficient for model layer
4 was varied from 1.4 x 10 to 1.4 x 107? during model
calibration. The final storage coefficient assigned to all
nodes in layer 4 is 4.3 x 104,
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Steady-State Calibration

The numerical model was calibrated to the
steady-state conditions that were assumed to have
existed in the ground-water system of Juab Valley dur-
ing 1949, Ground-water development in the valley was
minor and most surface-water diversions were in place
at this time, Therefore, recharge to and discharge from
the ground-water systemn was dependent on the amount
of precipitation in the area and not on changes in water-
management practices. Examination of measured
water-ievel changes in the valiey indicate that 1949 was
a perrod of relatively smali change (hg. 30}, This indi-
cates that recharge and discharge to the ground-water
system were about equal and that there was littie
change in the amount of ground water in storage. The
conditions that are specified for the 1949 sieady-state
simulation are listed in table 4. Recharpe and discharge
amounts were determined using the methods explained
in the “Boundary conditions and data requirements”
section of this report, Calibration parameters were
adjusted to obtain a reasonable match between model-
computed water levels and water levels at seven wells
measured during March and Aprii, 1950, The steady-
state simulation was not calibrated to match dischurge
components computed by the model because of a fack
of data.

The potentiometric surface generated from
model-computed water levels forlayer 3 and the differ-
ence between model-computed and measured water
levels in seven wells is shown in figure 31. The largest
difference occurs near the north end of Mona Reservoir,
where the model-computed water level is about 8 ft
tower than the corresponding measured level at well
{D-11-1)9bbb-4. For the hydroiogic conditions esti-
mated for 1949, the model-computed ground-water
divide between the northern and southern parts of Juab
Valley is located approximately at Levan (fig. 31).

The amount of specified ground-water discharge
from pumped wells estimated in 1949 is about 490
acre-ft/yr {the sum of values presented for the northern
and scuthern parts of Juab Valley in table 4). This is
only about 2 percent of the 1963-93 average because
major ground-water develepment in the vailey had just
started in 1947. The amount of model-computed dis-
charge from flowing wells in 1949 15 about 330 acre-
ft/yr. This amount 1s much less than the 1963-93 aver-
ape because most of the wells that contribute to the
average had rot yet been construcied. The smali
amount of discharge to wells, along with specified
recharge 1n 1949 that is about 95 percent of the recharge
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estimated to occur under average conditions, results in
model-computed discharges for 1949 that are signifi-
cantly greater than average. Model-computed dis-
charge for the 1949 steady-state simulation is listed in
table 4. The model-computed discharge to reservoirs is
about 200 percent of average conditions. The sum of
model-computed discharge to Currant Creek upstrcam
and downstream from gaging station 10146400 is about
| 60 percent of average conditions. The model-com-
puted discharge by evapotranspiration is about 130 per-
cent of average conditions. The discharge specified and
computed by the model for 1949 is equal to specified
recharge from seepage trom unconsumed irrigation
water and distribution systems that is about 8(} percent
of average conditions and recharge from other sources
that is 95 percent of average conditions. This results in
the sicady-state conditions simulated in 1949,

Transient-State Calibration

The numerical model was calibrated to the tran-
sient-state conditions that existed in the ground-water
system of Juab Valley during 1949-94, The numerical
model simulates multi-year transient-state conditions
for 1949-92 and seasonal transient-staie conditions for
1992-94. Initial conditions for the 1949-92 multi-year
transicnt-state calibration are the results of the 1949
steady-state simulation.

Eight stress periods that vary from 2 to 8 years in
length were used to simulate 1949-92. A multi-year
approach was used because available data do not war-
rant yearly stress periods. Although water levels are
collected on an annual basis, many other components of
the model were estimated on the basis of limited data
and may be better represented as averages for multi-
year periods. The length of each stress period was
based on a visual inspection of the estimated annual
ground-water pumpage from wells in Juab Valley (fig.
32}. Ground-water pumpage trom wells is divided into
periods where the annual withdrawals appear to be sim-
ilar and can be adequately described by the average for
the period. Total ground-water discharge to pumped
wells simulated in each stress period equals the sum of
the annual pumpage during the period. Each stress
period 1s divided into time steps of 1-year duration.

The conditions that are specified for each of the
stress periods in the 1949-92 multi-year transient-state
simulation are listed in table 5. Scepage trom uncon-
sumed irrigation water and distribution systems, secp-
age from irrigation-season streamflow not included in
the unconsumed irrigation water and distribution-sys-

tems component, seepage from nonirrigation-season
streamflow, infiltration of precipitation, and discharge
to wells pumped for irrigation and public supply were
estimated for each stress period using the methods
explained in the “Boundary conditions and data
requirements’ section ot this report. The use of average
stresses applied to the ground-water system tor multi-
year periods during 1949-92 results in much simplifica-
tion of the conceptual model. Annual water-level
changes cannol be simulated with averape stresses but
long-term trends can be. A numerical miodel could
more accuraicly simulate the conceptual model if more
data were available, which would aliow use of shorter
stress periods, Calibration parameters were adjusted to
obtain a reasonable match between model-computed
and measured water-level changes and between model-
computed water levels and water levels at wells meca-
sured during March 1965 and March 1993,

Water levels computed by the model are formu-
lated at the center point of cach cell and represent the
average value for the cell area. To simplify comparison
of model-computed lo measured water levels, mea-
sured values are assumed to represent the entire cell
area. The comparison of model-computed to measured
water-level changes at selecied wells in Juab Valley tor
the 1949-92 multi-year transient-state simulation s
shown in figure 33. During the d44-year period of the
transient-state simulation, model-computed water-level
changes generally match the overall trend of measured
changes during the period but do not match yearly
changes. This is a result of model calibration using
stress periods that range from 2 to 8 years in length,
Hydrologic stresses do not change during a stress
period and arc averages for the length of the period.
Any variation from the average during individual years
or during periods shorter than a year cannot be repro-
duced.

Model-computed water levels reasonably
matched water levels measured from 1949 to 1967,
Model-computed water levels declined during 1970-77
in contrast to measured water levels which fAuctuated
but did not show an overall decline. The decline in
model-computed water levels was caused by increased
ground-water withdrawals from wells and less-than-
average precipitation that resulted in decreased
recharge from subsurtace inflow and seepage trom
ephemeral streams during this period. Model-computed
waler levels rose during 1978-86, which is generally in
agreement with measured water levels. The peak in
measured water levels occurred during 1984-85.
Model-computed water levels reached a similar peak in
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Figure 32. Estimated annual ground-water discharge {o pumped wells, length of stress periods, and average
annual pumpage for each stress period of the multi-year transient-state simulation, Juab Valley, Utah,

March 1987, lagging behind the measured peak by sev-
eral years. This is a result of recharge and discharge
compaonents being averaged throughout the 1983-86
stress period. Both model-computed and measured
water lcvels declined during 1987-92. [n the southern
part of Juab Valley, the model-computed water levels
did not rise as much as water levels measured during
the early 1980°s; however, the overall trend is repro-
duced. Recharge from subsurface inflow and seepage
trom ephemeral streams to the east side of Juab Valicy
is not a large component of recharge in the southern
part of the valley. It is this specified recharge compo-
nent that creates large water-ievel changes in the model
because during periods of greater-than-average precip-
itation, 4 coefficient is applied that increases the pro-
portion of recharge to precipitation.

The potentiometric surface determined from
maodel-computed water levels in layer 3 at the end of the
1964 time step and the difference between modef-com-

86

puted water levels and water tevels measured in March
1965 are shown in figure 34. The potentiometric sur-
face determined from model-computed water leveis in
layer 3 at the end of the 1992 time step and the differ-
ence between modei-computed water leveis and water
levels measured in March 1993 are shown in figure 35.
In general, model-computed water levels are within 10
ft of measured water levels, The mean of the differ-
ences between model-computed and measured water
levels is the hias in the distribution of positive and neg-
ative values. The mean of the absolute differences is
considered the mean error. The mean of the differences
and the mean of the absolute differences for 88 wells
measured in March 1965 are 0.4 and 8.9 ft, respec-
tively. For 100 wells measured in March 1993, they are
I.4 and 9.0 ft, respectively.

The largest difference between model-computed
water levels and water levels measured in March 1965



occurs east of Mona Reservoir, where the model-com-
puted water level is about 42 ft higher than the corre-
sponding measured level at well {D-11-1)21bbb-1. The
largest difference between model-computed water lev-
els and water levels measured in March 1993 occurs
just north of the topographic divide that separates the
northern and southern parts of Juab Valley, where the
model-computed water level is about 47 {t lower than
the corresponding measured level at well (D-14-
136dbb-1. This is the only well with water-level data
available near the topographic divide, and little other
data is available for the area. The model-computed
ground-water divide between the northern and southern
parts of Juab Vailey controlled by the hydrologic con-
ditiens in 1965 and 1993 moves progressively farther
north from the model-computed divide controlled by
the hydrologic conditions in 1949 (figs. 31, 34, and 33}.
This means that ground-water discharge to wells in the
southern part of the valley has caused water that previ-
ously lowed to the northern par to flow to the southern
part.

Model-computed discharge and changes in stor-
age are listed in tables 4, 5, and 6. Initially, model-com-
puted discharpe was adjusted to match the general
proportions of discharge under average conditions
{table 2) and was then varied until a recasonable match
was obtained between model-computed and measured
water levels near the discharge areas during specific
stress periods. Total model-computed discharge ranged
from 32,200 acre-ft/yr during the 1970-77 stress period
to 53,400 acre-ftfyr during the | 983-86 stress period
(the sum of values presented for the northern and south-
ern parts of Juab Valley in table 5).

The general location where the ditference
between model-computed water levels tor model tayers
1 and 4 is zero for 1949 and 1992 is shown in Agure 36.
The area interior to the line s where the model-com-
puted water levels for model tayer 4 are greater than for
model layer 1, indicating the dircction of flow Iy
upward. Generally, this area can be thought of as the
ground-water discharge area for Juab Valley. The
model-computed ground-water discharge area
decreased in size during the 1949-92 transient period,

The numerical model alse was catibrated to sim-
ulate scasonal stress conditions for 1992-94. The sca-
sonal transient-state simulation begins in January 1992.
The ending water levels for the 1992 time step of the
1949-92 transient-state model, which actually represent
March 1992 water levels, are considered adequate as
the initial water levels for the seasonal simulation. The
resuits of the model for the first several stress periods

have limited value because these stress periods repre-
sent the change from initial conditions computed using
hydrologic stresses that were averaged for multi-year
periads to conditions using seasonal hydrolopic
stresses. The scasonal transient-state simutation was
divided into nine stress periods, each of 3-months dura-
tion. Each stress period 1s divided into monthly time
steps. Three-month-tong stress periods allow for the
simulation of the most significant seasonal changes,
which are the use of streamfiow for irrigation in the
spring and ground-water pumpage from wells for irri-
gation 1n the summer, In general, recharge and dis-
charge data tor the scasonal transient-state simulation
are not directly measured but are converted from
annual data. Use of a shorter stress period would
require data that arc more detailed than are currently
available. Without these more detailed data, a shorter
stress period would not improve the calibration of the
seascnal simulation. The annual rate of recharge from
subsurface inflow and seepage from ephemeral streams
to the east and west sides of the valley, and discharge to
subsurface outflow, is adjusted for 1992 and 1993 as
explained in the “Calibration parameters”™ section of
this report.

The conditions that are specified for cach of the
stress periods in the 1992-94 trangient-state simulation
are listed in table 6. Ground-water recharge from seep-
age from unconsumed irrigation water and distribution
systems, scepage from irrigation-season streamflow not
included in the unconsumed irrigation water and distri-
bution-systems compenent, seepage from nonirriga-
tion-season streamflow, infiltration of precipitation, and
ground-water discharge to wells pumped for irrigation
and public supply were estimated for each stress period
using the methods cxplained in the “Boundary condi-
tipns and data requirements” section of this report.

The comparison of modet-computed to measured
water-level changes at selected wells in Juab Valiey for
the 1992-94 seasonal transient-state simulation are
shown in figure 37. The timing and trend of model-
computed water levels generaily follow the timing and
trend of measured water levels during 1993-94,
Ground-water discharge to wells is the major cause of
scasonal water-level changes, These water-level
changes are measured at a well, and in most cascs, the
magnitude of the changes cannot be accurately simu-
fated with the scale of discretization, both spatial and
temporal, used in this model. Model-computed water-
fevel changes are typically smaller than measured
water-level changes because the etfects of discharge at
a singie well are averaged across an entire model cell.
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The exception is near Levan at well (C-15-1)12aba-1,
where model-computed water-level changes are greater
than measured changes. This may be caused by hori-
zontal hydrauiic-conductivity values assigned to model
nodes in the vicinity of this well that are toe low.
Ground-water discharge to wells is reported as an
annual total, and the assumption that all withdrawals
occur during the July through September stress period
may not be completely accurate at all wells. The timing
of model-computcd water-level declines in the south-
crn part of Juab Valley lags behind the measured water-
tevel declines by about 2 months, and the timing
between model-computed and measured water-level
changes in the northern part of the valley generally cor-
respond. The measured water levels indicate that
ground-water pumpage from wells may begin earlier in
the southern part of Juab Vailey. The timing of ground-
water discharge to wells in the seasonal transient-state
simulation was not varied independently for the north-
ern and southern parts of Juab Valley.

Modeil-computed and measured waters levels in
March 1993, September 1993, and March 1994 were
compared to determine the mean of the differences and
the mean of the absolute differences. For 100 wells
measured in March 1993, they are 2.0 and 8.7 ft,
respectively, For 105 wells measured in September
1993, they are (t and 9.3 11, respectively. For 38 wells
measured in March 1994, they are -2.1 and 9.6 ft,
respectively.

The largest differences between model-com-
puted water levels and water ievels measured in March
1993, September 1993, and March 1994 occur near the
topographic divide that separates the northern and
southern parts of Juab Valley, The model-computed
water level 1s about 46 ft fower than the corresponding
measured level at well {D-14-1Y6dbb-1 for all three
COMparisons.

As mentioned with respect to the multi-year tran-
sient-state simulation, discharge amounts for specific
stress periods 1n the seasonal transient-state simulation
are not known. The seasonal transient-state simulation
therctfore eould not be calibrated to match discharge to
springs or evapotranspiration. The conceptual maodel
could be more accurately simulated if more data on the
hydroiogic stresses were available.

Model Sensitivity

The sensitivity of model-computed water levels
and fiow to changes in hydrologic properties was qual-

itatively observed during model calibration. Once the
numerical model was calibrated, selected boundary
conditions and hydrologic stresses were changed, and
the resulting changes in watet level and low computed
by the model were observed.

Water levels throughout the medeled area and in
all layers are sensitive to the specific yield specified for
layer 1. Model-computed water levels are not sensitive
to changes in specific storage and storage coefficient.
An increase in specific yield causes a decline in maodei-
compuicd water levels. Specitically, water levels in
model layer I and the stability of the numerical model
are sensitive to specitic yield and horizontal hydraulic
conductivity in areas where jarge ground-water with-
drawals from wells are simulated. This is especiaily
true in the seasonal transient-state simulation, where all
ground-water withdrawals from wells are simulated in
the July through September stress period. A decrease in
specific yield in areas with large withdrawals of water
can cause maodel-computed water levels in layer 1 to
decline below the bottom of the layer.

Discharge to Mona and Chicken Creek Reser-
voirs is sensitive to both horizontal and vertical hydrau-
lic conductivity at and near the reservoirs. A decrease
in horizontal and vertical conductivity near the reser-
voirs causes a decrease in model-computed discharge
to the reservoirs and a rise in model-computed water
levels near the reservoirs. This also causes an increase
in modei-computed discharge to lowing wells, springs,
seeps, and evapotranspiration. Model-computed dis-
charge by evapotranspiration is not sensitive 1o an
increase in extinction depth. In general, an incrcase in
extinction depth causes a small decrease in model-com-
puted discharge to springs and seeps and a small
increase in model-computed discharge by evapotrans-
piration. This is not surprising because evapotranspira-
tion is simulated in arcas where springs and seeps
occur. Model-computed discharge to Currant Creek
upstream and downstreamn from gaging station
10146400 is sensitive to a decrease in the correspond-
ing strcambed conductance values. A decrease in these
conductances causes an increase in model-computed
discharge to Mona Reservoir,

Model-computed water ievels in fayer | are not
sensitive to a decrease in the aititude of the hottom of
the layer. Model-computed water levels for layer T arc
controlled mainly by the aititude and the amount of
water moving toward the model boundaries where dis-
charge occurs and not by the thickness of model layer
|. Water levels throughout the modeled area and in ali
layers are sensitive to changes in the transmissivity of
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layer 4. The thickness of unconsolidated basin-fill
deposits in the valley and hydraulic conductivity of the
deposits ut greater depths, parameters that control the
transmissivity of layer 4, are not well defined. An
increase in the transmissivity causes a decline in
model-computed water levels, and a decrease in trans-
missivily has the opposite effect.

Water levels throughout the modeled area and in
all layers are sensitive 1o recharge from subsurface
inflow. The amount of recharge trom subsurface inflow
and seepage tron ephemeral streams is not known with
arcasonable degree of certainty. It is increased nonpro-
portionally during periods of greater-than-average pre-
cipitation in order to better approximate the magnitude
of water-fevel changes in certain areas of the valley. A
proportional relation between precipitation and this
recharge component for the 1983-86 stress period
results in a decrease in recharge ot about 40 percent
from the nonproportional amount and a water-level
decline of ahout 2 to 5 fi in the Nephi area. About one-
third of the change in recharge is incorporated in a
decrease in modet-computed discharge, and the
remainder is accounted for in a decrease in storage.

Mode! Limitations

This numerical model represents a simplification
of the ground-water system in Juab Valley and is based
on estimates of recharge, discharge, and hydrologic
properties made from available data. The choice of spe-
ctlic boundaries to simulate recharge and discharge, the
methods used to discretize time and to vertically dis-
cretize the simulated unconsolidated basin-fill deposits,
and the specified objectives of the simulations affecr the
solutions obtained from the numerical model. Use of
the numerical model to explore objectives other than
the ones listed in the simulation introduction and
stresses outside of the runge of conditions used in the
stcady-state and transient-state simulations should be
considered unreliable.

Data are not avatlable to estimate individual
components of discharge, such as to springs; therefore,
the numerical model could enly be calibrated to match
water levels in discharge areas. The accuracy of model-
computed flow for individual components of discharge
is not known. Use of the model to estimate variability
of individual discharge components as they are related
1o recharge should be done with caution.

In the topographically lowest areas of JTuab Val-
ley, a tew model-computed water levels for layer 1,
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which represents uncontined conditions, are above the
estimated altitude of land surface. This reflects errors
associated with model-computed water levels. During
the steady-state simulation, most of these water levels
were less than 10 ttabove land surface. During periods
of increased recharge, the number of cells where water
levels were computed above land surface increased.
This is a limitation of the todel in the lowest areas of
Juab Valley. The vertieal head difference in arcas
around Mona Reservoir could not be accurately simu-
lated because of complex hydraulic gradients. Water
levels in these areas could not be matched without caus-
ing some model-computed water levels to be above
land surface.

The seasonal transient-state simulation assumes
that all annual ground-water pumpage tfrom wells
occurs during one 3-month jong stress period. This
causes the numerical model e be sensitive to the
ameunts and location of simulated ground-water pump-
age from model layer 1. An increase in pumpage from
this layer may cause model-computed water levels near
the simulated withdrawals to oscillate and prevent the
numerical model from converging to a solution. Aver-
aging pumpage across several model cells may prevent
this from oeeurring.

The stress-period lengih used in the transient
simulations affected mode! calibration. Model-com-
puted water levels were calculated from stresses aver-
aged over multi-year periods. The model-computed
water levels were compared to water levels, which were
measured on a yearly basis and are dependent on annual
stresses. A measured water level is a single meastire-
ment at a given point in time and does not represent an
annual average. Generally, the trend and the magnitude
of measured changes are simulated by the model.

Recharge from subsurface inflow and secpage
from ephemeral streams and discharge by subsurtace
outflow used in the transient simulations have a larger
degree of uncertainty than do other forms of recharge or
discharge that are specitied in the model. These stresses
were modified during model calibration to better
approximate the magnitude of measured water-level
change in the valley. Therefore, recharge from subsur-
face inflow and seepage from ephemeral streams and
discharge by subsurface outflow, in addition to other
calibration parameters, compensate for errors in the
amount of other sources of recharge applied and the
amount of discharge computed by the numecerical model.
Model resutts should be evaluated with care if future
management scenarios include periads of greater-than-
average preeipitation, It is eonceivabie that more water



can be specified as recharge from subsurface inflow and
seepage from ephemeral streams than is physically
available from precipitation if the ratio between precip-
itation during the period and the long-term average is
large enough.

The use of injection wells to simulate recharge
from subsurface inflow and scepage from ephemeral
streams and pumping wells to simulate discharge by
subsurface outflow may exaggerate the effects of
hydrofogic stresses on model-computed water ievels
near the edges of the modeled arca. The amount of
these recharge and discharge components is specified
and is, therefore, independent of any ehanges in the
hydraulic gradicnt across the boundary between the
consolidated rock and unconsolidated basin-fill depos-
s, If additional ground-water discharge to wells is sim-
ulated near the edges of the modeled area, recharge
from subsurface inflow does not increase and discharge
by subsurface outflow does not decrease to compensate
for the withdrawals. If recharge from subsurface inflow
and discharge by subsurface outflow is dependent on
water levels in the unconsolidated basin-fill deposits,
then computed water-level declines near the edges of
the modeled area may be larger than actual declines.
The simulation of increased pumpage in Juab Valiey
would likely show slightly exaggerated drawdowns in
the systemn because of the use of specified-flux bound-
ary conditions.

Model-computed water levels declined during
the 1970-77 stress period, a period of increased ground-
water pumpage from wells and overall less-than-aver-
age precipitation. Water levels measured during this
period fluctuate but do not show an overall decline.
This may be caused by subsurface inflow from consol-
idated rocks and subsurface outflow to consolidated
rocks that is dependent on water levels in the unconsol-
idated basin-fill deposits rather than on a specified
amount based on precipitation.

The absolute value of a model-computed water
level is affected by the assumnptions and simplifications
of the model, so the model should be used to compare
relative values rather than to determine absolute values.
For example, the model could be used to estimate the
rates of pumping in a well field that would result in a
20-ft decline in the water level of adjacent wells if the
water levels were not affected by a specified-flux
boundary condition. The model should not be used to
estimate the rates of pumping in a well field that would
drop the water level in adjacent weils betow an altitude
of 5,200 ft. When comparing two model-computed sce-
narios not affected by a specified-flux boundary condi-

tion, however, the relative difference in value between
the scenarios is valid because both scenarios are
affected by the same assumptions and simpiifications.
Therefore, absolute water-level altitudes cannot be pre-
dicted but changes in both water-ievel and water-bud-
get components can be,

Because the thickness of the saturated unconsol-
idated basin-fill deposits in Juab Valley is not known,
the thickness of model layers was in part based on the
depth at which average ground-water pumpage from
welis occurs. Changes in the estimation of model-layer
thickness atfects transmissivity, vertical-conduetance,
and storage-cocfficient values, if the basin-fill deposits
arc assumed to be homogeneous with increasing depth.

The set of hydrologic properiies, stresses, and
boundary conditions used in the numerical model is
only one possible combination of parameters that could
result in model-computed water levels that are similar
to measured cnes. Simplifications and assumptions
made to the conceptual modetl of the ground-water sys-
tem because of a tack of data affect the refiability of the
numerical medel. Additionatl data on recharge and dis-
charge components are needed to improve this ground-
water flow model. Despite the limitations described in
this section, the ground-water low model ean be used
to better understand the ground-water system in Juab
Valley. It is a nseful tool to estimate the effects of
changes in ground-water pumpage from wells and
recharge on water levels and natural discharge.

NEED FOR FUTURE STUDY

More detailed information is needed 1o refine
recharge and discharge estimates used in the ground-
water flow model and to better define the aquifer geom-
ctry in Juab Valley. Additional secpage studies on
ephemeral and perennial streams in the area are necded
to better quantify recharge to the ground-water system
during spring runoff and the nonirrigation season. Con-
tinuous-recording gaging stations are needed on Salt
Creek and a representative stream draining the Wasatch
Range to provide long-term streamflow record. More
streamflow data coupled with pumpage information
already being eollected would help to estimate the
amount of recharge that cceurs from trrigation.

Seepage runs and discharge measurements also
are needed to better quantify ground-water discharge to
streams, springs, and seeps. Annual discharge measure-
ments may indicate the relation between discharge to
streams, springs, and seeps, and annual precipitation
and recharge. Discharge from selected springs could be
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monitored for an entire year in order to determine any
seasonal fuctuations and to better estimate the total
annual discharge from the ground-water system, Con-
tinuous-recording gaging stations just below Mona and
Chicken Creek Reservoirs also would provide data
needed to refine estimates of discharge to springs. Mea-
surcment of evapotranspiration rates for phreatophytes
in Juab Valley is needed to better estimate the quantity
of discharge by evapotranspiration.

A refined estimate of the ground-water recharge
and discharge components listed previously would
result in a ground-water budget residual that better rep-
resents recharge from subsurface inflow. The integra-
tion of this additional data with long-term precipitation,
streamflow, and pumping-well discharge data could
allow the use of shorter stress periods in the numerical
model that would better represent the ground-water
system in Juab Vailey.

SUMMARY

Plans to import water to Juab Valley, Utah, pri-
marily for irrigation, are part of the Central Utah
Project. A better understanding of the hydrotogy of
Juab Valley is needed to help manage the water
resources and to develop conjunctive-use plans. The
hydroiogy of the valley was studied by the U.S. Geo-
logicai Survey in cooperation with the Central Utah
Water Conservancy District and the East Juab Water
Conservancy District from 1992 through 1994,

Average annual streamflow for Salt Creek near
Nephi (1952-80) and Chicken Creek ncar Levan (1963-
93) is about 19,600 and about 5,800 acre-feet, respec-
tively. The saturated unconsolidated basin-fill deposits
form the ground-water system in Juab Valley. Recharge
to the unconsolidated basin-filt deposits in the valley is
by secpage from streams, unconsumed irrigation water,
and distribution systems; infiltration of precipitation;
and subsurface inflow from consolidated rocks that sur-
round the valley. Discharge is by wells, springs, seeps,
evapotranspiration, and subsurface outflow to consoli-
dated rocks. Recharge and discharge amounts vary
annually, but were estimated to be about 42,000-46,000
acre-feet per year in the northern part and about 12 (00
acre-feet per year in the southern part of Juab Valley,
under average conditions. Ground-water pumpage in
areas near and in Nephi and Levan has altered the direc-
tion of ground-water flow from that of pre-ground-
water development time. The averape annual ground-
water discharge to wells in Juab Vailey during 1963-93
is about 23,000 acre-teet per year.

a4

Values of transmissivity and storage coefficient
for unconsolidated basin-fil deposits were estimated
from aquifer tests incorporating muitiple wells at a site
in Nephi (about 242,000 tt?/d and 8 x 107, respec-
tively} and a site southwest of Levan (about 4,000 fe%/d
and from about § x 107 to 5 x 10°%, respectively).
Greater-than-average precipitation during 1980-87 cor-
responds with a rise in water levels measured in most
wells in the valley and the highest water level measured
in somc wells. Less-than-average precipitation during
1988-91 corresponds with & decline in water levels
measured during 1988-93 in most wells.

Dissolved-solids concentrations in ground water
from Juab Valley sampled during 1992-93 ranged from
261 to 3,980 milligrams per liter. The increase in the
sulfur-34 to sulfur-32 ratio in most of the water sampled
along a hypothesized flow path in the southern part of
the valley indicates the dissoltution of gypsum derived
from the Arapien Shale. Geochemical analyses indicate
that the sources of dissolved ions in water sampled
from the southern part of the valley are primarily the
Arapien Shale, evaporite deposits, and possibly resid-
ual sea water that has undergone evaporation in uncon-
solidated basin-fill deposits in selected areas.

A numerical model of the ground-water system
in the unconsolidated basin-fill deposits of Juab Valley
was constructed using the U.S. Geological Survey
modular, three-dimensional, finite-difference, ground-
water flow model. The objective of the simulations was
to test and refine the conceptual low model and to pro-
vide a tool that can be used to estimate the effects of
changes in ground-water discharge to pumped wells
and ground-water recharge on ground-water levels, and
in a qualitative sense, natural ground-water discharge.
Horizontal hydraulic-conductivity values used in the
mode! and determined during model calibration ranged
from 1 to 125 ft/d, and venical hydraulic-conductivity
values ranged from 0.1 to 1 ft/d. Drain-conductance
values ranged from 1.5 x 10° to 6 x 10° ft?/d. Specific
yield varied from 0.05 to (1.3 and generally :s based on
the horizontal hydraulic conductivity assigned to the
mode! node, The storage coefticient of all active model
nodes in layer 4 is 4.3 x 107,

The numerical model was calibrated to the
steady-state conditions that existed in the ground-water
system in Juab Valley during 1949, multi-year tran-
sient-state conditions for 1949-92, and seasonal tran-
sient-state conditions for 1992-94, Steady-state
conditions include estimated annual recharge for 1949
and measured water levels at seven wells during March
and April 1950. The largest difference between model-



computed and measured water levels occurs near the
north end of Mona Reservoir, where the model-com-
puted fevel is about 10 feet lower than the correspond-
ing measured water level. For the multi-year transient-
state simulation, calibration parameters were adjusted
10 obtain a reasonable match between model-computed
and measured water-fevel changes and between modet-
computed water feveis and water levels at wells mea-
sured during March 1965 and March 1993, Parameters
important to the calibration process include horizontal
hydraulic conductivity, transmissivity, and the spatial
distribution and amount of recharge from subsurface
inflow and scepage front ephemeral streams to the east
side of Juab Valley.

Model-computed water-level changes are sensi-
tive o specific yield. Model-computed discharge to
Mona and Chicken Creck Reservotrs is sensitive to
both horizontat and vertical hydraulic conductivity at
and near the reservoirs, Water levels throughout the
modeled area and in all laycrs are sensitive to changes
in the transmissivity of layer 4 and recharge from sub-
surface inflow. This numerical model represents a stm-
plification of the ground-water system in Juab Vailey
and is based on estimates of recharge, discharge, and
hydrologic properties made from the available data.
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