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ABSTRACT

Juab Valley is a north-south-trending basin in the eastern Basin 
and Range Province. Juab Valley is bounded on the east by the 
Wasatch normal fault and the Wasatch Range and San Pitch 
Mountains, bounded on the west by Long Ridge and the West 
Hills. Juab Valley is at the southern end of Utah’s Wasatch 
Front, an area of projected rapid population growth and in-
creased groundwater use. East-west-trending surface-water, 
groundwater, and water-rights boundaries approximately co-
incide along the valley’s geographic midline at Levan Ridge, 
an east-west trending watershed divide that separates the north 
and south parts of Juab Valley. The basin includes, from north 
to south, the towns of Mona, Nephi, and Levan, which support 
local agricultural and light-industrial businesses. Groundwa-
ter use is essential to Juab Valley’s economy.

The Juab Valley study area consists of surficial unconsolidat-
ed basin-fill deposits at lower elevations and various bedrock 
units surrounding and underlying the basin-fill deposits. Qua-
ternary-Tertiary basin-fill deposits form Juab Valley’s primary 
aquifer. Tertiary volcanic rocks underlie some of the basin-
fill deposits and form the central part of Long Ridge on the 
northwest side of the valley. Paleozoic carbonate rocks that 
crop out in the Mount Nebo area of the Wasatch Range, which 
receives the greatest average annual precipitation in the study 
area, likely accommodate infiltration of snowmelt and subsur-
face groundwater flow to the basin-fill aquifer. The Jurassic 
Arapien Formation also crops out in the Wasatch Range and 
San Pitch Mountains, and dissolution of gypsum and halite 
in the formation and sediments derived from it increases the 
sulfate, sodium, and total-dissolved-solids concentrations of 
surface water and groundwater. We grouped the stratigraphy 
of the Juab Valley study area into 19 hydrostratigraphic units 
based on known and interpreted hydraulic properties.

Streamflow and groundwater recharge to the Juab Valley is 
derived from the annual snowpack in the eastern-bounding 
mountains. Stream gage data from the U.S. Geological Survey 
indicate that flow of Salt Creek and Currant Creek declined 
from the early 1990s to 2015. Recharge to the valley’s basin-
fill aquifer occurs mainly along the eastern mountain front, 
by infiltration of streamflow on the alluvial-fan heads and by 
underflow from bedrock across the Wasatch normal-fault sys-
tem into the aquifer. Previous work by the U.S. Geological 
Survey identified two major groundwater-flow paths: in the 
northern part of the valley, from a recharge zone along the 
eastern mountain front between Salt Creek and North Creek, 
flowing to the west and northwest to a major discharge zone in 

the valley bottom that includes the spring-fed Burriston Ponds 
and Mona Reservoir; and in the southern part of the valley, 
from the Pigeon Creek and Chicken Creek alluvial fans near 
Levan, southwest to a major groundwater-discharge area at 
and northeast of Chicken Creek Reservoir.

Seven profiles constructed from driller’s logs for water wells 
illustrate spatial and depth variations in the lithology of the 
upper ~400 ft of the basin fill.  At the Mona Reservoir–Burris-
ton Ponds discharge area, basin-fill deposits transition abrupt-
ly from predominantly coarse- and mixed-grain-size deposits 
in the southeast and east to predominantly fine-grained de-
posits below the discharge area. The reduced transmissiv-
ity likely forces groundwater toward the surface. A similar 
transition in grain size occurs east of Mona Reservoir. At the 
Chicken Creek Reservoir discharge area, basin-fill deposits 
transition abruptly from predominantly coarse- and mixed-
grain-size deposits in the northeast and east to predominantly 
fine-grained deposits below the discharge area. Basin-scale 
groundwater flow likely occurs mainly between 100- and 300-
ft depth, because the basin-fill deposits in that depth range are 
overall coarser than those in the upper 100 ft.

Transmissivity of the basin-fill aquifer estimated from se-
lected well tests reported on drillers’ logs ranges from 14 to 
116,110 ft2/day, and the median value is 1580 ft2/day. Trans-
missivity is typically greater in the proximal parts of the al-
luvial fans that emanate from the ranges bounding the eastern 
valley margin.

Historical and newly acquired gravity data were used to con-
struct an isopach map of basin-fill thickness. A previously 
published seismic-reflection line that trends east-west through 
Nephi shows a prominent reflection in the basin fill that is in-
terpreted here to represent the unconformity between the syn-
tectonic basin-fill sediments that form the principal aquifer 
above (upper basin fill), and the less transmissive Tertiary vol-
canic and/or sedimentary rocks (lower basin fill) below. The 
isopach map gives an estimate of the thickness of these upper 
basin-fill deposits. Basin-fill thickness ranges from 2000 to 
3250 ft below the valley center from the latitude of Mona to 
Levan. An east-west-trending concealed bedrock high exists 
below the southern part of Mona Reservoir, and basin fill is as 
much as 2000 ft thick below the northern part of the reservoir.

The Utah Geological Survey (UGS) performed a valley-wide 
groundwater-level campaign during March and April 2015.  
Groundwater-level contours indicate flow to the north-north-
east north of the groundwater divide near Levan Ridge, and 
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flow to the southwest south of the divide. Most contours are 
horseshoe-shaped, trending parallel to valley margins and 
approximately perpendicular to the valley-floor axis. Com-
plicated contour patterns exist below areas of intensive ag-
ricultural pumping and interspersed residential development. 
Two viable interpretations exist for the position of the Levan 
Ridge groundwater divide. The preferred interpretation places 
the divide as much as 4 miles north of its interpreted location 
based on 1965 groundwater levels, and north of the adminis-
trative and surface-water boundary.

Samples collected in 2015 and 2017 characterize the major-
solute composition of groundwater in Juab Valley and sur-
face water in the ranges that bound the valley on the east.  
Groundwater and surface water are predominantly Mg-HCO3 
type and mixed Mg-Ca-HCO3-SO4 type, with distinct trends 
toward increasing Na, Cl, and SO4. Five statistically distinct 
major-solute composition types reflect differences in water 
chemistry by geographic area and due to differing amounts 
of chemical interaction with Paleozoic carbonates, sediment, 
and the evaporite-rich Arapien Formation. Groundwater in the 
Levan area is more sulfate-rich than in the rest of the valley.  

The stable isotopes of hydrogen and oxygen (2H and 18O, re-
spectively) generally become more depleted from east to west, 
reflecting progressively lower temperatures at the time of re-
charge. Due to relatively smaller amounts of precipitation, 
low hydraulic conductivity, and a low hydraulic gradient, little 
recharge occurs from the mountains bounding the valley on 
the west. Also, based on existing regional isotope studies, the 
recharge in the west has more enriched stable-isotope compo-
sition in contrast to the observed overall trend. Based on that 
information, the east-to-west variation probably reflects in-
creasing age of groundwater that was recharged under overall 
cooler ambient temperatures. The stable-isotope composition 
of groundwater at Burriston Ponds and an adjacent well is more 
similar to streams in the Wasatch Range than to groundwater 
samples from the northern and southern parts of the valley. This 
may indicate a zone of comparatively high groundwater flow 
rate supplying the springs that form Burriston Ponds.

We collected samples of the radiogenic isotopes 3H (tritium) 
and 14C to evaluate groundwater ages and travel times along 
flow paths. Tritium values decrease along the groundwater 
flow path from the Salt Creek alluvial-fan recharge area to 
the Burriston Ponds–Mona Reservoir discharge area, reflect-
ing progressively older groundwater; a major exception is at 
a well just east of Burriston Ponds which shows the highest 
tritium value of the 14 samples. This result may reflect the 
highly transmissive flow path from the Wasatch Range front 
to Burriston Ponds springs indicated by the stable-isotope 
data, or local recharge of irrigation water. Tritium values in 
the Levan Ridge area are low and reflect recharge ages of >60 
years. Tritium values decrease along the groundwater flow 
path from the Pigeon Creek–Chicken Creek alluvial-fan re-
charge area to the Chicken Creek Reservoir discharge area, 
reflecting progressively older groundwater.

Carbon-14 model ages could be calculated for 6 of the 13 
samples and range from about 1200 to 15,000 years. The re-
maining samples contained some 14C generated during above-
ground nuclear weapon testing, and their ages could only be 
constrained as <1000 years. The oldest samples occur in the 
western part of the valley, consistent with the hypothesis that 
little if any groundwater recharge occurs along the western 
valley margin. Model ages along the groundwater flow path 
from Pigeon Creek–Chicken Creek to Chicken Creek Reser-
voir increase progressively with increasing distance from the 
mountain front, although the model age of the southwestern 
sample is substantially greater than the other samples, sug-
gesting input of deeper, older groundwater.

The Juab Valley groundwater budget is in deficit on average 
of about 7080 ac-ft/yr. The loss in discharge and decrease 
in storage is driven by increased groundwater pumping and 
decreasing precipitation over time. Relatively wet water 
years can temporarily increase storage but will likely not 
cause a complete water level recovery to levels observed 
prior to the 1990s. Despite groundwater discharge to Mona 
reservoir, it has been completely emptied at least twice in 
the past decade, and if current conditions persist, this will 
likely happen again.

 INTRODUCTION

This report summarizes the findings of a hydrogeologic 
study of Juab Valley in eastern Juab County, Utah, conduct-
ed in 2015–20 by the Utah Geological Survey (UGS). The 
principal work included a valley-wide campaign to (1) mea-
sure groundwater levels and sample for groundwater chem-
istry and isotope composition, (2) delineate basin-fill lithol-
ogy using well driller’s logs, (3) estimate basin-fill thickness 
and structure using gravity and well data, and (4) conduct 
a three-year study to calculate water budget components of 
the valley with emphasis on the northern part of the valley 
including Mona Reservoir. Hugh Hurlow (UGS) and Brit-
tany Dame (former UGS) performed the initial work of the 
study, including the groundwater-level campaign, chemical 
sampling, and well-log interpretation. Christian Hardwick 
(UGS Energy and Minerals Program) and assistants col-
lected and processed new gravity and electromagnetic data. 
Paul Inkenbrandt and Trevor Schossnagle, with assistance 
from J. Lucy Jordan, Will Hurlbut, and Emily McDermott 
(all UGS) measured streamflow and collected stable isotope 
samples. Stan Smith (former UGS) interpreted the stable and 
radiogenic isotope data.

Study Area

Juab Valley (figure 1) is at the southern end of Utah’s Wasatch 
Front, an area of strong economic activity and rapid projected 
population growth. Compared to the central Wasatch Front, 
Juab Valley is predominantly rural and sparsely populated 



3Hydrogeology, groundwater chemistry, and water budget of Juab Valley, eastern Juab County, Utah

Figure 1. Geographic and hydrologic setting of Juab Valley, Juab County, Utah. Inset: Average annual precipitation from 1980 to 2010 
(PRISM Climate Group, 2012).      
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(about 10,873 people in 2020 [U.S. Census, 2020]). The 
economy is based primarily on agriculture and light industry 
including manufacturing and mining. The population 
is projected to increase to about 23,400 by 2050 (Utah 
Foundation, 2014a), and water use, mostly derived from 
groundwater, is expected to increase during the next 30 years 
along with that of the rest of Utah (Utah Foundation, 2014b).  

Hydrology

The study area is set in the Great Basin hydrologic area and 
covers 488 square miles. The southern half of the area, cover-
ing 183 square miles, drains to Chicken Creek, a tributary of 
the Sevier River drainage, and the northern half of the area, 
covering 304 square miles, drains to Currant Creek, which ter-
minates into the southern end of Utah Lake. The valley part of 
the study area covers about 169 square miles. 

Annual monitoring by the U.S. Geological Survey (USGS) of 
30 wells in Juab Valley demonstrates that groundwater levels 
have declined steadily in many locations for nearly 30 years 
(Smith and others, 2019). Recharge to groundwater and the 
source of streams that enter Juab Valley are predominantly 
in the geologically complex Wasatch Range and San Pitch 
Mountains that border the valley on the east. The recharge 
water quality is adversely affected by salt- and gypsum-rich 
layers of the Jurassic Arapien Formation (Sprinkel and others, 
2011), which crops out in the southern Wasatch Range and the 
western San Pitch Mountains. The basin-fill deposits below 
the valley floor also include sediment derived from the forma-
tion, which affects groundwater quality as well.

Objectives

The lack of current information created a need for an updated 
evaluation of the groundwater and surface-water resources and 
water budget of Juab Valley. Bjorklund (1967) summarized 
the hydrogeologic conditions and water budget of the north-
ern part of Juab Valley. A comprehensive study of groundwater 
conditions and a valley-wide water budget of the study area 
has not been conducted since the early 1990s (Thiros and oth-
ers, 1996). The primary objectives of the UGS hydrogeologic 
study were to evaluate the hydrogeologic setting in greater 
detail than previous studies, update groundwater levels and 
chemistry throughout the valley, and evaluate changes in 
groundwater levels, hydrologic budgets, and chemistry since 
1993, the time of data collection reported by Steiger (1995) 
and Thiros and others (1996).

This report includes:

1.	 Summaries of the hydrogeologic setting and hydrostratig-
raphy of Juab Valley, including evaluation of lithologic 
variations in the upper 400 ft of the basin fill based on 
analysis of water-well drillers’ logs, and of the large-scale 
basin structure based on previously existing and newly 
collected gravity data.

2.	 Results of a valley-wide water-level survey conducted in 
spring 2015 (157 water levels measured by the UGS and 
16 water levels measured by the USGS). 

3.	 An evaluation of the position of a groundwater divide near 
Levan Ridge in the central part of the valley.

4.	 Results of valley-wide chemical sampling of groundwa-
ter, including major solutes (i.e., Na, K, Ca, Mg, HCO3, 
CO3, Cl, and SO4) (71 sites, including 5 springs), stable-
isotope (82 sites) and radiogenic-isotope (17 tritium, 13 
carbon-14) composition, and sampling of streams for ma-
jor-solute chemistry and stable-isotope compositions (12 
sites each).  

5.	 Hydrologic budget for the Mona Reservoir system. 

6.	 Hydrologic budget for the entire valley, with an emphasis on 
the groundwater system and the northern end of the valley.

HYDROGEOLOGIC SETTING

Geography, Climate, and Surface Water

Juab Valley is in eastern Juab County, central Utah (figure 
1). The valley trends north-northeast, and its dimensions are 
about 35 miles northeast-southwest and 7 miles east-west.  
The valley is bounded on the northeast by the Wasatch Range 
including Mount Nebo (elevation 11,928 ft) and associated 
highlands; on the east and southeast by the San Pitch Moun-
tains (peak elevations range from about 8300 to 10,000 ft); 
on the southwest by the West Hills (peak elevations range 
from about 5400 to 6350 ft), and on the west, northwest, 
and north by Long Ridge (peak elevations range from about 
5450 to 7050 ft). Elevations in Juab Valley range from 4867 
ft near the Mona Lake outflow to about 5400 ft in the foot-
hills of the mountains. Juab Valley and the bounding ranges 
to the west are in the Basin and Range physiographic prov-
ince, whereas the Wasatch Range is in the Middle Rocky 
Mountains physiographic province and the San Pitch Moun-
tains are in the Basin and Range–Colorado Plateau Transi-
tion physiographic province.

The central part of Juab Valley includes a water-rights admin-
istrative boundary that trends roughly northwest-southeast 
(figure 1). The boundary follows a surface-drainage divide 
on Levan Ridge, a large alluvial fan that emanates from the 
San Pitch Mountains. The northern part of Juab Valley (about 
300 square miles) is in the southeastern part of the Utah Lake 
drainage basin, and the southern part (about 174 square miles) 
is in the northeastern part of the Lower Sevier drainage basin.  
The southern study-area boundary is along a low topographic 
divide between Little Salt Creek on the north (figure 1), which 
drains toward Chicken Creek Reservoir, and Chriss Creek on 
the south (south of the study area boundary and not shown 
on figure 1), which drains southwest toward the Sevier River 
(although both streams rarely flow into the valley).  
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Average annual precipitation from 1980 to 2010 (PRISM Cli-
mate Group, 2012) ranged from 12 to 18 inches on the valley 
floor and western bounding ranges, 30 to 40 inches on Mount 
Nebo, and intermediate values depending on elevation in the 
Wasatch Range and San Pitch Mountains. Climate stations at 
Nephi and Levan indicate average annual precipitation of 14.1 
± 3.3 and 14.5 ± 3.4 inches per year, respectively, from 1945 
to 2021 (figure 2) (Utah Climate Center, 2021).

The study area for this report includes the surface-drainage ba-
sins that flow to Mona Reservoir in the northwestern part of the 
study area and to Chicken Creek Reservoir in the southwest-
ern part of the study area. Major streams include Salt Creek, 
which drains a large area in the southern Wasatch Range and 
northern San Pitch Mountains; Currant Creek, which origi-
nates on the valley floor south of Mona, flows to Mona Reser-
voir, and exits the valley north through Long Ridge to Goshen 
Valley; and Chicken Creek, which drains the central San Pitch 
Mountains and enters the valley floor only under peak flow 
conditions. Perennial and intermittent streams originate in the 
Wasatch Range and San Pitch Mountains, and dry to inter-
mittent drainages occur in these ranges and along the eastern 
flanks of the West Hills and Long Ridge (figure 1). Flow data 
for Salt Creek, Currant Creek, and Chicken Creek were com-
piled from the USGS (figures 3, 4, and 5, respectively) and are 
summarized in the following paragraphs. The Levan Irriga-
tion Company has assumed measurement of Chicken Creek 
and Pigeon Creek flow; the data from their measurements are 
presented in the water budget report.

The USGS operates gage 10146000 on Salt Creek, about 
0.25 miles east of the canyon mouth (figures 1 and 3). Dur-
ing water years 1951 through 1979, geometric mean flow 
was 17.7 cubic feet per second (cfs) and increased slightly 
during this time period by about 0.15 cfs per year, equivalent 
to 103 acre-ft per year (ac-ft/yr). Flow data are not avail-
able for water years 1981 through 1992. During water years 
1993 through 2015, geometric mean flow was 10.6 cfs and 
decreased slightly during this time period by about 0.29 cfs 
per year (206 ac-ft/yr).  

Monthly flow in Salt Creek was greatest in May and June, 
and average monthly flow was less in 1993–2015 than in 
1951–1980 (figure 3C) for all months. Base flow is the 
groundwater contribution to a stream and generally sustains 
streamflow when flow created by snowmelt and precipitation 
is unavailable. Median base flow, roughly estimated by av-
erage flow during December, was 9.9 cfs (0.28 m3/s) during 
water years 1951 through 1979 and 5.5 cfs (0.16 m3/s) during 
water years 1993 through 2015. Salt Creek flow is derived 
predominantly from snowmelt and precipitation in the south-
ern Wasatch Range and northern San Pitch Mountains, and the 
lower average flow during 1993 to 2015 may have resulted 
from decreased average annual precipitation in its catchment 
area. The decreased flow may partly contribute to declining 
groundwater levels in the Nephi area. Most Salt Creek flow, 
however, is diverted into irrigation canals and pipes where it 

enters the valley (Thiros and others, 1996, p. 11) so seepage 
to groundwater and, therefore, impact on groundwater levels 
may be minor.

The USGS operates gage 10146400 on Currant Creek, about 1 
mile southeast of Mona (figures 1 and 4). During water years 
1983 to 1985, average monthly flow was much greater than 
normal and highly variable (figure 4A). Before and after this 
anomalous period, average monthly flow ranged from about 1 
to 50 cfs (0.03–1.4 m3/s), was punctuated by several unusual-
ly high months, and then declined slowly (figure 4A). During 
water years 1993 through 2015 (same period of record ana-
lyzed for Salt Creek), geometric mean flow was 11.1 cfs and 
decreased slightly during this time period by about 0.6 cfs per 
year (412 ac-ft/yr), based on poorly defined linear regression.  
Base flow, estimated by average December flow, was 9.1 cfs 
during water years 1993 through 2015. Currant Creek origi-
nates on the valley floor about 3.5 miles south of the southern 
end of Mona Reservoir (figure 1) and is not connected to other 
streams, so its flow is derived from groundwater. Decreasing 
flow during water years 1993 through 2015 may reflect in-
creased groundwater pumping (see Groundwater section) and 
decreased precipitation.

The USGS operated gage 10219200 on Chicken Creek, about 
2 miles southeast of Levan (figures 1 and 5), from 1962 
through 1995. Geometric mean flow during water years 1987 
through 1995 was 1.1 cfs. Levan Irrigation Company current-
ly operates this gage.

Flow of many streams in the Wasatch Range and San Pitch 
Mountains ranges from perennial to ephemeral and is diverted 
into aqueducts in the mountains for agricultural use on the 
valley floor.  

Stratigraphy and Structural Geology

Juab Valley is a syntectonic sedimentary basin, composed of 
interlayered alluvial and lacustrine gravel, sand, and clay. The 
basin formed due to Basin and Range normal faulting during 
Quaternary-Tertiary time, which uplifted the adjacent ranges 
and caused the valley floor to subside. The Wasatch Range on 
the eastern valley margin is composed mainly of Paleozoic car-
bonate rocks and Mesozoic siliciclastic rocks that were faulted 
and folded during Mesozoic and Cenozoic time. The San Pitch 
Mountains—the southern continuation of the Wasatch Range—
are composed of Cenozoic volcanic rocks, Mesozoic siliciclas-
tic rocks, and the Mesozoic Arapien Formation which includes 
gypsum- and halite-bearing mudstone and sandstone. Previous 
work indicated that the Arapien Formation underwent diapirism 
in this region, but more recent work indicates that Late Mesozo-
ic and Early Cenozoic thrusting structurally thickened the salt 
rich Arapien (Sprinkel and others, 2011). Mountains bounding 
Juab Valley on the west are composed of Paleozoic sedimentary 
rocks, Cenozoic volcanic and volcaniclastic rocks, and Ceno-
zoic sedimentary rocks, from north to south.
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A.

B.

Figure 2. Precipitation records for Juab Valley climate stations for water years 1945 through 2021 (Utah Climate Center, 2021). Station 
locations are shown on figure 1. Plots show annual precipitation, average, and ±2 standard deviations annual precipitation, and cumulative 
departure from average annual precipitation. A) Precipitation records from Nephi Co-op station. B) Precipitation records from Levan 
Co-op station.  
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Figure 3. A) Hydrographs for Salt Creek in Juab Valley, water years 1951 to 1980 and 1993 to 2021. Data are from the U.S. Geological 
Survey’s National Water Information System (NWIS) (USGS, 2021) for gage 10146000, “Salt Creek at Nephi, UT.” Gage location is shown on 
figure 1. Geometric mean flow was 17.7 cfs from 1951 to 1980, and 14.2 cfs from 1993 to 2021, a decrease of 20%. Simple linear regression 
suggests approximate changing flow rates of 0.15 cfs (103 ac-ft/yr) from 1951 to 1980, and -0.29 cfs (-206 ac-ft/yr) from 1993 to 2021. B)  
Logarithmic y-axis (discharge) showing detail of lower flow range from A. C) Median flow by day. Median flow for each day was 28% to 45% 
lower in 1993 to 2021 than in 1951 to 1980. D) Hydrograph for December discharge, approximating base flow.

0

50

100

150

200

D
is

ch
ar

ge
 (

cf
s)

A

1950 1960 1970 1980 1990 2000 2010 2020

101

102

D
is

ch
ar

ge
 (

cf
s)

B

Figure 3. 

A.

B.



Utah Geological Survey8

Oct Nov DecJan Feb Mar Apr May Jun Jul Aug Sep
Month

10

20

30

40

50

60

70

80
D

is
ch

ar
ge

 (
cf

s)
C

Median flow between 1950 and 1980
Median flow between 1993 and 2021

1950 1960 1970 1980 1990 2000 2010 2020
Year

4

6

8

10

12

14

16

D
is

ch
ar

ge
 (

cf
s)

D

Figure 3. 
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Figure 3 continued. A) Hydrographs for Salt Creek in Juab Valley, water years 1951 to 1980 and 1993 to 2021. Data are from the U.S. 
Geological Survey’s National Water Information System (NWIS) (USGS, 2021) for gage 10146000, “Salt Creek at Nephi, UT.” Gage location 
is shown on figure 1. Geometric mean flow was 17.7 cfs from 1951 to 1980, and 14.2 cfs from 1993 to 2021, a decrease of 20%. Simple linear 
regression suggests approximate changing flow rates of 0.15 cfs (103 ac-ft/yr) from 1951 to 1980, and -0.29 cfs (-206 ac-ft/yr) from 1993 to 
2021. B) Logarithmic y-axis (discharge) showing detail of lower flow range from A. C) Median flow by day. Median flow for each day was 
28% to 45% lower in 1993 to 2021 than in 1951 to 1980. D) Hydrograph for December discharge, approximating base flow.
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Figure 4. Hydrographs for Currant Creek in Juab Valley, water years 1978 to 2021. Data are from the NWIS, for gage 10146400, “Currant 
Creek Near Mona, UT.” Gage location is shown on figure 1. A) Hydrograph for Currant Creek. Geometric mean flow was 11.1 cfs from 1993 
to 2021. We used this timeframe for comparison to the Salt Creek data periods. Simple linear regression suggests an approximate changing 
flow rate of -0.6 cfs (-412 ac-ft/yr) from 1993 to 2021. B) Logarithmic y-axis (discharge) showing detail of lower flow range from A. C) 
Median flow by day of year. Peak flow occurred over a greater time range than for Salt Creek (skewness of geometric means by month was 
0.45 cfs for Currant Creek, and 1.7 cfs for Salt Creek), reflecting the dependence of flow on groundwater discharge rather than surface runoff. 
D) Hydrograph for December flows (approximating base flow). Geometric mean flow during “low flow” years (arbitrarily defined as less 
than 10.0 cfs) after 1990 was 7.3 cfs and decreased at a rate of approximately 1 cfs/year.
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Figure 4 continued. Hydrographs for Currant Creek in Juab Valley, water years 1978 to 2021. Data are from the NWIS, for gage 10146400, 
“Currant Creek Near Mona, UT.” Gage location is shown on figure 1. A) Hydrograph for Currant Creek. Geometric mean flow was 11.1 cfs 
from 1993 to 2021. We used this timeframe for comparison to the Salt Creek data periods. Simple linear regression suggests an approximate 
changing flow rate of -0.6 cfs (-412 ac-ft/yr) from 1993 to 2021. B) Logarithmic y-axis (discharge) showing detail of lower flow range from 
A. C) Median flow by day of year. Peak flow occurred over a greater time range than for Salt Creek (skewness of geometric means by month 
was 0.45 cfs for Currant Creek, and 1.7 cfs for Salt Creek), reflecting the dependence of flow on groundwater discharge rather than surface 
runoff. D) Hydrograph for December flows (approximating base flow). Geometric mean flow during “low flow” years (arbitrarily defined as 
less than 10.0 cfs) after 1990 was 7.3 cfs and decreased at a rate of approximately 1 cfs/year.
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Figure 5. Hydrographs for Chicken Creek. Data are from the NWIS, for gage 10219200,“Chicken Creek Near Levan, UT.” A) Hydrograph 
for water years 1962 to 1995. B) Logarithmic y-axis showing detail of low-flow range from A.  
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Geologic maps of the Manti and Nephi 30′ x 60′ quadrangles 
(Witkind and others, 1987; Witkind and Weiss, 1991, respec-
tively) are the sources for the compiled hydrogeologic map 
(plate 1). Figure 6 shows the simplified stratigraphy and hy-
drostratigraphy. Smaller scale geologic maps within the study 
area include two surficial geologic maps along the Wasatch 
fault zone (Harty and others, 1997; Hylland and Machette, 
2008) and geologic maps of the Juab (Clark, 1990), Levan 
(Auby, 1991), Nephi (Biek, 1991), and Mona (Felger and oth-
ers, 2004) 7.5′ quadrangles. Select publications that describe 
the regional stratigraphic and tectonic setting and the geologic 
evolution of Juab Valley include Smith and Bruhn (1984), Ma-
chette and others (1992), Zoback (1992), Constenius (1996), 
DeCelles and Coogan (2006), Hintze and Kowallis (2009), 
and Sprinkel and others (2011).

The geology of the Juab Valley drainage basin is character-
ized by stratigraphic and structural elements common in the 
Basin and Range geologic province: (1) a north-trending, nor-
mal-fault-bounded valley having steep mountain fronts that 
transition from steep to moderately steep mountain ranges, 
all having high length-to-width ratios; (2) basin fill derived 
from erosion of adjacent ranges during Quaternary-Tertiary 
normal faulting and associated range uplift/valley subsidence, 
composed of complexly interlayered clay, gravel, and sand 
deposited in alluvial-fan, fluvial, and lacustrine environments, 
ranging up to several thousand feet thick; and (3) below the 
basin fill and in the adjacent ranges, Tertiary volcanic and vol-
caniclastic rocks that are moderately to highly faulted, and 
variably faulted and folded early Cenozoic, Mesozoic, Paleo-
zoic, and Proterozoic carbonate and siliciclastic sedimentary 
rocks. Early Cenozoic and Mesozoic rocks are interlayered 
siliciclastic (chiefly sandstone, mudstone, and shale) and car-
bonate (chiefly limestone) rocks. The Paleozoic rocks are pre-
dominantly carbonate in the upper two-thirds and siliciclastic 
in the lower one-third of the stratigraphic section.

The ranges and valleys have a complex stratigraphic and struc-
tural evolution that includes: (1) deposition of late Proterozoic 
through early Paleozoic siliciclastic rocks in shallow to deep 
marine, subsiding continental-margin environments; (2) depo-
sition of middle through late Paleozoic rocks in carbonate reef 
and nearshore to deep marine, continental-margin environ-
ments; (3) deposition of Mesozoic rocks in a variety of near-
shore marine and fluvial environments; (4) folding and thrust-
ing during the Late Jurassic to early Tertiary Sevier orogeny; 
(5) calc-alkalic volcanism and normal faulting during the early 
Tertiary; and (6) normal faulting that formed the present Basin 
and Range topography, and fluvial and lacustrine deposition in 
syntectonic basins on the hanging walls of the range-bounding 
normal faults during the late Tertiary and Quaternary.

Hydrostratigraphy

We grouped the geologic units into informal hydrostrati-
graphic units (table 1), defined here as consecutive or later-

ally gradational geologic map units or formations grouped 
according to their interpreted hydraulic properties (i.e., hy-
draulic conductivity and storativity) (Seaber, 1988, p. 13; 
Macfarlane, 2000, p. 3). Because aquifer-test data in Juab 
Valley are sparse, grouping of units and evaluation of hydrau-
lic properties is informal and is based on data and experience 
from similar basins along and near the Wasatch Front. Units 
are classified into three informal hydrogeologic types: aqui-
fer (yields substantial water to wells and/or accommodates 
basin-scale groundwater flow), confining unit (does not yield 
substantial water to wells and/or greatly slows or forms a bar-
rier to basin-scale groundwater flow), and heterogeneous (the 
unit contains stratigraphic and/or facies variations or variable 
fracture density at scales too small to show on the map, that 
may result in different hydraulic properties at different loca-
tions and/or depths).

The most important hydrostratigraphic units in the study 
area are (1) Quaternary alluvial and lacustrine deposits and 
Quaternary-Tertiary alluvial-fan deposits (units Qal, Ql, and 
QTaf, respectively, table 1) that together form the Juab Val-
ley basin-fill aquifer, (2) the Jurassic Arapien Formation [unit 
Ja], and (3) Cretaceous siliciclastic rocks (unit Ks), Perm-
ian-Pennsylvanian carbonate rocks (units Pcs and P*o), and 
Mississippian-Ordovician carbonate and siliciclastic rocks 
(unit MOcs).

Unconsolidated, Quaternary and Quaternary-Tertiary allu-
vial and alluvial-fan deposits make up most of the basin fill 
in the depth range covered by the drillers’ logs (as deep as 
about 1000 ft). Where saturated, these gravel, sand, and clay 
sediments form the principal basin-fill aquifer of Juab Valley.  
Quaternary lacustrine deposits of Lake Bonneville and pos-
sibly earlier lake cycles are chiefly clay or clay with variable 
but lesser amounts of silt, sand, and gravel. These laterally 
discontinuous deposits are interlayered with the alluvial and 
alluvial-fan deposits in the upper 100 to 200 ft of the basin 
fill, and collectively form a confining zone. The “Basin-Fill 
Hydrogeology” section below describes the lithology of the 
basin-fill deposits in greater detail.

The Jurassic Arapien Formation (unit Ja) is composed of 
mudstone and sandstone and includes gypsum and halite in 
bedded and vein form (Witkind and others, 1987; Witkind 
and Weiss, 1991; Sprinkel and others, 2011). This unit was 
originally named the Arapien Shale, but Sprinkel and others 
(2011) recommended redefining it as the Arapien Formation 
and including the limestone in the San Pitch Mountains 
previously mapped as Twin Creek Limestone. Gypsum mines 
are present in Arapien Formation outcrops in Salt Creek and 
canyons to the south. Witkind and others (1987) and Witkind 
and Weiss (1991) interpreted highly deformed Arapien 
Formation exposed in the southern Wasatch Range and San 
Pitch Mountains as diapirs that were mobile from Jurassic 
through late Tertiary time, and accordingly gave it a map 
unit having a compound age. However, Sprinkel and others 
(2011) indicate that this deformation is more likely related to 
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Figure 6. Stratigraphic column for Juab Valley study area, compiled from Witkind and others (1987), Clark (1990), Auby (1991), Biek 
(1991), Witkind and Weiss (1991), and Felger and others (2004). Geologic unit symbols are from compiled geologic maps, hydrostratigraphic 
symbols shown on plate 1 and described in table 1.     
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structural thickening of the Laramide and Sevier orogenies. 
The Arapien Formation is poorly resistant, and its detritus 
likely makes up a significant part of the basin fill in the Salt 
Creek alluvial fan and in the southern half of the study area.

Gypsum and halite dissolve in groundwater, increasing its 
sulfate, sodium, chloride, and total-dissolved-solids concen-
trations. This process likely occurs in the mountain ranges 
where precipitation and snowmelt infiltrate into the Arapien 
Formation, and in mountain streams and the basin-fill aquifer 
where water flows through Arapien Formation-derived sedi-
ment. Dissolution of gypsum and halite is likely enhanced in 
and around the gypsum mines where abundant fresh outcrop 
surfaces and fine-grained detritus are present. Groundwater 
chemistry and reaction modeling by Thiros and others (1996) 
and data from this study (see “Groundwater Chemistry” sec-
tion) confirm the strong influence of the Arapien Formation 
on Juab Valley groundwater chemistry.

The southern Wasatch Range in the northeast part of the study 
area is composed of Permian through Ordovician carbonate 
rocks (hydrostratigraphic units Pcs, P*o, and MOcs) that 
are folded and fractured. This area has the highest average 
annual precipitation in the study area (figure 1 inset). The car-
bonate rocks here are likely permeable by virtue of high frac-
ture density and solution widening of fractures by groundwa-
ter and, therefore, accommodate recharge of snowmelt and 
precipitation to a greater degree than hydrostratigraphic units 
classified as aquitards or heterogeneous.

The high country of the northeastern San Pitch Mountains 
is composed predominantly of conglomerate and sandstone 
of the Cretaceous siliciclastic rocks hydrostratigraphic unit 
(Ks). These rocks likely have both primary and secondary 
fracture porosity and permeability and accommodate infiltra-
tion of snowmelt. The high country of the southeastern San 
Pitch Mountains is composed predominantly of the Tertiary 
sedimentary rocks unit (Ts), which includes interbedded 
sandstone, mudstone, and limestone that together do not form 
a large, physically continuous aquifer, but some formations 
yield sufficient water to stock watering and industrial wells 
in the southwestern part of the study area.

Groundwater

Thiros and others (1996) described the hydrologic conditions 
and chemistry of Juab Valley groundwater, as paraphrased be-
low (their report also includes measurements of surface wa-
ter, a water budget, and conceptual and numerical models of 
groundwater flow, none of which are summarized here). Re-
charge to the basin-fill aquifer occurs directly on the alluvial 
fans by infiltration of stream flow and of local snowmelt and 
precipitation, and by subsurface flow from bedrock aquifers 
across the Wasatch fault zone that forms the eastern structural 
boundary of the basin fill. Groundwater flows through the ba-
sin-fill aquifer from the mountain front toward the valley floor, 

to major discharge areas at Mona Reservoir and adjacent areas 
to the south including Burriston Ponds, and at Chicken Creek 
Reservoir and adjacent areas to the northeast. Thiros and oth-
ers (1996) estimated that the discharge from the springs of 
Burriston Ponds and the diffuse groundwater discharge area to 
the south was 10,570 ac-ft/yr, based on stream gage data from 
Currant Creek downstream from Burriston Ponds (USGS 
gage 10146400; see figure 4A and the Geography, Climate, 
and Surface Water section; Thiros and others, 1996, table 4, 
p. 60, and p. 68). The principal basin-fill aquifer is composed 
of unconsolidated gravel, sand, and clay derived from erosion 
of bedrock in adjacent ranges and deposited in fluvial and la-
custrine environments. Some groundwater may flow northeast 
out of the northwestern part of the valley through the Paleo-
zoic carbonate-rock aquifer below Long Ridge.  

Groundwater in the basin fill flows either north-northwest or 
south-southwest depending on location relative to a ground-
water divide near Levan Ridge that is about 5 miles south of 
Nephi. North of the divide, groundwater flows toward the 
Mona Reservoir discharge area in the northwestern part of the 
valley, whereas south of the divide groundwater flows toward 
the Chicken Creek Reservoir discharge area in the southwest-
ern part of the valley.  

Based on recent and historical groundwater levels, Thiros and 
others (1996, p. 34) noted seasonal groundwater fluctuations 
related to groundwater pumping for irrigation but concluded 
that “long-term water-level fluctuations reflect climatic trends 
and a decline caused by increased ground-water withdrawal 
from wells generally is not apparent.” Groundwater conditions 
in Juab Valley have changed since the time of their report, 
and groundwater levels are now substantially lower, likely 
impacted by increased withdrawals over time. The USGS has 
estimated average annual groundwater withdrawal (chiefly 
groundwater pumping by wells for irrigation) for Juab Valley 
since 1963 (Smith and others, 2019). Smith and others (2019) 
cite an average value of 21,000 ac-ft/yr for 1963 to 2015, dur-
ing which annual withdrawal varied substantially (figure 7).  
Withdrawal was as low as 8000 ac-ft/yr from 1983 to 1986, 
and as great as 29,000 ac-ft/yr from 2012 to 2015 (figure 7).

Data from 201 driller’s logs entered into a well database for 
this study show that the median well depth in Juab Valley is 
224 ft, and 92% of the wells are between 110 and 575 ft deep.  
The median midpoint of the screened or open interval is 175 
ft, and the screened or open interval for most wells is 100 ft or 
less (figure 8). These statistics define the current withdrawal 
zone in the basin-fill aquifer.

The USGS measures groundwater levels in 30 wells in Juab 
Valley annually, most of which have been measured continu-
ously since the late 1970s (figure 9) (Smith and others, 2019; 
USGS, 2018). Groundwater levels show various trends but 
have declined overall at many locations throughout the valley 
since 1990 (figures 9B–O). Most wells show peak groundwater 
levels in 1984 and 1999 (plus-or-minus two years depending 
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Figure 7. Estimates of annual groundwater pumping in Juab Valley, 1964 to 2018 (Smith and others, 2019).   

Figure 8. Histograms and statistics for well depths and the top of open or screened intervals for wells in Juab Valley recorded in the well 
database for this study. The number of screened/open intervals is greater than the number of wells because many wells have more than one 
screened interval. Data are from drillers’ logs obtained from the Utah Division of Water Rights (2021).   

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

5000

10,000

15,000

20,000

25,000

30,000
G

ro
un

dw
at

er
Pu

m
pi

ng
(a

c-
ft

/y
r)

Annual pumping
Mean annual pumping 1964–2018

Figure 7.

North South
Side of Groundwater Divide (near Levan Ridge)

0

200

400

600

800

D
ep

th
 b

el
ow

 g
ro

un
d 

(f
t)

Screen top
Total

Screen top Total depth
count 142.0 170.0 
mean 137.0 249.0 
std 89.0 149.0 
min 0.0 20.0 
25% 80.0 140.0 
50% 122.0 183.0 
75% 160.0 347.0 
max 487.0 890.0 

Figure 8.



Utah Geological Survey18

"

""""

""""""

#
#

##

###

#
#

##

###
####

#

#

#
#

#

##
#

##

##
#

#

# #

#

##

##

#

##
##

#

#*
#*

#*

#*

#*
#*

#*

#*
#*#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*

#*

#* #*

#*

#*

#*

#*

#*
#*

#*

39  52'30"

111 45'00"
o

o

111 52'30"o

39 52'30"o

39 45'00"o

39 37'30"o

39 30'00"

111 52'30"
o

111 45'00"
o

39 37'30"
o

39 45'00"o

111 37'30"
o

o

111 37'30"o

W
ES

T
H

IL
LS

LO
N

G
RI

DG
E

JU
AB

VA
LL

EY

Salt
Cr

ee
k

Re
se

rv
oi

r
M

on
a

W
es

t C
re

ek

Currant
Creek

Burriston
Ponds

North Creek

Willow
Creek

Fourmile

Creek

Chicken

Creek

Pigeon Creek

Deep Creek

Little Salt
Creek

Chicken Creek
Reservoir

N
O

M

L

K

I

J

H

G

F

E

D

H2-29
H3-11

G3-22

G2-21

G2-22
G2-25

F3-06

E3-34E2-14E2-28 E3-38
E3-67

E3-74
E2-21

D3-49

D2-08 D3-72

C3-45

C3-50
C3-41

G3-24

H2-34
H2-16

C3-60

B3-47

B3-23

D3-69

H2-13
H3-09

H2-22

Mona

Nephi

Levan

78

28

28

132
132

I-15

I-15

0 3 6
km

0 3 6
miles

D

B3-47

Explanation

#*

USGS Well (well ID and letter of
hydrograph in figures 9D-O
[bold])

Informal hydrogeographic area
(HA) boundary defined in this
report

Water Rights administrative
boundary

Stream

Reservoir

Road

N

SA
N

   
 P

IT
C

H
   

 M
O

U
N

TA
IN

S

W
AS

AT
C

H
   

   
 R

AN
G

E

Figure 9. Analysis of water-level trends for wells in Juab Valley measured annually by the U.S. Geological Survey (2021). Estimates of average 
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Figure 9 continued. B) Average rates of groundwater decline from about 2000 to 2021 (depending on the well) based on linear regression 
of March water levels from U.S. Geological Survey water-level data. The beginning year selected for the regression depended on when the 
overall declining trend began and on data availability. Several wells do not have data from about 2016 to 2021 but are included because their 
earlier records are complete, they illustrate a clear trend, and their locations provide improved spatial coverage of water-level trend data.  
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Figure 9 continued. C)  Average rates of groundwater decline from about 2012 to 2021 (depending on the well) based on linear regression 
of March water levels from U.S. Geological Survey annual water-level data. Most rates of decline are greater than the longer time period 
shown on A.    
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on location), with periods of overall decline from approxi-
mately 1984 to 1998 and from 1999 to present. The Interpre-
tations subsection of the Groundwater Levels section below 
describes trends and spatial distribution of groundwater-level 
declines in Juab Valley, based on these long-term data.

Hydrogeographic Areas

Topography, surface-drainage patterns, hydrogeology, and 
groundwater conditions vary along the length of Juab Valley 
and five informal hydrogeographic areas can be delineated for 
descriptive purposes (figure 1). From north to south, these are:

1.	 Mona Reservoir hydrogeographic area, from north of 
Mona Reservoir to about 0.5 miles south of the central 
part of Burriston Ponds. Topography is characterized by 
a narrow, north-south- to northeast-trending valley-floor 
axis (i.e., the locus of low-elevation points and adjacent, 
flat parts of the valley floor) near the valley meridian. 
Steep alluvial fans form the mountain front along the 
eastern valley margin and transition abruptly to the very 
steep Wasatch Range. Thiros and others (1996) delineated 
a groundwater flow path from recharge areas on the Salt 
Creek and Willow Creek alluvial fans, northwest to the 
valley-floor discharge area at Burriston Ponds. Smaller 
springs and distributed seeps occur west, northwest, and 
southwest of Burriston Ponds. Several flowing wells are 
present along the eastern margin of Mona Reservoir. The 
southern boundary of the hydrogeographic area is placed 
approximately where Currant Creek becomes perennial 
(this location likely changes year to year depending on 
precipitation and antecedent groundwater levels).  

2.	 West Creek hydrogeographic area, from about 0.5 miles 
south of Burriston Ponds to an arcuate southern boundary 
in about a 3-mile radius from central Nephi. The valley-
floor axis and mountain front have similar geometry to 
those of the Mona Reservoir hydrogeographic area. The 
valley-floor discharge area is characterized by numerous 
distributed small springs and seeps. The ephemeral West 
Creek and the ephemeral part of Currant Creek originate 
on the valley floor, presumably from groundwater dis-
charge, in the southwestern part of the West Creek hydro-
geographic area.

3.	 Nephi hydrogeographic area, from the southern boundary 
of the West Creek hydrogeographic area to about 4 miles 
southwest of Nephi, where topography is defined by the 
Salt Creek alluvial fan that slopes radially away from where 
Salt Creek enters Juab Valley, and a narrow, arcuate valley-
floor axis near the eastern valley margin. Salt Creek enters 
the valley through Salt Creek Canyon east of Nephi, where 
bedrock is predominantly the Jurassic Arapien Formation, 
described in the Hydrostratigraphy section above. The 
Wasatch Range is composed of Mesozoic sedimentary rocks 
and Tertiary volcanic and volcaniclastic rocks, and tapers 
southward to Salt Creek Canyon. The San Pitch Mountains, 

composed of Mesozoic and Cenozoic rocks, rise southward 
from Salt Creek Canyon. The Arapien Formation influences 
surface-water and groundwater chemistry in the Nephi hy-
drogeographic area (Thiros and others, 1996). Groundwater 
flows to the west from the range fronts and flows radially 
outward from the Salt Creek alluvial fan toward areas of 
heavy agricultural pumping west of Nephi. The groundwa-
ter discharge areas are along the valley-floor axis including 
the southern West Creek hydrogeographic area and in the 
northwestern part of Juab Valley toward Burriston Ponds in 
the Mona Reservoir hydrogeographic area.

4.	 Levan Ridge hydrogeographic area, from about 4 miles 
southwest of Nephi to about 1.5 miles north of Levan, 
comprising the Levan Ridge geographic feature shown 
on most topographic maps, which is a large, gently west-
sloping alluvial fan that emanates from the Fourmile 
Creek drainage basin in the San Pitch Mountains. The 
valley-floor axis is comparatively narrow and arcuate and 
is on the west side of the valley. The western part of the 
Fourmile Creek drainage basin in the San Pitch Range is 
composed largely of the Jurassic Arapien Formation, and 
the eastern part is composed of Cretaceous siliciclastic 
rocks. The groundwater divide briefly described in the 
“Groundwater” section above occurs in the Levan Ridge 
hydrogeographic area, as do the surface-flow and admin-
istrative boundaries between the southern part of the Utah 
Lake basin to the north and the northeastern part of the 
Lower Sevier basin to the south. Groundwater flows north 
from the northern part of Levan Ridge to the Nephi hydro-
geographic area and south from the southern part of Le-
van Ridge to the Levan hydrogeographic area. The nature 
of this groundwater divide is discussed in greater detail 
in the “2015 Groundwater-Level Map'” subsection of the 
“Groundwater Levels” section below.

5.	 Levan hydrogeographic area, from the southern end of Le-
van Ridge to the southern part of the study area including 
Chicken Creek Reservoir. Topography is characterized by 
a broad, gently southwest-sloping valley floor and south-
west-trending valley-floor axis, comparatively small and 
gently sloping alluvial fans along the eastern valley moun-
tain front, and the western part of the San Pitch Mountains 
which is composed predominantly of the Jurassic Arapien 
Formation.  Groundwater flows from the mountain front to 
the southwest toward a discharge area at and northeast of 
Chicken Creek Reservoir (Thiros and others, 1996).  

BASIN-FILL HYDROLOGY

Introduction

A major objective of this study was to characterize the basin 
fill in greater detail than previous work. Specific goals were to 
characterize (1) basin fill lithology—chiefly grain size varia-
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tions over depth and area, based on water well driller’s logs, 
(2) hydraulic properties—chiefly transmissivity estimated 
from well-test data from water well driller’s logs, and (3) 
large-scale basin structure—using well-log and gravity data 
combined with a published seismic-reflection profile.

Lithology

Introduction

The primary lithologic data came from well driller’s logs 
obtained from the Utah Division of Water Rights, which we 
then entered into a well-information database. The approach 
of this analysis was to (1) construct hydrogeologic cross sec-
tions through critical areas such as the groundwater-divide 
area, along the groundwater flow paths delineated by Thiros 
and others (1996), and through other major natural discharge 
and groundwater pumping areas; and (2) create maps showing 
the relative proportions of fine, mixed, and coarse deposits 
for defined depth intervals. The difficulties and uncertainties 
of using well drillers’ logs to delineate hydrogeology are well 
known, but useful results can be derived using proper quality 
control (Hurlow, 2017). In short, it is important to verify the 
well’s location, generalize the data, not overly rely on a single 
log for interpretation (except those logged in detail by an on-
site geologist), and discard logs that appear too simplified or 
that contradict several nearby logs.

Methods

Data from 201 well driller’s logs throughout Juab Valley 
were entered into a database that was imported into Rock-
works Borehole Manager to construct lithologic profiles 
through the basin fill. Data entered included the location, 
diameter, depth, and construction of the well, the lithologic 
log, and the water level (well-test data, if available, were en-
tered into a separate spreadsheet for estimation of transmis-
sivity; see next section). Land-surface elevation was deter-
mined from lidar imagery for wells within the available cov-
erage. For wells outside of the lidar coverage, elevation was 
determined by GPS (≤ 4 in. resolution) for wells in which 
the UGS measured water levels, and from USGS National 
Water Information System (NWIS) data or 1:24,000-scale 
topographic maps for wells we did not measure. The litho-
logic logs were entered by coding each lithology type with 
a number and forming a composite number to represent the 
lithology of each reported depth interval. For example, clay 
was coded as 1, gravel as 4, and intervals containing both 
were coded as 14. For intervals having both gravel and clay 
where gravel was listed as the primary component, the code 
was 41. Most logs do not, however, include relative propor-
tions when more than one grain size is present, an important 
limitation of this method. Such intervals were coded with 
the number corresponding to the finer grain size first. The 
overall bias of the lithologic data is, therefore, to emphasize 
the fine-grained deposits.

The lithologic profiles (plate 2) were constructed in the Rock-
works Borehole Manager application, which projects the 
wells into the profile line, plots a vertical strip log for each 
well that illustrates the interpreted driller’s logs, and plots the 
screened or open interval and the water level. Water levels on 
the profiles are UGS measurements from 2015 or extrapolated 
from the 2015 water-level contours (see Groundwater Levels 
section). In all, 18 profiles were constructed, 8 of which are 
shown on plate 2 at 5:1 vertical exaggeration.

Results

Lithologic Profiles

The initial profiles illustrated the lithologic logs’ grain-size in-
formation and, where available, sediment or rock type, using 
the compound numerical codes described above and unique 
colors and/or patterns assigned to each code. The next level 
of interpretation was to attempt to assign stratigraphic units 
to intervals in each well. Initial stratigraphic units were based 
on grain size and relative depth in the well; for example, the 
shallowest predominantly fine-grained (i.e., mainly clay) in-
terval was denoted f1, the next deepest fine-grained interval 
was denoted f2, etc., and the same convention was applied to 
mixed and predominantly coarse-grained intervals. The goal 
of this approach was to evaluate whether laterally continuous 
hydrostratigraphic units could be identified in the basin fill.  
Correlation of lithologic types using this technique was gen-
erally poor. For example, although the f1, m1, and c1 layers 
commonly occur at similar elevations and have similar thick-
nesses in two to five consecutive wells, they typically do not 
form laterally continuous layers across more than one-third of 
any profile. As a result, fine, mixed, and coarse-grained lay-
ers were delineated but were not correlated into a basin-wide 
stratigraphy. Instead, the logs were further simplified into pre-
dominantly fine (clay and silt), mixed (unknown relative pro-
portions of fine- and coarse-grain sizes), and predominantly 
coarse (sand, gravel, cobble, and boulder) intervals. Intervals 
coded as mixed deposits could be either intermixed clay and 
gravel such as debris-flow deposits, or interlayered, well-sort-
ed beds such as fluvial deposits.  

The resulting profiles (plate 2, figure 10) show the distribution 
of predominantly fine, mixed, and coarse-grained deposits in 
the upper 400 to 500 ft of the basin fill. Lateral pinch out of 
units is common. The interpretation of lithology between wells 
is geologically reasonable based on the predominant alluvial-
fan, lacustrine, and fluvial depositional environments in which 
these deposits formed, but is speculative. Where abrupt chang-
es occur—e.g., between wells C3-34 and C3-70 in the central 
part of profile A–A′ (plate 2)—the lithologic boundaries are 
illustrated as roughly vertical, sawtooth shapes that indicate 
the nature and location of the contact is uncertain. Such abrupt 
changes typically occur between wells having different levels 
of detail in their lithologic logs. Lithologic patterns are not 
given solid or dashed boundaries to emphasize the speculative 
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Figure 10. Pie-diagram maps showing relative proportions of fine, mixed, and coarse-grained deposits interpreted from driller’s logs. 
A)  Depths of 0 to 100 feet. B) Depths of 100 to 200 feet. C) Depths of 200 to 300 feet. D) Depths of 300 to 400 feet.    
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Figure 10 continued. Pie-diagram maps showing relative proportions of fine, mixed, and coarse-grained deposits interpreted from driller’s 
logs. A)  Depths of 0 to 100 feet. B) Depths of 100 to 200 feet. C) Depths of 200 to 300 feet. D) Depths of 300 to 400 feet.    
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nature of the contacts away from the wells. Water levels illus-
trate depth to water and the saturated thickness of the basin-fill 
aquifer within about 300 ft of land surface.

Despite the limitations described in the preceding paragraphs, 
the profiles yield useful information about the lithology of the 
principal basin-fill aquifer including lateral and vertical varia-
tions. The following paragraphs describe the general character-
istics and possible hydrogeologic significance of each profile.

Profile A–A′ (plate 2) trends southwest-northeast through the 
southern part of the Mona Reservoir hydrogeographic area.  
Coarse-grained and mixed deposits dominate the northeastern 
part of the profile in the distal part of the North Creek alluvial 
fan that emanates from the Wasatch Range. From well C3-
64 southwest to well C3-10, the deposits grade to predomi-
nantly fine grained. In the southwestern part of the profile, 
fine-grained deposits dominate the upper ~200 ft and overlie 
~100 ft of coarse-grained and mixed deposits. The water table 
is flat compared to topography; the substantially greater depth 
to water below the alluvial fan reflects the greater transmissiv-
ity of these deposits than of the clay-rich deposits in the basin 
center. The water table is close to the land surface near Mona 
Reservoir, indicating that seepage to the surface likely occurs 
in this area. Thiros and others (1996) noted several flowing 
wells near Mona Reservoir, though many of these are now 
only intermittently or no longer flowing. Depth to groundwa-
ter below the alluvial fan on the southwestern end of the pro-
file likely reflects low local recharge rates.

Profile B–B′ (plate 2) trends north-northwest from the north-
ern part of Nephi to Burriston Ponds, along one of the major 
flow paths within the basin-fill aquifer proposed by Thiros and 
others (1996, figure 8). The southeastern part of profile B–B′ 
is in the mountain-front alluvial fan that originates where Salt 
Creek flows into Juab Valley and is composed of predomi-
nantly coarse- and mixed-grain-size deposits. Fine-grained 
deposits make up a greater proportion of the upper ~100 ft of 
the basin fill between wells D3-38 and D3-75 in the central 
part of the profile, and coarse- and mixed-grain-size deposits 
dominate the northwestern part of the profile. A 30-foot-thick 
fine-grained layer occurs at the top of well D3-80, east of Bur-
riston Ponds, at land surface elevation 4922 ft. Groundwater 
in this well is confined and about 18 ft below land surface.  
The spring heads are about 400 to 1500 ft to the northwest, 
west, and southwest at about 4900 to 4880 ft land surface el-
evation, roughly at the base of the fine-grained layer in well 
D3-80. If the fine-grained layer in well D3-80 is laterally per-
sistent, the Burriston Ponds springs may be a localized valley 
depression where the land surface cuts down to the confined 
aquifer. The source of the springs may, however, be deeper.  
Thiros and others (1996, p. 68) suggested that unspecified 
geologic structures, indicated by a local gravity high, focus 
groundwater flow to the springs. Profile B–B′ is too shallow 
to illustrate bedrock structures, and well coverage at its north-
western end is too sparse to interpret whether faults that cut 
the basin fill are present.

Profile C–C′ (plate 2) trends southwest-northeast, approxi-
mately perpendicular to the long axis of Juab Valley north of 
Nephi. This area has intensive crop growing, supported by 
surface water in a canal system fed by Salt Creek (Thiros and 
others, 1996, figure 6) and by groundwater pumping. Fine-
grained deposits dominate the upper 20 to 50 ft of the basin fill 
in the northeastern half of the profile and overlie as much as 
~200 ft of predominantly coarse- and mixed-grain-size depos-
its. Mixed-grain-size deposits occur in the upper ~100 ft of the 
basin fill in the southwestern half of the profile, above coarse 
and mixed deposits. Most well screens are 200 ft or more be-
low land surface and 25 to 100 ft below the local water table.  
Sediment size distributions with water level and screen data 
indicate confined conditions. Groundwater levels in this area 
have declined by as much as 35 ft since 1993 (see Groundwa-
ter Levels section).

Profile D–D′ (plate 2) trends north-northwest–south-south-
east, from an intensive agricultural area southwest of Nephi, 
where the valley floor is nearly flat, abundant wells exist, and 
groundwater levels have declined by as much as 30 ft since 
1993 (see Groundwater Levels section), to Levan Ridge, 
where wells are sparse. In the northwestern part of the profile, 
the basin fill is composed primarily of fine-grained depos-
its, but coarse-grained deposits are present in several wells. 
In the southeastern part of the profile, basin-fill deposits are 
predominantly mixed to fine grained, and depth to groundwa-
ter is greater than in the northwestern part of the profile. The 
profile crosses the Levan Ridge groundwater divide between 
wells F3-05 and F3-02. The elevation and position of the di-
vide are not closely constrained here. Southwest of the divide, 
the profile trends toward the upper part of the Levan Ridge 
fan where groundwater levels increase markedly toward the 
range front (see Groundwater Levels section). The existence 
and location of the normal faults in the southeastern part of 
the profile are speculative. The faults are drawn based on the 
offset of the top of a thick section of mixed deposits between 
wells E3-30 and F3-05 and between wells F3-05 and F3-02, 
and on the apparent offset of the top of interpreted Tertiary 
volcanic or sedimentary rocks between wells F3-05 and F3-
02. The interpreted faults are along strike with a southwest-
northeast-trending section of the San Pitch Mountains range 
front, which could be defined by subsidiary strands of the 
Wasatch fault zone. Neither Witkind and others (1987) nor 
Hylland and Machette (2008) show Quaternary faults along 
this part of the range front but concealed Quaternary normal 
faults are likely present.

Profile E–E′ (plate 2) trends east-west along the topographic 
crest of Levan Ridge. The profile is approximately parallel 
to the groundwater divide, and between the past and current 
locations of the divide as interpreted by Bjorklund (1967) and 
this study, respectively (see Groundwater Levels section). The 
perplexing discordance in lithologic logs between well F2-01 
and wells F2-02 and F2-04 may be due to lack of reporting of 
relative proportions of different grain-size categories, and/or 
lumping of large depth intervals in the driller’s log of well 
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F2-01. The profile shows a transition from fine-grained depos-
its in the west to mixed-grain-size deposits in the east. Normal 
faults interpreted on either side of well F2-02 are based on off-
set of interpreted Tertiary volcanic or sedimentary rocks in the 
driller’s logs. The normal fault west of well F2-02 may be the 
same fault between wells E3-30 and F2-02 shown on profile 
D–D′. The normal fault, like the one between wells F3-02 and 
F4-02, is along strike with several Quaternary faults shown by 
Witkind and others (1987) and Hylland and Machette (2008).  
A single fault is shown on the profile, for simplicity. The steep 
westward slope of the groundwater table between wells F3-02 
and F4-02 is consistent with the presence of mixed-grain-size 
deposits, Tertiary volcanic and sedimentary rocks, and faults 
in this part of the alluvial fan, all of which likely result in 
lower transmissivity of the basin-fill deposits compared to 
younger unconsolidated deposits.

Profile F–F′ (plate 2) trends north-south from the west-central 
part of Levan Ridge to an area of intensive agricultural activ-
ity southwest of Levan, where irrigation wells are abundant 
and groundwater levels declined by as much as 40 ft from 
1993 to 2015 (see Groundwater Levels section). In the north-
ern part of the profile, in the distal part of the Levan Ridge 
alluvial fan, up to 140 ft of predominantly fine-grained depos-
its overlie mixed deposits. The upper ~250 ft of the southern 
part of the profile is composed of predominantly fine-grained 
deposits having lens-shaped deposits of coarse- and mixed-
grain-size deposits. Below about 250 ft depth, the basin fill is 
composed primarily of coarse- and mixed-grain-size deposits.  
Groundwater levels in most wells are higher than the screened 
intervals and overlying fine-grained deposits, indicating con-
fined conditions. Local perched conditions occur in the up-
per 100 ft of the basin fill, based on continuous monitoring of 
groundwater levels in wells southwest of Levan (see Ground-
water Levels section).

Profile G–G′ (plate 2) trends southwest from Levan to Chick-
en Creek Reservoir. Basin-fill deposits in the northeastern part 
of the profile have predominantly coarse and mixed grain size.  
This area is a composite alluvial fan built from the Pigeon 
Creek, Chicken Creek, and Spring Hollow drainages in the 
San Pitch Mountains. Groundwater levels are as much as 210 
ft below land surface at the northeastern end of the profile, 
and progressively shallow toward the southwest. Groundwa-
ter levels in the northeastern part of the profile declined by 
as much as 30 ft from 1993 to 2015 (see Groundwater Lev-
els section). Basin-fill deposits in the southwestern part of 
the profile are predominantly fine grained within about 150 
ft of land surface and are predominantly coarse and mixed 
grain size at greater depths. Groundwater levels are at or near 
the land surface in much of the southwestern one-third of the 
profile, which is a major discharge area in southwestern Juab 
Valley, though it contains many former springs that no longer 
flow. Seasonally flowing wells H2-S1 and H2-S2 are shown 
in the profile and are discussed in the Groundwater Levels 
section. March groundwater levels in this area declined by 
less than 5 ft from 1993 to 2015 based on available well data, 

but likely declined by greater amounts based on the overall 
reduction of surface discharge. Monitoring by the UGS indi-
cates seasonal fluctuations of as much as 15 ft in H2-S1. The 
southwestern end of the profile obliquely crosses the western 
mountain front between the West Hills and southwestern Juab 
Valley. Two interpreted normal faults shown on the profile are 
based on the offset of the top of interpreted Tertiary sedimen-
tary rocks between wells H1-02 and H1-08, and the substan-
tial increase in basin-fill thickness between wells H1-08 and 
H1-04. The existence and positions of these faults are based 
in part on geologic mapping by Clark (1990). The presence of 
Tertiary sedimentary rocks, normal faults, and low mean an-
nual precipitation in this area (figure 1 inset) collectively sug-
gest that little groundwater recharge occurs in the West Hills 
and, therefore, little if any groundwater moves from the West 
Hills into the basin fill.

Grain-size Maps

To examine spatial variations in average grain size of the basin 
fill, the relative proportion of fine-, mixed-, and coarse-grain-
size deposits were calculated for each well in the database for 
depth intervals of 0 to 100 ft, 100 to 200 ft, 200 to 300 ft, and 
300 to 400 ft (figure 10).

Considering the uncertainty in the drillers’ logs and averaging 
over significant depth intervals, the results can be interpreted 
to only show general spatial variations and temporal trends.  

Average grain size from 0 to 100 ft (figure 10A) is predomi-
nantly fine and mixed in the southwestern and western parts 
of the Mona Reservoir hydrogeographic area. Predominantly 
coarse- and mixed-grain-size deposits are present in the north-
eastern part of the Mona Reservoir hydrogeographic area, in 
the North Creek and Pole Canyon alluvial fans. Basin-fill de-
posits are generally coarse- and mixed-grain size in the proxi-
mal part of the Salt Creek alluvial fan in the eastern part of 
the Nephi hydrogeographic area, and the proportion of fine-
grained deposits increases toward distal parts of the fan. Ba-
sin-fill deposits in the southwestern part of the Levan Ridge 
hydrogeographic area are predominantly mixed- and fine-
grained, suggesting overall lower transmissivity than deposits 
of the Salt Creek and Willow Creek alluvial fans. Basin-fill 
deposits in the eastern part of the Levan hydrogeographic area 
are derived in large part from the fine-grained Arapien Forma-
tion along the western margin of the San Pitch Mountains, ac-
counting for the overall finer grain size than in the Salt Creek 
and Willow Creek alluvial fans.  

Based on well statistics (figure 8), the basin fill from 100 to 200 
ft depth (figure 10B) is the most-used part of the Juab Valley 
basin-fill aquifer. Sediments in this depth interval are predomi-
nantly fine grained and mixed in the northern part of the Mona 
Reservoir hydrogeographic area, similar to the deposits in the 
upper 100 ft (figure 10A). Basin-fill deposits in the Willow 
Creek alluvial fan and near Burriston Ponds in the southeastern 
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part of the Mona Reservoir hydrogeographic area are nearly en-
tirely coarse grained. Deposits of the Salt Creek alluvial fan in 
the eastern part of the Nephi hydrogeographic area are overall 
coarser than in the upper 100 ft. Basin-fill deposits in the south-
western Levan hydrogeographic area are also overall coarser 
grained than in the upper 100 ft. Coarse- and mixed-grain-size 
deposits occur as much as 5 miles southwest of Levan, just 
northeast of the discharge area.  

Fewer data are available from 200 to 300 ft in Juab Valley wells 
(figure 10C). Patterns are like those observed between 100 
and 200 ft: predominantly fine-grained in the northern Mona 
Reservoir hydrogeographic area and the southwestern Levan 
hydrogeographic area, and predominantly coarse-grained to 
mixed in the Salt Creek (eastern Nephi hydrogeographic area) 
and Chicken Creek-Pigeon Creek (northeastern Levan hy-
drogeographic area) alluvial fans. Coarse-grained and mixed 
deposits are present in the northeastern part of the Mona Res-
ervoir hydrogeographic area, in the North Creek alluvial fan.

Basin-fill deposits from 300 to 400 ft (figure 10D) are fine 
grained in the northern part of the Mona Reservoir hydrogeo-
graphic area, and predominantly coarse in the North Creek, 
Willow Creek, and Chicken Creek–Pigeon Creek alluvial fans.

Interpretation

Groundwater flow from the mouths of Salt Creek and Willow 
Creek to Burriston Ponds, and from the mouths of Chicken 
Creek and Pigeon Creek to Chicken Creek Reservoir flow 
paths suggested by Thiros and others (1996) likely occurs 
primarily between 100- and 300-ft depth where deposits are 
generally coarser grained than in the upper 100 ft. The Burris-
ton Ponds–southern Mona Reservoir and Chicken Creek Res-
ervoir discharge areas result from the combined effects of (1) 
lateral change from predominantly coarse- and mixed grain-
size deposits to finer-grained deposits in the upper 300 ft of 
the basin-fill aquifer, which forces groundwater to the surface, 
and (2) topographic depressions that cut down through the up-
per part of the basin-fill aquifer to intersect parts of the aquifer 
that accommodate basin-scale flow. These depressions likely 
formed during late Pleistocene or early Holocene time when 
surface flow along the valley-floor axis was more prevalent.

HYDRAULIC PROPERTIES

Introduction

Thiros and others (1996, p. 30–34) reported transmissivity es-
timates for the basin-fill aquifer from specific capacity tests (n 
= 76; values of 40 to 80,000 ft2/d), slug tests (n = 4; values of 
150 to 12,400 ft2/day), and two aquifer tests. One aquifer test 
reported a transmissivity of 242,000 ft2/day for a well in the 
west part of Nephi, and the other test reported a transmissivity 
of 4000 ft2/day for a well 4 miles southwest of Levan.  

Methods

We chose to calculate our own estimates of transmissivity 
from data on well drillers’ logs because Thiros and others 
(1996) did not provide a table of results, and many new wells 
have been installed in Juab Valley since the time of their re-
port. Approximately 34 of our 74 wells used for transmissivity 
estimates were installed after the time of Thiros and others’ 
(1996) report. We used the method of Mace (2001) to esti-
mate transmissivity from specific capacity reported on drill-
ers’ logs, excluding tests shorter than two hours and those that 
were performed using bailers.  

Data from longer-duration aquifer tests supplemented our 
compiled specific capacity estimates of transmissivity and 
added storativity estimates. We compiled the aquifer test 
data from drinking-water source protection studies and data 
provided by consulting firms. The longest and most detailed 
test we examined was a multi-well aquifer test conducted at 
the Young Living Lavender Farm east of Mona Reservoir. 
Bowen Collins and Associates conducted the 21-day con-
stant rate test, measuring groundwater levels in the pump-
ing well and four observation wells. We matched the Theis 
confined and Papadopulos-Cooper type curves to the raw 
aquifer test data.  

Results

Our transmissivity estimates of the Juab Valley basin-
fill aquifer from specific capacity data ranged from 14 to 
116,110 ft2/day (1.3–10,800 m2/day), the median value was 
1580 ft2/day (150 m2/day) and the geometric mean was 1165 
ft2/day (108 m2/day). Eighty-nine percent of the estimates 
were less than 7500 ft2/day (700 m2/day; table A2). Trans-
missivities from aquifer tests ranged from 3765 to 267,000 
ft2/day (350–24,800 m2/day; table A3). Figure 11 shows the 
transmissivity estimates, along with the areas of predomi-
nantly coarse- and mixed-grain-size basin-fill deposits gen-
eralized from figure 10, and the two transmissivity estimates 
from aquifer tests calculated by Thiros and others (1996, p. 
31). Most of the high-transmissivity wells are in the predom-
inantly coarse- and mixed-grain-size alluvial-fan deposits 
near the Wasatch and San Pitch range fronts, particularly the 
Willow Creek, Salt Creek, and Pigeon Creek–Chicken Creek 
fans. Some wells in the alluvial fans, however, have moder-
ate to low transmissivity estimates. Our estimates generally 
follow the magnitudes and spatial distribution of the esti-
mates of Thiros and others (1996), but direct comparison is 
difficult lacking a table of their results. In summary, figure 
11 illustrates the spatial variation of transmissivity in the 
Juab Valley basin-fill aquifer; however, the transmissivity 
estimates and the basin-fill composition proportions include 
significant uncertainties and generalizations so that the dia-
gram does not necessarily predict transmissivity at any par-
ticular location.
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Figure 11. Transmissivity estimates for the Juab Valley basin-fill aquifer calculated from data in drillers’ logs and aquifer test data. Zones of 
predominantly coarse-grained deposits at various depth ranges are derived from figure 10.   
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STRUCTURE

Introduction

Well-construction statistics summarized in the Groundwater 
subsection of the Hydrogeologic Setting section above show 
that current groundwater use is primarily in the upper 600 ft of 
the basin fill (figure 8). Analysis of the lithology and hydraulic 
properties of the basin fill in the previous section necessarily 
focused on this upper part of the Juab Valley basin fill. Pre-
vious work by Smith and Bruhn (1984) and Zoback (1992) 
show that the Quaternary-Tertiary fill of the syntectonic depo-
sitional basin below Juab Valley is as much as 5000 ft thick in 
places and is structurally complex. The large-scale structure 
of the basin fill is important to understand because (1) faults 
and thickness variations may influence regional groundwater-
flow patterns including recharge from bedrock to basin-fill 
aquifers and flow to springs and discharge areas, (2) the deep 
basin fill (i.e., below about 750 ft depth) may contain ground-
water that is hydraulically connected to the zone of current 
use, and (3) the total volume of saturated basin fill is an im-
portant factor in estimating changes in storage, and possible 
effects of increased groundwater pumping. Sparse deep well 
data requires the use of geophysics to estimate the basin-fill 
structure. Geophysical data provide estimates of the large-
scale thickness and geometry but, compared to well data, are 
less precise for thickness estimates and do not provide direct 
measurement of the lithology and groundwater conditions of 
the deep basin fill.

Methods

Well Data

Records of water wells in Juab Valley that penetrate the entire 
thickness of the basin fill are sparse. We interpreted basin-fill 
thickness from 37 of the driller’s logs examined for this study 
(figure 12), in which the driller checked “bedrock” at a partic-
ular interval and all intervals below, or indicated a particular 
lithology such as limestone, quartzite, or volcanic rock in the 
interval notes. These depth-to-bedrock estimates provide im-
portant constraints on model profiles of gravity data that show 
the basin-fill geometry. None of the 19 petroleum-exploration 
wells within the study-area boundary that have lithologic logs 
available from the Utah Division of Oil, Gas and Mining are 
on the Juab Valley floor.  

Gravity and Seismic-Reflection Data

Zoback (1992, figure 3) published a Complete Bouguer Grav-
ity Anomaly (CBGA) map for Juab Valley.  The data are sparse 
except along two detailed east-west traverses near Nephi, and 
her interpretations focused on the geometry of the Wasatch 
fault zone and the structure of bedrock below the basin fill.  
Zoback (1992, figure 7) constructed a two-dimensional model 
of basin-fill thickness from gravity data along an east-west 

profile through Nephi that coincides with a seismic-reflection 
profile that was published and interpreted in the same paper.  

Because the primary focus of this study is the basin-fill aquifer, 
and additional gravity data became available after Zoback’s 
(1992) work, the UGS undertook a new compilation of avail-
able gravity data and collected and processed new data. Grav-
ity data, including those collected by Zoback (1992), were 
downloaded from the Pan American Center for Earth and En-
vironmental Studies (PACES, 2012). This data set contains ar-
eas of sparse coverage in several parts of Juab Valley, includ-
ing Levan Ridge and adjacent areas to the north and south that 
are critical to this study. Christian Hardwick and Will Hurlbut 
of the UGS collected new gravity data (table A4) during 2016 
and 2017 to fill in the spatial data gaps. Hardwick processed 
the data and ensured consistency with the previously existing 
data. The result is a new CBGA map (figure 13) that repre-
sents the gravity field in the study area, corrected for local 
variations in elevation, topography, and crustal thickness, pro-
jected to a common reference plane. Variations in the CBGA 
reflect variations in density of subsurface rock and sediment, 
integrated over a range of depths from a few hundred feet to 
the base of the continental crust (about 15–19 miles below 
land surface). Changes in basin-fill thickness produce most 
of the variations in the CBGA field because they are closer 
to the surface and the density contrast between basin fill and 
bedrock is high. The CBGA field also reflects density varia-
tions in bedrock, at greater depths and longer wavelengths 
than the variations in basin-fill thickness. The basin-fill depth 
model has profiles that cross the entire width of the valley 
and, therefore, have data points on bedrock (i.e., zero basin-
fill thickness) at either end to account for possible variations 
in bedrock density on either side of the valley. The CBGA 
map shows that the basin fill is thickest below the geographic 
center of the valley from the Nephi airport (5 miles northwest 
of Nephi) to the north end of Chicken Creek Reservoir.  Basin 
fill thins north of the Nephi airport and thickens again below 
Mona and Mona Reservoir.  

Gravity Model Profiles

An important goal of this study was to construct an isopach 
map of the Juab Valley basin fill. This task required estimat-
ing basin-fill thickness from the CBGA field by combining 
the sparse well data with a network of two-dimensional grav-
ity model profiles (locations shown on figures 12 and 13).  
Zoback’s work (1992, figures 6 through 8) provided an ideal 
starting point with a detailed east-to-west gravity profile across 
the entire basin, along a seismic-reflection line for which she 
calculated and interpreted a depth section. The depth section 
(Zoback, 1992, figure 6) included the inferred base of the ba-
sin fill and two prominent reflectors within the basin fill, at 
about half the total basin-fill depth (reflection X) and near the 
base of the basin fill (Y). Zoback (1992, figure 7) constructed 
a two-dimensional gravity model of the basin-fill structure, 
and projected reflectors X and Y onto the profile but did not 
interpret details of the basin-fill reflections and stratigraphy.
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Figure 12. Gravity stations, model profiles, and wells for which depth to bedrock was interpreted from drillers’ logs.   



Utah Geological Survey34

39  52'30"

111 45'00"
o

o

111 52'30"o

39 52'30"o

39 45'00"o

39 37'30"o

39 30'00"

111 52'30"
o

111 45'00"
o

39 37'30"
o

39 45'00"o

111 37'30"
o

o

111 37'30"o

W
ES

T
H

IL
LS

LO
N

G
RI

DG
E

Salt
Cr

ee
k

Re
se

rv
oi

r
M

on
a

W
es

t C
re

ek

Currant
Creek

Burriston
Ponds

North Creek

Willow
Creek

Fourmile

Creek

Chicken

Creek

Pigeon Creek

Deep Creek

Little Salt
Creek

Chicken Creek
Reservoir

LEVAN   RIDGE

"

"""""""""""

""""""""""

Mona

Levan

132

132

28

78

28

I-15

0 3 6
km

0 3 6
miles

Explanation
Complete Bouguer Gravity
Anomaly

(mgal)

-235.827

-163.774

Gravity Station

UGS

PACES

Gravity Model Profile

Gravity profile (figure
14) and seismic-
reflection line

Used to construct
isopach map (figure 15)

Stream

Road

N

SA
N

   
 P

IT
C

H
   

 M
O

U
N

TA
IN

S

W
AS

AT
C

H
   

   
 R

AN
G

E

Figure 13. Grid of complete Bouguer gravity anomaly values for Juab Valley and adjacent areas.   
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Figure 14. Gravity model profile trending east-west through Nephi, along the seismic-reflection line published by Zoback (1992). Zoback’s 
(1992, figures 6 and 7) depth section and reflectors within (X) and near the base of (Y) the basin fill are shown. Profile location shown on 
figures 12 and 13.   

Figure 14 shows the two-dimensional gravity model con-
structed for this study along Zoback’s depth section of the 
seismic-reflection line. The depth section was scanned from 
the published manuscript (Zoback, 1992, figure 6) and im-
ported into the model as a background layer. Whereas Zoback 
(1992) used a single density contrast between basin fill and 
bedrock of 0.4 grams per cubic centimeter, the new models 
constructed for this study used a stepwise-increasing depth-
density model developed for the Basin and Range by the 
USGS (Saltus and Jachens, 1995) (figure 14). The boundaries 
between the density layers within the basin fill correspond to 
the prominent reflectors (X and Y) and the base of the basin 
fill shown on Zoback’s depth section (figure 14). The model 
fits the gravity data well, as shown by the low root-mean-
square error of 0.15, and closely fits Zoback’s depth section.  
Differences between the two models are mainly along the 
basin fill–bedrock contact and are attributed to the different 
density-contrast structures used in the two models.

Using this stepwise depth-density model and starting with 
the model profile along the seismic-reflection line, 12 addi-
tional model profiles were constructed through the Juab Val-

ley basin fill (locations on figures 12 and 13). Although rela-
tively poorly constrained by independent estimates of depth 
to bedrock, the models are internally consistent because they 
are based on the same assumptions and methodology, use the 
same depth-density model, and crossing models are exact 
matches at their tie points.  

Results

Interpretation of Seismic-Reflection Profile and 
Gravity Model

The X reflector in the seismic-reflection line as shown in the 
depth section (figure 14) (Zoback, 1992, figures 6 and 7) is in-
terpreted here to correspond to an unconformity between Qua-
ternary–upper Tertiary unconsolidated to semi-consolidated 
basin-fill deposits above, and middle Tertiary volcanic, volca-
niclastic, and sedimentary rocks below. The X reflector, there-
fore, divides the basin fill into upper and lower parts, referred 
to hereafter as the upper and lower basin fill, respectively. The 
contrast in degree of consolidation between the upper basin fill 
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and the volcanic rocks of the lower basin fill likely results in an 
abrupt contrast in density and seismic velocity along the con-
tact, producing the X reflector. The upper basin fill is as much 
as 2500 ft thick, and the total basin fill is as much as 6000 ft 
thick in the profile shown on figure 14. The lower basin fill is 
thickest below the geographic midpoint of the profile.

The Y reflector within the lower basin fill is interpreted here as 
the contact between middle Tertiary volcanic, volcaniclastic, 
and sedimentary rocks above and lower Tertiary sedimentary 
rocks below. The base of the basin fill in the gravity mod-
els is interpreted as the unconformity between lower Tertiary 
and Paleozoic sedimentary rocks. Similar interpretations have 
been presented for other published seismic-reflection lines 
that are constrained by borehole data and are from basins hav-
ing a similar geologic history to Juab Valley (Anderson and 
others, 1983, figure 6; Effimoff and Pinezich, 1986, figures 3, 
6, 8, and 9; Liberty and others, 1994; Evans and Oaks, 1996). 

Isopach Map

We created an isopach map of the Juab Valley upper basin fill 
as interpreted from the gravity model profiles (figure 15). The 
coordinates and elevations of points along the base of the up-
per basin fill were exported from each of the 13 model profiles 
into a text file that was converted into an ArcGIS point fea-
ture class. Exported points correspond to gravity data points 
projected orthogonally onto the profile lines, and additional 
points added to the contacts in the models. The thickness of 
the upper basin fill was derived by subtracting the elevations 
of the points along the contact from the land-surface eleva-
tions of the same points (either the elevation of the gravity 
survey points or the elevation of the land surface in the gravity 
model above the points added to the surfaces).

Isopach contours were drawn as lines in ArcMap based on the 
thickness values at the points exported from the models. An 
inverse-distance-weighted grid of the points was used to guide 
contour trends and spacing in areas of relatively high point 
density. The grid does not reflect the geologic structure of the 
basin near faults, the basin fill-bedrock contacts, or in areas 
of low point density (figure 15). The effects of these features 
on basin-fill thickness were interpreted during the contour-
drawing process.

Discussion

The upper basin fill ranges from 2000 to 3200 ft thick below 
the central part of Juab Valley. The axis of maximum thick-
ness trends west-northwest below the valley northwest of 
Nephi, north-south near Nephi and below Levan Ridge, and 
southwest to the south of Levan Ridge. The upper basin fill 
is thinner (less than 500 ft thick) along an east-west trend be-
low the southern part of Mona Reservoir, and a small area of 
thicker deposits (as much as 1800 ft thick) occurs below the 
northern part of Mona Reservoir. The upper basin fill thins 

abruptly in the hanging wall of the Wasatch fault zone near 
the eastern valley margin, and typically thins more gradually 
toward the western valley margin.  

Interpretation of the basin-fill stratigraphy imaged in the seis-
mic-reflection line has important implications for the hydro-
geology of Juab Valley. We are particularly interested in the 
depth to the base of the basin-fill aquifer. Sediments above X 
reflector are interpreted to comprise the upper basin fill com-
posed of younger, less dense (i.e., less compacted and less 
cemented) deposits that comprise the Juab Valley basin-fill 
aquifer.  It is important to note, however, that no wells in Juab 
Valley are sufficiently deep to penetrate the X reflector, and 
other types of geophysical data to support this interpretation 
are unavailable if they exist, so that the position of the base of 
the upper basin fill is not independently constrained.  

Saturated basin-fill sediments in hydraulic connection with 
the actively pumped part of the aquifer may exist at greater 
depths. The degree of compaction and cementation of the up-
per basin-fill sediments and, therefore, the transmissivity and 
storativity of the basin-fill aquifer, likely decrease with in-
creasing depth. The thickness of the upper basin fill shown on 
the isopach map (figure 15) is, therefore, a maximum estimate 
of the thickness of the transmissive part of the Juab Valley 
basin-fill aquifer.

The thickness variations in the upper basin fill are consistent 
with it having formed as a syntectonic basin during Basin and 
Range normal faulting. Most range-bounding normal faults 
in the Basin and Range generally strike north-south, and the 
axis of maximum basin-fill thickness trends parallel to them.  
Faults that strike approximately normal to the range-bounding 
faults and form subsurface bedrock ridges transverse to the 
predominant north-south structural and topographic grain are 
common. The east-west-trending zone of thin basin-fill deposits 
below the southern part of Mona Reservoir may correspond to 
a bedrock ridge localized by east-west-trending faults. Isopach-
contour patterns below and south of Nephi are characterized 
by multiple, subparallel loci of thick deposits. This pattern sug-
gests a complex buried horst-graben system. The area coincides 
with the intersection zone between the projected trend of the 
“Leamington tear fault” (Zoback, 1992, p. E3), a Mesozoic-
Cenozoic strike-slip fault zone, and the Wasatch fault zone. A 
segment boundary between the Nephi and Levan segments of 
the Wasatch fault zone also occurs here (Machette and others, 
1992; Hylland and Machette, 2008). Complex structure is ex-
pected in such a zone, along with related variations in basin-
fill thickness (Schlische and Anders, 1996). In cross section the 
thickest part of the lower basin fill is shaped like the keel of a 
sailboat and suggests a narrow graben below the valley center 
that cuts the lower basin fill but not the upper basin fill. Hurlow 
(2014) noted similar profiles in sedimentary basins in west-cen-
tral Utah. These older normal faults may have formed before 
and during eruption of the middle Tertiary volcanic rocks, con-
sistent with the interpretation of Best and Christiansen (1991) 
for west-central Utah and east-central Nevada. The Juab Valley 
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Figure 15. Isopach map of the Juab Valley upper basin fill from gravity model profiles. Gravity stations and profile locations are shown on 
figure 12. The data points shown here are the projections of the gravity data stations onto the profiles. The base of the upper basin fill is 
interpreted as an unconformity above Tertiary volcanic and volcaniclastic deposits that corresponds to the X reflector in the gravity model 
shown on figure 14 and the seismic-reflection depth section shown by Zoback (1992).   
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normal-fault-bounded sedimentary basin then expanded at the 
onset of Basin and Range faulting in Miocene time.

GROUNDWATER LEVELS

Introduction

Groundwater levels in wells can be interpolated to determine 
the potentiometric surface of groundwater. The potentiometric 
surface represents the gravitational potential and pressure of 
groundwater in an aquifer system. The potentiometric surface 
indicates the direction of groundwater flow, is one component 
necessary to calculate the amount of available groundwater 
in the aquifer, and the boundaries of the groundwater system.  
Climate change, groundwater pumping, and changes in dis-
charge may alter groundwater levels. By measuring ground-
water levels in wells, we can determine the changes in the 
aquifer storage and boundaries over time.

Previous Work

Bjorklund (1967, plate 2) published a groundwater-level map 
of Juab Valley between Levan and the northern end of the val-
ley, based on water levels measured in wells in 1965. Thi-
ros and others (1996, figure 8) published a groundwater-level 
map of Juab Valley based on water levels measured in wells in 
1993 (Steiger, 1995).  

Bjorklund (1967) and Thiros and others (1996) noted that a 
groundwater divide exists below Levan Ridge. Water levels 
north of the divide generally decrease toward Burriston Ponds 
and Mona Lake, and water levels south of the divide gener-
ally decrease toward Chicken Creek Reservoir. Few wells ex-
ist in the Levan Ridge area so the location and seasonal or 
long-term fluctuations (if any) of the groundwater divide are 
uncertain. Delineation of the groundwater divide relative to 
the surface-water divide is important because the groundwa-
ter divide roughly corresponds to the surface-water and ad-
ministrative divide between the Utah Lake and Lower Sevier 
basins (figure 1). Bjorklund (1967) placed the groundwater 
divide about one mile north of the latitude of Levan on the 
eastern margin of Juab Valley and about 3 miles north of the 
latitude of Levan on the western valley margin. Thiros and 
others (1996) measured just one water level in Levan Ridge 
and did not specify the location of the groundwater divide in 
their water-level map.

The USGS measures groundwater levels annually in early 
March in 30 wells in Juab Valley (figure 9A). The hydrographs 
for these wells indicate that groundwater levels have declined 
in much of Juab Valley since the time of Steiger’s (1995) thor-
ough water-level survey (figures 9B–O). Based on this obser-
vation Hugh Hurlow and Brittany Dame undertook a water-
level measurement campaign to quantify the magnitude and 
distribution of water-level changes throughout Juab Valley.

Methods

Groundwater Level Measurement

We measured water levels in 157 wells during March and ear-
ly April 2015, before the beginning of seasonal groundwater 
pumping for irrigation. We used steel tapes to measure water 
levels in inactive agricultural wells and in domestic wells that 
presumably had not experienced intensive use during the pre-
vious few hours. Depth-to-water measurements were accurate 
to within a quarter of an inch (6 mm). We carefully measured 
the height of the measurement point (typically the water-level 
port on the motor base or outer casing for irrigation wells, 
and the top of the outer steel casing for domestic wells) above 
land surface. We estimated land-surface elevation from 3.28-
ft (1-meter) resolution lidar data from 2013 and 2014 avail-
able from the Utah Automated Geographic Reference Center 
or using GPS having 0.3-ft-vertical resolution. We calculated 
depth to water from land surface by subtracting the height of 
the measuring point above land surface from the measured 
depth to water, and calculated water-level elevation by sub-
tracting depth to water from the land-surface elevation.

We measured water levels in 76 of the wells that Steiger 
(1995) measured, to aid direct comparison of the two data sets.  
Many of the wells measured by Steiger (1995) were plugged 
or could not be found. We did not measure water levels in 16 
of the wells that the USGS measures annually but added those 
measurements to our data set to prepare a water-level map.  
Water levels were comparable in 8 of the 11 wells measured 
by both parties. Differences are attributed to possible recent 
use unreported by the owner of two of the wells, and difficulty 
of measurement due to blocking of the tape near the water 
surface or condensation on the casing wall for the third. For 
these wells, we used the USGS measurements.

Potentiometric Surface Map

Contours of equal water-level elevation were hand-digitized 
in ArcMap, using a grid of water levels computed using the 
Inverse Distance Weighted algorithm as a guide in areas of 
comparatively dense well coverage. Contouring assumes that 
water-level contours are roughly parallel to, and are closely 
spaced near, the valley margins (i.e., flow is approximately 
perpendicular to the valley margins and water-level gradients 
are steep there). These boundary conditions are difficult to 
build into standard gridding algorithms, which is why the wa-
ter levels were hand-contoured.  

Groundwater Level Change

To derive changes in groundwater levels from the time of Thi-
ros and others’ (1996) study to 2015, we compared water lev-
els in wells measured during both studies. Of the 16 wells that 
the USGS measured in 2015 and the UGS did not, 15 were 
also measured in 1993. Thus, we compiled groundwater levels 
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for 91 wells that were measured in both 2015 and 1993. Con-
tours of water-level changes from 1993 to 2015 were hand-
digitized based on data from wells measured in both years.  
We chose not to subtract grids of water levels from the two 
studies due to grid inaccuracy near the valley boundaries and 
in areas having sparse data. 

We measured water levels in eight wells on and adjacent to 
Levan Ridge, six of which did not exist at the time of Steiger’s 
(1995) measurements. Although spatial coverage of ground-
water levels in Levan Ridge is still sparse compared to the Ne-
phi and Levan areas, it is greatly improved from the previous 
studies and the groundwater divide is better defined (albeit 
still somewhat uncertain). We measured water levels month-
ly in 15 unused wells from May 2015 to December 2018 to 
quantify seasonal and long-term trends in groundwater levels 
at and adjacent to the groundwater divide. We installed pres-
sure transducers set to hourly monitoring in wells in the Le-
van Ridge (F3-06), Levan (H2-S1), and West Creek (D3-41) 
hydrogeographic areas to provide a more detailed account of 
seasonal and annual fluctuations and trends in these areas.  

Christian Hardwick (UGS) performed transient electromag-
netic (TEM) measurements in the Levan Ridge area. The ob-
jective was to determine whether the method could be used to 
map groundwater levels below Levan Ridge where no wells 
exist. Measurements were made near several wells to calibrate 
measured groundwater levels with zones of high conductiv-
ity, and repeat measurements were made at 10 stations to de-
termine whether seasonal or annual changes in water levels 
could be detected.  

To characterize changes in Juab Valley groundwater levels in 
a different manner than the snapshot of changes from 1993 to 
2015, Hurlow applied simple linear regression to trends evi-
dent in the USGS long-term annual data. Later, we applied a 
Mann-Kendall test to the data to verify these trends with a 
more statistically robust approach.

During fieldwork in 2015 through 2017 in the southwest Le-
van hydrogeographic area, Hurlow noticed that some springs 
described by Thiros and others (1996), and several more 
shown on topographic maps, were dry year-round.  Seasonally 
flowing wells H2-S1 and H2-S2 were constructed in trenches 
20 to 30 ft below adjacent land surface. These observations 
suggested that declining groundwater levels led to widespread 
cessation of spring flow. Hurlow estimated the reduction in 
area having surface flow based on evaluation of the area of 
now-dry springs from current aerial imagery and comparison 
with springs noted on topographic maps.

Groundwater Storage Change

Using the groundwater-level-change map, we estimated 
groundwater storage change between spring of 1993 (Stei-
ger, 1995) and spring of 2015. Applying a similar approach 

to that described above, we also examined groundwater level 
changes between measurements of Bjorklund (1967) taken in 
the spring of 1965 and 1993 (Steiger, 1995). To estimate the 
amount of groundwater storage change between each time, we 
used the area of the basin-fill extent to calculate volume from 
groundwater level change. We summarized the volumetric 
analysis grids using zonal statistics of two polygons, cover-
ing the northern and southern areas of the valley. Zonal statis-
tics gave mean values of volumetric change for the north and 
south parts of Juab valley, which assumed pure water volume 
change and did not account for the volume of the aquifer. To 
measure the actual change in water volume, we multiplied the 
volume change by the storativity value of the aquifer, which 
is a summation of specific storage (confined portions of the 
aquifer) times aquifer thickness and specific yield (unconfined 
portions of the aquifer), based on the equation:

			   ∂V = S∂hA = ∂hA(Ssb+Sy) 	               (1) 
 
where:

		  S =	 storativity

		  Ss =	 specific storage (L-1)

		  b =	 aquifer thickness (L)

		  Sy =	 specific yield  ≈ effective porosity

		  ∂h =	 change in head (L)

		  ∂V =	 change in water volume (L3)

		  A =	 aquifer area (L2)  

The storativity of the aquifer is heterogeneous. Storativity 
values tend to be normally distributed (Neuman, 1982). To 
account for storage variability in the aquifer, we iteratively 
randomly sampled from a uniform normal distribution of stor-
age values having a domain between 0.0001 and 0.20. The 
range of storage values was based on ranges of values from 
aquifer tests and results of the calibrated USGS model (Thiros 
and others, 1996), and assumes that parts of the aquifer expe-
riencing groundwater declines are unconfined. The randomly 
sampled storage coefficient values were multiplied by the 
calculated volume change over 3000 iterations. The means of 
the resulting distributions divided by the years between each 
water level campaign gives estimates of groundwater storage 
change rates (ac-ft/yr).  

Inundation Changes

Inundation can be a good proxy for groundwater level chang-
es in Juab Valley because the surface water bodies in the val-
ley are predominantly fed by groundwater sources (Thiros and 
others, 1996). The term “inundation” is the amount of land 
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area covered by water. We calculated changes of inundation 
over time using the European Commission’s Joint Research 
Center (JRC) global surface water mapping layers (Pekel 
and others, 2016). The JRC data are the results of compari-
sons of monthly data between decades, showing changes in 
the extent and duration of water inundation. We also made a 
visual comparison of observations during fieldwork in 2015 
through 2018, examined aerial imagery, noted locations of 
now-dry springs shown on older topographic maps, and com-
pared physical descriptions and spring-flow rates published 
by Thiros and others (1996). Code for these calculations can 
be found at https://code.earthengine.google.com/0562f3f8697
4e42b3f520377d517f19e.

Results

Groundwater-Level Map for 2015

Figure 16 shows contours of water-level elevations from our 
work in 2015 and from 16 measurements by the USGS for 
wells that we did not measure. All these water levels are from 
wells having open or screened intervals in the basin-fill aquifer.  

Water-level contours west of Nephi form a complicated pat-
tern that likely reflects localized drawdown in this mixed agri-
cultural-residential area. From about 3 miles north of Nephi to 
Mona Reservoir, water-level contours are horseshoe-shaped 
and concave to the north. Contours in the northeastern part 
of the valley are parallel to the range front, and water-level 
elevations decrease toward the northeast part of Long Ridge 
north of Mona Reservoir.  

Water-level contours west and southwest of Levan are gener-
ally horseshoe-shaped and concave toward the southwest. Ar-
eas of anomalously high groundwater levels exist below and 
northwest of Levan, defined by two wells each. The well in 
southeast Levan is not in use, whereas the well in north Levan 
is pumped annually to irrigate fields to the north and west.  
The wells in Levan are deep irrigation wells, and their high 
groundwater levels relative to surrounding areas are difficult 
to explain.  Wells G2-05 and G2-28 northwest of Levan are 70 
and 60 ft deep, respectively, and may be in a perched aquifer 
above the main basin-fill aquifer.  

Water-level contours in the Levan Ridge area are horseshoe 
shaped and concave to the south below the crest of the ridge 
and to the south and are horseshoe shaped and concave to the 
north from the northern margin of the ridge to the north. The 
groundwater divide exists where the water-level surface is sad-
dle-shaped below the northern slope of the ridge. Water-level 
contours are very steep along the northern margin of Levan 
Ridge and along the range front east of the ridge.  Even with the 
increased number of water levels compared to previous studies, 
delineating the groundwater divide was somewhat uncertain and 
two reasonable alternatives were considered (figure 16). Figures 
17 and 18 show the preferred alternative (see discussion below).  

Groundwater-Level Changes from 1993 to 2015

Figure 19 shows the well locations and interpreted contours of 
valley-wide water-level declines. Groundwater levels declined 
from 1993 to 2015 in all but one of the wells (G3-25) measured 
in both years. Declines ranged from about 53 ft to less than 1 
foot and were greatest west of Nephi and southwest of Levan, 
where intensive pumping of groundwater for irrigation occurs. 
Groundwater levels declined by between 5 and 10 ft along the 
east margin of Mona Reservoir, and by as much as 25 ft north 
of Mona. Groundwater levels declined by as much as 53 ft, 
but more typically between 15 and 32 ft, west and northwest 
of Nephi. Only one well (F3-06) in Levan Ridge had measure-
ments in both 1993 and 2015 and showed a decline of 33 ft. 
Continuation of the contours of groundwater-level declines 
from the area south of Nephi through Levan Ridge, to the area 
north of Levan as shown on figure 20, is speculative.

Groundwater-Level Monitoring

In addition to measuring water levels and conducting sampling 
in spring 2015, we established monthly water-level monitoring 
of eight wells in and adjacent to the Levan Ridge hydrogeo-
graphic area (figures 20 and 21) to characterize the far-field 
effects of groundwater pumping in the Nephi and Levan hy-
drogeographic areas and determine whether the location of the 
groundwater divide changed long-term and/or seasonally. Two 
of these sites were wells that flow seasonally, so we measured 
the flow and the depth to water (figures 21 and 22).

In 2017 when the Division of Water Rights indicated they 
wished to continue the study, emphasizing the northern part of 
Juab Valley, we established monthly monitoring at four wells 
in the western part of the West Creek and southern part of the 
Mona Reservoir hydrogeographic areas (figures 21 and 23).  
These wells measure groundwater that flows to the east from 
Long Ridge, to the valley-floor discharge area that sources 
West Creek and Currant Creek which in turn provide surface 
flow into Mona Reservoir. In 2017 we also began monitor-
ing two seasonally flowing wells about 2 miles northeast of 
Chicken Creek Reservoir to document seasonal and long-term 
trends in the discharge area in the southwestern part of the 
study area.

Monthly groundwater levels in wells in and adjacent to the 
Levan Ridge hydrogeographic area show a variety of seasonal 
and long-term trends that in part reflect proximity to major 
areas of groundwater pumping (figure 21A). On the margins 
of the Levan Ridge hydrogeographic area, wells F2-08, G2-
24, and G2-25 show seasonal fluctuations related to ground-
water pumping for irrigation, superposed on declining trends 
of three or four years. Early September groundwater levels in 
well F2-08 declined steadily at a rate of 1.7 ft per year. In the 
central part of the Levan Ridge hydrogeographic area, wells 
F3-01 and F3-06 show little or no seasonal fluctuations. De-
spite its distance from areas of major groundwater pumping, 

https://code.earthengine.google.com/0562f3f86974e42b3f520377d517f19e
https://code.earthengine.google.com/0562f3f86974e42b3f520377d517f19e
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Figure 18. A) The Levan Ridge area showing transient electromagnetic (TEM) stations and alternative interpretations of water-level contours 
and groundwater divide. B) TEM stations in the Levan Ridge area showing depths (in feet) from land surface to upper and lower conductors 
from 2015 and 2016 surveys. C) TEM stations in the Levan Ridge area showing difference between water-level elevations (in feet) in wells 
and elevations of interpreted conductors, and differences in elevations (in feet) of upper and lower conductors from 2015 and 2016 surveys. 
D). Plot of differences between water-level elevations in wells and elevations of interpreted conductors from nearby TEM stations in the 
Levan Ridge area. E) Plot of differences in elevations of upper and lower conductors from 2015 and 2016 surveys in the Levan Ridge area.
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Figure 18 continued. A) The Levan Ridge area showing transient electromagnetic (TEM) stations and alternative interpretations of water-
level contours and groundwater divide. B) TEM stations in the Levan Ridge area showing depths (in feet) from land surface to upper and lower 
conductors from 2015 and 2016 surveys. C) TEM stations in the Levan Ridge area showing difference between water-level elevations (in feet) 
in wells and elevations of interpreted conductors, and differences in elevations (in feet) of upper and lower conductors from 2015 and 2016 
surveys. D). Plot of differences between water-level elevations in wells and elevations of interpreted conductors from nearby TEM stations in 
the Levan Ridge area. E) Plot of differences in elevations of upper and lower conductors from 2015 and 2016 surveys in the Levan Ridge area.
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Figure 18 continued. A) The Levan Ridge area showing transient electromagnetic (TEM) stations and alternative interpretations of water-
level contours and groundwater divide. B) TEM stations in the Levan Ridge area showing depths (in feet) from land surface to upper and lower 
conductors from 2015 and 2016 surveys. C) TEM stations in the Levan Ridge area showing difference between water-level elevations (in feet) 
in wells and elevations of interpreted conductors, and differences in elevations (in feet) of upper and lower conductors from 2015 and 2016 
surveys. D). Plot of differences between water-level elevations in wells and elevations of interpreted conductors from nearby TEM stations in 
the Levan Ridge area. E) Plot of differences in elevations of upper and lower conductors from 2015 and 2016 surveys in the Levan Ridge area.
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Figure 18 continued. A) The Levan Ridge area showing transient electromagnetic (TEM) stations and alternative interpretations of water-
level contours and groundwater divide. B) TEM stations in the Levan Ridge area showing depths (in feet) from land surface to upper and lower 
conductors from 2015 and 2016 surveys. C) TEM stations in the Levan Ridge area showing difference between water-level elevations (in feet) 
in wells and elevations of interpreted conductors, and differences in elevations (in feet) of upper and lower conductors from 2015 and 2016 
surveys. D). Plot of differences between water-level elevations in wells and elevations of interpreted conductors from nearby TEM stations in 
the Levan Ridge area. E) Plot of differences in elevations of upper and lower conductors from 2015 and 2016 surveys in the Levan Ridge area.
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Figure 18 continued. A) The Levan Ridge area showing transient electromagnetic (TEM) stations and alternative interpretations of water-
level contours and groundwater divide. B) TEM stations in the Levan Ridge area showing depths (in feet) from land surface to upper and lower 
conductors from 2015 and 2016 surveys. C) TEM stations in the Levan Ridge area showing difference between water-level elevations (in feet) 
in wells and elevations of interpreted conductors, and differences in elevations (in feet) of upper and lower conductors from 2015 and 2016 
surveys. D). Plot of differences between water-level elevations in wells and elevations of interpreted conductors from nearby TEM stations in 
the Levan Ridge area. E) Plot of differences in elevations of upper and lower conductors from 2015 and 2016 surveys in the Levan Ridge area.
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Figure 18 continued. A) The Levan Ridge area showing transient electromagnetic (TEM) stations and alternative interpretations of water-
level contours and groundwater divide. B) TEM stations in the Levan Ridge area showing depths (in feet) from land surface to upper and lower 
conductors from 2015 and 2016 surveys. C) TEM stations in the Levan Ridge area showing difference between water-level elevations (in feet) 
in wells and elevations of interpreted conductors, and differences in elevations (in feet) of upper and lower conductors from 2015 and 2016 
surveys. D). Plot of differences between water-level elevations in wells and elevations of interpreted conductors from nearby TEM stations in 
the Levan Ridge area. E) Plot of differences in elevations of upper and lower conductors from 2015 and 2016 surveys in the Levan Ridge area.

water levels in well F3-06 declined steadily at a rate of 2.2 ft 
per year, whereas well F3-01 showed no significant trends.  
Well F2-05 (depth 38 ft; well may be silted in) on the west-
ern margin of the Levan Ridge hydrogeographic area showed 
clear seasonal fluctuations but was dry after April 2017. Well 
F3-05 showed variable fluctuations and was pumped at times 
during 2016, and was re-developed during late 2017. After the 
re-development, groundwater levels in F3-05 showed a slight 
overall increasing trend based on limited data. On the south-
west margin of the agricultural area southwest of Levan, sea-
sonal fluctuations are superimposed on annual decline rates of 
0.33 ft per year at G2-25, 0.7 ft per year at G2-05, and 5 ft per 
year at G2-24, based on early March water levels.

The seasonally flowing wells in the southwestern part of 
the Levan hydrogeographic area (H2-S1; and H2-S2A and 
H2S2B) are 10-inch-diameter steel casing with two rectangles 
cut into their sides to allow flow (figure 22). The higher set of 
rectangles were likely cut first, then the lower set as ground-
water levels gradually declined. Both sites are set in south-
west-trending trenches about 20 to 30 ft below the local land 
surface, and flow enters a canal system that moves water to-
ward the northeast end of Chicken Creek Reservoir. We mea-
sured depth to water monthly, and flow in the trenches down-
stream of the wells monthly when possible. The wells flowed 
between early October 2017 and late April 2018, did not flow 
through the groundwater pumping season, and resumed flow 



47Hydrogeology, groundwater chemistry, and water budget of Juab Valley, eastern Juab County, Utah

Figure 19. Changes in Juab Valley groundwater levels from 1993 to 2015, including change values at anomalous wells and interpreted 
contours.
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Figure 20. Wells monitored monthly and both monthly (manually) and continuously (by pressure transducers). 
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Figure 21. 

Figure 21. Hydrographs for wells monitored for depth to water by the UGS. Well locations shown on figure 20. Groundwater elevations for 
A) the Levan Ridge subbasin, B) northeast of Chicken Creek Reservoir, and C) the West Creek subbasin south of Mona.
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in mid-October 2018 (figure 22C). Measured flow from well 
H2-S1 ranged from 45 to 70 gallons per minute, and the com-
bined flow from wells H2S2A and H2-S2B ranged from 2 to 
27 gallons per minute (figure 22C). Water levels in these wells 
declined by as much as 21 ft during the 2018 pumping season 
(figure 21B).  

Monthly groundwater levels in wells in the West Creek hydro-
geographic area showed a variety of seasonal responses, from 

slight in well C2-05 to dramatic in well D3-41 (figure 21C).  
Well D3-41 is about 50 ft from West Creek, which generally 
flows at that location from October or November through April 
or May. Water levels in D3-41 are likely closely tied to the stage 
of West Creek. During the 2017 pumping season, water levels 
in D3-41 declined by 11.5 ft. The greater decline during 2018 
(21.7 ft) was likely due in part to periodic pumping for stock 
watering (none occurred during 2017). At least two more years 
of data from these wells are needed to assess long-term trends.
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Figure 22.
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Figure 22. Seasonally flowing wells H2-S1 and H2-S2 northeast of Chicken Creek Reservoir in the southwest part of the Levan hydrogeographic 
area.  A) Well H2-S1. Note the temporary weir plate to measure flow rate is in the channel to the right of the pin flag. B)  Wells H2-S2A (left) 
and H2-S2B (right), which together comprise site H2-S2. The wells were not flowing at the time of the photograph (August of 2018). C) Flow 
records from H2-S1 and H2-S2.
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Figure 23. Change in surface-water classes from 1984–99 to 2000–19 based on Joint Research Centre European Commission (JRC) data. 
The surface classes represent the decadal transition of surface water conditions. Two-thirds of the surface-water areas either transitioned 
from seasonal inundation to dry (pink) or from full-year (permanent) inundation to seasonal inundation.
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Data from pressure transducers in wells F3-06, H2-S1, and D3-
41 are available from the UGS Groundwater Monitoring Data 
Portal (https://apps.geology.utah.gov/gwdp/). Water levels in 
well F3-06 in central Levan Ridge (figure 21) declined steadily 
from June 2015 to early June 2017, increased 0.7 ft during May 
2017, and resumed steady decline thereafter at about the same 
rate as before the increase. The overall rate of decline was 2.2 
ft per year during the period of record for the transducer. Well 
F3-06 is about 3.6 miles south of the southern end of the area 
of intensive irrigation pumping southwest of Nephi, and about 
4.2 miles north of the area of intensive irrigation pumping west 
and southwest of Levan. Three other wells are present within 
1.5 miles of F3-06; one (F2-04) is a domestic well and the other 
two (F2-02 and F3-02) support light-industrial operations but 
their use is significantly less than irrigation wells. The majority 
of drawdown in well F3-06 is likely due to pumping for irriga-
tion, and the lack of seasonal drawdown/recovery fluctuations 
is likely due to its distance from the pumping.

Water levels in seasonally flowing well H2-S1 about 5 miles 
southwest of Levan (figure 21) show the influence of pumping 
for irrigation, and the effects of having the rectangle cut in the 
outer casing which allows the well to flow from fall through 
late spring. The nearest irrigation wells are about 1.2 miles to 
the northeast. The transducer was installed in July 2017, and 
water levels showed fluctuations related to pumping variations 
likely related to watering and cutting cycles, superposed on an 
overall decline of about 12 ft until late September 2017, when 
water levels began to recover after pumping ended. Water lev-
els stabilized when the well flowed between mid-October 2017 
and April 1, 2018, the first day of irrigation season. Water levels 
declined by as much as 21 ft during the 2018 irrigation season. 
By combining the detailed water-level records with flow mea-
surements, we will be able to track long-term changes in this 
part of the Chicken Creek Reservoir discharge area.

Water levels in well D3-41 4.5 miles northwest of Nephi de-
clined by about 11 ft from late June to mid-September 2017, 
then increased through November 2017 (figure 21).  This well 
is in the southwestern part of the diffuse discharge area south-
west of Burriston Ponds, and about 70 ft west of West Creek. 
The nearest irrigation wells are about 2 miles to the southeast. 
West Creek ceased flowing at about the same time water levels 
in D3-41 began to decline. We did not keep a detailed record 
of flow in West Creek, however, and the degree of hydraulic 
connection between the well and stream is not known. Declines 
in groundwater levels and flow both likely result from ground-
water pumping to the south near Nephi. West Creek originates 
about 3.2 miles to the south-southwest on the valley floor, so all 
of its flow comes from groundwater seepage and, therefore, is 
likely to be affected by pumping.

Transient Electromagnetic Survey

Figure 18B shows station locations and interpreted depths 
to conductive layers or zones in Juab Valley. The TEM data 

typically define two discrete conductive layers within 400 ft 
of land surface. Figure 18B shows the depths below the land 
surface of the interpreted conductive layers at each station. 
Figures 18C and 18D show that the elevations of the inter-
preted conductors do not match groundwater levels at nearby 
wells. Groundwater in all but one of these wells (G2-05) is 
likely confined or semi-confined so that the water level is 
higher than the top of the saturated zone. The differences be-
tween water level and the highest conductive layer near well 
G2-05 is the lowest for the seven well-TEM station pairs. 
Figures 18C and 18D show that conductor elevations showed 
significant variation between seasons and years. Most, but 
not all, changes from March to June or July were negative, 
suggesting seasonal drawdown of a perched water table. 
The resistivity-depth models are used to interpret the time-
conductivity data from the surveys, providing the estimated 
depth to conductive layers.

Rates of Groundwater-Level Decline based on U.S. 
Geological Survey Data

Average rates of groundwater-level decline from 1999 (plus-
or-minus about two years) to present are 0.1 to 1.0 ft per year 
(four estimates) in the Mona Reservoir hydrogeographic area; 
1.0 to 2.1 ft per year (two estimates) in the West Creek hydro-
geographic area; 1.0 to 2.5 ft per year (four estimates) in the 
Nephi hydrogeographic area; 2.0 ft per year (one estimate) 
in the Levan Ridge hydrogeographic area; and 0.3 to 4.5 ft 
per year (six estimates) in the Levan hydrogeographic area 
(figure 9B; table 2). These estimates are based on simple lin-
ear regression; uncertainties are substantial, and the exact rate 
depends on the year chosen as the older endpoint.

Reduction in Size of Discharge Area, Southwestern 
Juab Valley

Based on comparison of observations during fieldwork in 
2015 through 2018, aerial imagery, locations of now-dry 
springs shown on older topographic maps, and physical de-
scriptions and spring-flow rates published by Thiros and oth-
ers (1996), the size of the groundwater discharge area along 
with spring flows and shallow groundwater levels have de-
clined substantially since 1993 (figure 19) in the southwestern 
part of the study area, when the majority of the data used for 
their study was collected. 

Analysis of the JRC inundation change data indicates a sig-
nificant shift to less inundation over time (figure 23). Most 
of the areas mapped focused on Mona and Chicken Creek 
Reservoirs. More than one-third of the areas mapped (figure 
23) have transitioned from seasonally inundated to only peri-
odically inundated. Another 31% has transitioned from per-
manently inundated to seasonally inundated, and 12% of the 
permanently inundated areas have transitioned to only peri-
odically inundated areas.

https://apps.geology.utah.gov/gwdp/
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Change in Groundwater Storage

Based on storage changes calculated using the 1993 and 2015 
potentiometric surface maps, groundwater storage change 
between 1993 and 2015 was on average 400 ac-ft/yr, with an 
estimated total loss of 7943 ac-ft. Note that the yearly deficit 
varies with water availability and water use, where there was 
less storage decline during years with higher-than-average 
precipitation. Water years with below average precipitation 
provide less recharge and require more pumping from stor-
age, resulting in a higher water budget deficit than for a water 
year with higher-than-average precipitation. It is worth not-
ing that despite higher-than-average precipitation occurring 
in the early 1980s, in 2011, and again in the 2019 water year, 
groundwater levels declined, and the volume of groundwater 
storage decreased. Water levels declined between 1965 and 
1993, as well as between 1993 and 2015, and groundwater 
levels and groundwater storage declined more rapidly be-
tween 1993 and 2015 than between 1965 and 1993. See the 
discussion of groundwater level changes and rates of ground-
water level decline for additional details describing these ob-
served changes.

Discussion

Excessive pumping in a groundwater basin can shift the 
groundwater divide relative to the surface water divide. In the 
case of Juab Valley, the surface water divide demarks the loca-
tion of an administrative boundary for water rights. Ground-
water managers need a clear understanding of the location of 
groundwater divides to best manage the groundwater resource 
relative to the surface water resources.

Levan Ridge Groundwater Divide

Alternative 1 for the water-level contours and position 
of the groundwater divide (see figures 16 through 18) is 
preferred for three reasons. (1) In the first alternative, the 
saddle-shaped area of water-level contours that defines the 
groundwater divide is immediately west of the Fourmile 
Creek alluvial fan, where presumably more groundwater 
flows west through the alluvial fan into the valley center 
than from bedrock to the north and south, resulting in a lo-
cal groundwater mound that flows either north or south. (2) 
The long-term groundwater-level decline observed in well 
F3-06 (see Groundwater-Level Changes from 1993 to 2015 
section below) is a far-field effect of pumping in the Levan 
area, whereas pumping in the Nephi area may have less ef-
fect on Levan Ridge due to an east-west zone of low trans-
missivity south of Nephi, defined by steep hydraulic gradi-
ents and closely spaced water-level contours (note increased 
contour intervals on figure 17). (3) Pumping at wells F2-02 
(a domestic well) and F2-04 (an industrial well) is not likely 
sufficient to produce the local cone of depression required 
by the second alternative.

Groundwater-Level Changes

The pattern of groundwater-level declines (figure 19) in-
cludes five apparently anomalous points. The water level in 
well B4-08 in northern Juab Valley declined by nearly 77 
ft, whereas declines in nearby wells were less than 5 ft. The 
anomalously large decline in well B4-08 may result from 
pumping before or during the water-level measurement, or 
localized low transmissivity. The water level in well E2-21 
northwest of Nephi declined by nearly 52 ft, whereas de-
clines in nearby wells ranged from 21 to 44 ft. Both water 
levels in E2-21 were measured by the USGS; therefore, we 
cannot explain the large difference between this and near-
by wells. The water level in well G3-25 in north Levan in-
creased by more than 30 ft and is the only water level in the 
study area that did not decline. In this well, condensation 
on the inside of the PVC standpipe may have affected the 
measurement which used a steel tape. The water level in well 
G2-22 west-northwest of Levan declined by nearly 46 ft us-
ing the UGS water-level measurement for 2015 but declined 
by only 14 ft using the USGS level measurement for March 
2015. The change in water level based on the UGS measure-
ment is more consistent with declines in nearby wells; how-
ever, we have no reason to doubt the USGS measurement. 
Figure 19 shows the water-level change based on the USGS 
measurements, but we cannot explain the anomalously low 
decline unless the well screen is silted in or located in a low-
transmissivity part of the aquifer. In the southwestern part 
of the Levan hydrogeographic area, the water level in well 
H1-09 declined by about 58 ft and the water level in well 
H1-10 declined by about 90 ft. These declines are substan-
tially greater than observed in wells just 1.5 to 2.5 miles to 
the northeast. Wells H1-09 and H1-10 are likely screened in 
Tertiary sedimentary rocks having low transmissivity, and/
or their water levels had not recovered from pumping during 
the previous several days.

Continuous monitoring of groundwater levels in wells F3-06 
(Levan Ridge, near the groundwater divide), H2-S1 (season-
ally flowing well southwest of the Levan agricultural area), 
and D3-41 (West Creek hydrogeographic area southwest of 
Burriston Ponds) provide even greater detail on groundwa-
ter-level fluctuations and trends. Water levels in well F3-06 
do not show seasonal drawdown and recovery cycles, but 
steady declines; nonetheless, these declines are likely re-
lated to groundwater pumping, and the seasonal fluctuations 
are damped by the distance from the pumping and the hy-
draulic diffusivity of the aquifer. Water levels in, and flow 
from, well H2-S1 respond strongly to groundwater pump-
ing southwest of Levan, ranging from flow as great as 70 
gallons per minute to water levels as much as 19 ft below 
the well’s outlet. Water levels in D3-41, along with flow in 
nearby West Creek, responded to pumping in the Nephi area 
2 to 4 miles to the southeast, showing as much as 11 ft of 
drawdown in the well and drying of the stream early in the 
irrigation season.
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GROUNDWATER CHEMISTRY

Introduction

We collected water samples for groundwater chemistry analy-
sis because it can indicate the quality of available water, as 
well as help us draw connections between streams, reservoirs, 
groundwater, and precipitation. We also measured carbon-14 
and tritium in groundwater to determine the age and travel time 
of groundwater in the Juab Valley system. Groundwater chem-
istry helped us determine the conceptual groundwater system.

Previous Work

Bjorklund (1967) and Thiros and others (1996) published 
major-solute, specific conductance, and total-dissolved-solids 
data for groundwater in Juab Valley.  Thiros and others (1996) 
collected and analyzed samples for stable isotopes. Miller 
(2020) examined trends of nitrate, arsenic, and dissolved sol-
ids in groundwater in northern Juab Valley, and indicated wa-
ter quality improvement since the 1970s.

Methods

Sample Collection

We collected water samples for analyses of major-solute 
concentrations and stable isotope (i.e., 2H and 18O) composi-
tions from 62 wells and 2 springs in 2015, and from 4 wells, 
4 springs, and 12 streams in 2017 (figure 24; table A5). We 
sampled 15 wells and 1 spring for tritium (3H) and 14C (table 
3). In 2018 and 2019, we collected stable isotope samples of 
precipitation, snowpack, soil water, streams, springs, flowing 
wells, and Mona Reservoir (figure 24; table A5).

Precipitation samples were collected approximately monthly 
at three sites, chosen to represent a range of elevation within 
the basin, and within and just outside of Juab Valley (figure 
24) for a total of 28 samples. Precipitation samplers consisted 
of a 2.5-gallon HDPE carboy, containing approximately 16 
ounces of mineral oil to prevent evaporation, connected to a 
funnel, and sitting in a 30-gallon garbage can with the lid in-
verted to aid in the collection of rain and snow (modified from 
those described by Ingraham and Taylor, 1991; Scholl and 
others, 1996). Snowpack, when present, was also collected at 
two of the three precipitation sites, for a total of nine samples. 
Precipitation and snow sample collection began September 
2018 and ended November 2019.

We installed two modified passive capillary samplers (PCAPS) 
to collect infiltrated snowmelt in the Wasatch Range (figure 
24).  The PCAPS used a design specified by Frisbee and others 
(2010). We dug soil pits and inserted fiberglass wicks coiled 
into a “fiddlehead” shape into the soil pit wall at two differ-
ent depths. The other end of the wicks was pulled through 

vinyl tubing connected to carboys containing approximately 
16 ounces of mineral oil to prevent evaporation, with each 
wick going to its own carboy. The carboys were kept in cool-
ers buried in the soil pits. We deployed the PCAPS in the fall 
of 2018, prior to the first snowfall, and left the samplers alone 
until retrieving them after the final snowmelt in the spring of 
2019. Overall, each carboy contained about 1 liter of water.

We collected stream samples from 44 sites in the Juab Valley 
catchment, including Currant Creek, North Creek, Bear Creek, 
West Creek, Fourmile Creek, Willow Creek, Salt Creek, Pigeon 
Creek, Chicken Creek, Deep Creek, and Little Salt Creek. Most 
sampling occurred in September and November 2018, and 
April 2019. We sampled Mona Reservoir at five sites within the 
reservoir and immediately downstream in Currant Creek (figure 
24), for a total of 19 samples between July 2018 and November 
2019. We sampled 65 wells, 8 of which were flowing, and 5 
springs from 2018 to 2019. Wells that were not actively being 
pumped or flowing were purged for 15 to 30 minutes depend-
ing on well diameter, and history of recent use if known. Spring 
samples were collected at the closest possible outflow point to 
the source, and stream samples were collected from clear flow-
ing water (i.e., not from eddies or stagnant pools).  

Samples for major-ion-concentration analyses were collected 
in clean bottles supplied by the laboratory; those for general 
chemistry were not filtered, and those for metals were filtered 
using a peristaltic pump and 0.45 µm filters. Samples for sta-
ble isotope composition analyses were filtered using 0.45 µm 
disc filters attached to a syringe, into 10 mL snap-cap vials 
leaving no head space. Samples for radiogenic isotope analy-
ses were collected in 0.5 L or 1 L amber plastic bottles, rinsed 
for several volumes by the flowing sample water and sealed 
with no head space. Samples for major solute concentrations 
were submitted to the Utah Public Health Laboratory; samples 
for 2H and 18O compositions were submitted to the Univer-
sity of Utah Department of Geology and Geophysics Stable 
Isotope Ratio Facility for Environmental Research (SIRFER) 
laboratory; samples for tritium analyses were submitted to the 
University of Utah Department of Geology and Geophysics 
Dissolved and Noble Gas Laboratory; and samples for 14C 
analyses were submitted to the Brigham Young University 
Department of Geology for preparation and submitted to the 
University of Georgia AMS facility for analysis.

Bayesian Mixing Model

Bayesian mixing models create probability density functions of 
the mixing ratios of sources contributing to mixture, giving the 
probable percent contribution of each source. We used scripts 
modified from HydroMix (Beria and others, 2020) to conduct 
a mixing model between snow and rainwater samples. We ran 
HydroMix for 20,000 iterations. For the end members of the 
mixing analysis, we used isotope values from snow, rain, and 
soil water samples. We estimated the contributing percentages 
of snow and rain to groundwater and Currant Creek samples. 
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Figure 24. Location and site type of Juab Valley water chemistry samples.
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Well IDa 3H (TU)b A  (pmC)c d13C A0
d 14C Age (yr)e LPMf  

Age (yr)
B3-17 0.1 41.36 -7.89 36.9 modern -
C3-19 1.14 36.37 -8.2 38.3 modern -
C3-28 0.2 34.22 -9.50 41.8 2200 ± 1300 -
D3-43 2.4 56.26 -9.67 44.8 modern -
D3-58 4.0 94.17 -13.60 84.7 modern -
D3-80 5.6 57.99 -9.00 39.7 modern -
E2-27 0.2 21.49 -10.30 45.1 6500 ± 700 -
E3-09 4.0 100.46 -14.00 60.5 modern -
F2-02 0.6 7.44 -9.70 42.6 15,000 ± 700 -
F3-02 0.6 41.83 -10.70 46.7 1200 ± 300 -
F4-02 1.0 38.86 -10.10 44.5 1800 ± 800 -
G3-06 3.7 42.33 -8.50 37.7 modern 181
G3-14 4.5 48.84 -10.90 47.7 modern 108
H2-25 2.0 53.71 -9.40 41.7 modern 210
H2-S1 0.2 10.13 -6.60 29.7 10,400 ± 1800 17,700
H3-07 3.4 57.57 -9.50 41.8 modern 202

a Well identification numbers in boldface are included in the southern traverse model (figures 36 and 37).		
   using the Lumped Parameter technique.						    
b TU is Tritium Units.						   
c A is measured percent modern carbon of sample.						    
d A0 is percent modern carbon at time of recharge to groundwater table.
e Age derived from Fontes and Garnier model (Fontes and Garnier, 1979).
f Lumped parameter modeling						    
 - Model not calculated.						    

Table 3. Analytical and modeling results for radiogenic isotopes.

Results and Discussion

Temperature 

Groundwater temperature, measured using a multiparameter 
meter during sampling, varied from 9° to 24°C (figure 25).  
Groundwater temperatures are overall cooler in the eastern 
and central parts of the Nephi and Mona Reservoir hydrogeo-
graphic areas; however, the warmest measured temperatures 
in the study area occurred in the west to central parts (figure 
25). The mean groundwater temperature was 13.4°C and the 
median groundwater temperature was 13.1°C (figure 25).

Major Solute Chemistry and Total Dissolved Solids

Mona Reservoir Hydrogeographic Area (HA): Groundwa-
ter composition in the Mona Reservoir hydrogeographic area 
is mainly magnesium-bicarbonate type, and compositionally 
trends toward increasing sodium and chloride (figure 26).  Cal-
cium is the predominant cation in the northern half of the hy-
drogeographic area and sodium is the predominant cation in 
the southern half (figure 27). Bicarbonate is the predominant 
anion throughout, though some samples have significant sul-
fate (figure 27). Total-dissolved-solids (TDS) concentrations 
range from 232 to 786 mg/L, and values are greater in the 
southern part than in the northern part (figure 28). The samples 
having greater proportions of sodium have the higher TDS 

values. Surface water has proportionately less sodium and 
chloride than groundwater (figure 26), bicarbonate is the pre-
dominant anion (figure 27), and TDS concentrations are lower 
(figure 28).

West Creek HA: Groundwater composition in the West Creek 
hydrogeographic area is mixed SO4, Cl, Ca, Mg type (figure 
26). Cations of sodium and magnesium occur in roughly equal 
abundance, as do anions of chloride, bicarbonate, and sulfate.  
TDS concentrations range from 540 to 1204 mg/L (figure 28).  
Surface-water flow in West Creek is seasonal. One surface-
water sample collected from West Creek in April 2017 (D2-
11) has generally similar composition to groundwater samples 
collected in 2015 and 2017.

Nephi HA: Groundwater composition in the Nephi hydrogeo-
graphic area is mainly magnesium-bicarbonate type, and com-
positionally trends toward increasing sodium and chloride 
(figure 26). Calcium and sodium occur in roughly equal pro-
portions (figure 27). Bicarbonate is the predominant anion in 
the eastern part of the hydrogeographic area, whereas chloride 
is the predominant anion in the western part (figure 27). TDS 
concentrations range from 408 to 1230 mg/L and are overall 
greater than in the Mona Reservoir hydrogeographic area (fig-
ure 28). Surface water has sodium and chloride proportions in 
the middle of the range observed for groundwater (figure 26), 
bicarbonate is the dominant anion, and TDS concentrations 
are lower than for groundwater (figure 28).
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Figure 25. Groundwater temperatures measured during chemical sampling in 2015 and 2017. See table A5 for data.
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Levan Ridge HA: Groundwater composition in the Levan 
Ridge hydrogeographic area is like that in the Mona Reser-
voir and Nephi hydrogeographic areas: mainly magnesium-
bicarbonate type, compositional trends are toward increasing 
sodium and chloride, and calcium is the predominant cation.  
Bicarbonate is the predominant anion in the eastern part of 
the Levan Ridge hydrogeographic area, whereas chloride is 
the predominant anion in the western part (figure 27). TDS 
concentrations range from 340 to 472 mg/L, lower than the 
Mona Reservoir, West Creek, and Nephi hydrogeographic 
areas (figure 28). Compared to groundwater, surface water 
(one sample) has lower sodium and chloride (figure 26), bi-
carbonate is the predominant anion (figure 27), and TDS is 
lower (figure 28).

Levan HA: Groundwater composition in the Levan hydro-
geographic area is notably different from that in the other four 
hydrogeographic areas. Groundwater is mainly mixed calcium- 
and magnesium-bicarbonate type, with a wider range of propor-
tions. Compositional trends are toward increasing sodium and 
sulfate. Calcium is the predominant cation in the northeastern 
part of the hydrogeographic area, whereas sodium is more prev-
alent in the southwestern part. Sulfate is the predominant anion 
(figure 27). TDS concentrations range from 500 to 2626 mg/L 
(figure 28). Compared to groundwater, surface water has sig-
nificantly lower sodium and chloride (figure 26), bicarbonate 
is the predominant anion (figure 27), and TDS is substantially 
lower (figure 28). The preceding description disregards sample 
G2-15, an industrial supply well for a coal-loading facility that 
has substantially different composition and greater TDS than all 
other samples analyzed for this study.

Figure 26. Piper diagram for groundwater and surface water samples collected in 2015 and 2017, categorized by hydrogeographic area and 
site type. See table A5 for data. 
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Figure 28. TDS concentrations of groundwater and surface water samples collected in 2015 and 2017.
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Statistical evaluation: Statistical analysis of the major solute 
data from groundwater and surface-water samples followed 
methods outlined by Guler and Thyne (2006) and Kirby 
(2012), using software packages in R (Anglim, 2009; Quick, 
2012; Kodali, 2016). This approach quantifies chemical varia-
tions in groundwater and surface water without the bias of 
pre-determined geographic or other delineations and estab-
lishes a data set for process-based analyses in the continuation 
of this project.

Principal component analysis identified three statistically sig-
nificant factors that together account for 69% of the observed 
variance in the solute data (table 4). Factor 1 is predominantly 
sulfate, magnesium, and calcium; factor 2 is predominantly 
sodium and chloride; and factor 3 is bicarbonate, carbonate, 
and calcium (table 4). These factors describe the primary 
compositional differences among our groundwater samples 
from Juab Valley and surface-water samples from the Wasatch 
Range and the San Pitch Mountains.  

Cluster analysis identified five statistically distinct composi-
tional groups (table 5; figures 29 and 30). Clusters 1, 2, 3, 
and 5 are magnesium-bicarbonate type water, and cluster 4 
is mixed magnesium-calcium-sulfate-bicarbonate type water 
(figure 29C). Cluster 2 has distinctly the lowest concentra-
tions of sodium, chloride, and sulfate, whereas clusters 1, 3, 
and 5 differ primarily by their sodium concentrations, and 
cluster 4 has a distinctly higher sulfate concentration. Cluster 
2 has the distinctly lowest mean TDS concentration, whereas 
cluster 4 has the highest.

Cluster 1 composition water has the widest geographic dis-
tribution and occurs in all five hydrogeographic areas, pre-
dominantly but not exclusively in the western part of the 
valley (figure 30). Cluster 2 composition water occurs ex-
clusively in the northeastern part of the Mona Reservoir hy-
drogeographic area and in surface water. Cluster 3 composi-
tion water occurs in the southern half of the Mona Reservoir 

hydrogeographic area and the central West Creek hydrogeo-
graphic area, and in two surface-water samples in the Levan 
hydrogeographic area (Little Salt Creek and Pigeon Creek). 
Cluster 4 composition water occurs in the southeastern part 
of the Mona Reservoir hydrogeographic area, the eastern 
part of the West Creek and Nephi hydrogeographic areas, 
and throughout the Levan hydrogeographic area. Cluster 5 
composition water occurs exclusively in the eastern part of 
the Nephi hydrogeographic area.

Statistical analysis of major-solute data identifies five distinct 
clusters, or composition types (figure 30). Cluster 2 has dis-
tinctly lower Mg-Ca-SO4 content; clusters 2, 3, and 5 are Mg-
HCO3 type and have comparatively greater Na, Ca, and SO4 
content; and cluster 4 is mixed Mg-Ca-HCO3-SO4 type. Clus-
ter 2 composition water occurs mainly in the northeastern part 
of the valley and in mountain streams and reflects chemical 
interaction with Paleozoic carbonate rocks and Mesozoic si-
liciclastic rocks. Cluster 2, 3, and 5 composition water occurs 
in the central part of the valley and reflects chemical interac-
tion with Paleozoic carbonate and Arapien Formation bedrock 
and sediment in varying proportions. Cluster 4 composition 
water occurs mainly in the southeastern part of the valley and 
reflects comparatively more dissolution of gypsum from the 
Arapien Formation and its sediments.

The numbers of samples in each cluster reflect sampling bias 
and do not necessarily represent the relative proportions of 
volume or area of the different cluster compositions. Surface 
water is almost exclusively cluster 2 composition. Surface 
water samples having cluster 3 or 4 composition are down-
stream of active gypsum mines.

The compositions and spatial variations of major-solute con-
centrations in groundwater and surface water in Juab Valley re-
flect the dominant sedimentary-rock composition in the moun-
tains bounding the east side of the valley and the corresponding 
mineralogic composition of detritus in the basin-fill sediments. 
Bedrock in the mountains immediately east of Juab Valley and 
the basin-fill sediment in the adjacent part of the valley is (a) 
predominantly limestone in the northeastern quarter of the 
study area, (b) a mixture of limestone, siliciclastic sedimen-
tary rocks, and the Arapien Formation in the central quarter, 
and (c) predominantly Arapien Formation in the southeastern 
half of the study area. Magnesium-bicarbonate-type water in 
the northern part of the Mona Reservoir hydrogeographic area 
reflects chemical interaction of groundwater with limestone 
and dolomite in the Wasatch Range and basin-fill sediments 
derived from them. Major-solute compositions in the southern 
part of the Mona Reservoir hydrogeographic area and in the 
West Creek, Nephi, and Levan Ridge hydrogeographic areas 
represent chemical interaction of groundwater with a mixture of 
limestone, dolomite, gypsum, and halite (the latter two derived 
from the Arapien Formation). Major-solute compositions in the 
Levan hydrogeographic area represent chemical interaction of 
groundwater with gypsum and halite. Variations in groundwater 
composition observed on the Piper diagrams within individual 

Solute Factor 1 Factor 2 Factor 3
Sodium 0.26 0.90 -

Potassium - - -
Calcium 0.73 0.18 0.30

Magnesium 0.80 0.35 0.12
Chloride 0.10 0.99 -

Bicarbonate 0.13 - 0.99
Carbonate 0.31 - 0.35

Sulfate 0.99 - -
Sum of Squares Loadings 2.36 1.95 1.22
Proportion of Variance 0.30 0.24 0.15
Cumulative Variance 0.30 0.54 0.69

Table 4. Results of principal component analysis of Juab Valley 
major-solute data.
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hydrogeographic areas and in the data as a whole (figures 26 
and 29C, respectively) illustrate these trends. Thiros and others 
(1996) confirmed these basic conclusions using mineral-equi-
librium modeling of groundwater compositions.

Statistical analysis of major-solute compositions provides 
additional confirmation of the basic conclusions above. The 
three factors derived from principal component analysis have 
the dominant compositions (1) Ca, Mg and SO4, reflecting 
dissolution into groundwater of gypsum from Arapien Forma-
tion bedrock and/or detritus in the basin fill derived from it; 
(2) Na and Cl, reflecting dissolution into groundwater of ha-
lite from Arapien Formation bedrock and/or detritus; and (3) 
HCO3, CO3, and Ca, reflecting dissolution into groundwater 
of calcite and dolomite in Paleozoic limestone bedrock and/
or detritus.

The mean solute concentrations and spatial variations of 
mean cluster compositions reflect the north-to-south varia-
tions in bedrock and adjacent basin fill in the ranges bound-
ing Juab Valley to the east, as described above. Mean TDS 
concentrations of the clusters are correlated with mean Na 
and Cl and/or SO4 concentrations, reflecting progressively 
changing composition due to mineral dissolution during 
groundwater recharge and flow.

Table 5. Results of cluster analysis.

Cluster N Wells Springs Streams
TDS (mg/L) Average of 

Std DevsMean Dev (%)

1 24 23 1 0 672 74 1.78

2 14 7 0 7 264 16 2.56

3 11 5 2 4 560 26 1.55

4 28 26 1 1 1030 25 1.92

5 6 6 0 0 852 6 1.09

Cations (mg/L)

Cluster
Sodium Potassium Calcium Magnesium

Mean Median Std Dev Mean Median Std Dev Mean Median Std Dev Mean Median Std Dev

1 65.01 55.42 2.23 4.05 4.22 1.87 70.49 64.72 1.42 38.08 32.30 1.54

2 9.90 11.02 2.19 0.85 1.28 3.29 53.56 54.33 1.23 23.82 23.10 1.33

3 70.55 95.58 1.78 2.08 1.88 1.59 71.65 74.44 1.15 27.96 28.22 1.34

4 75.94 78.26 1.81 3.55 2.76 2.63 143.46 148.41 1.32 63.59 62.49 1.38

5 129.67 131.63 1.04 4.28 3.97 1.13 127.74 134.96 1.15 38.03 38.28 1.04

Anions (mg/L)

Cluster
Chloride Bicarbonate Carbonate Sulfate

Mean Median Std Dev Mean Median Std Dev Mean Median Std Dev Mean Median Std Dev

1 130.43 135.64 2.65 217.93 207.47 1.25 106.43 101.49 1.25 58.02 49.40 2.03

2 8.44 9.25 1.75 239.33 238.65 1.21 17.59 36.42 7.98 35.67 37.15 1.46

3 95.32 125.21 1.92 272.90 273.14 1.12 1.22 1.00 1.95 71.33 75.19 1.57

4 109.75 111.61 1.78 299.29 288.59 1.19 101.02 141.17 3.71 342.43 363.22 1.56

5 209.21 203.36 1.08 415.72 417.80 1.04 205.07 206.44 1.04 86.34 86.06 1.19

Stable Isotopes

Stable-isotope compositions are expressed as δ2H and δ18O 
in per-mil units (‰), which represents the difference between 
the sample and globally accepted standard compositions. Sta-
ble-isotope compositions of groundwater and surface-water 
samples collected in 2015 and 2017 (table A5) generally vary 
from less negative (more enriched in the heavier isotopes, i.e., 
containing a relatively greater proportion of water molecules 
having the 2H and 18O isotopes) in the east to more negative 
(more depleted, i.e., containing a relatively lower proportion 
of water molecules having the 2H and 18O isotopes) in the 
west (figure 31). Several variations cause the trend to devi-
ate toward the west or east. For example, samples from the 
Burriston Ponds and an adjacent well, and from northeast of 
Nephi are more enriched than samples from areas to the north 
and south, whereas surface and groundwater samples from the 
central part of the San Pitch Mountains are more depleted than 
samples from areas to the north and south. Several other local-
ized complications in the trend exist but the overall pattern 
shows westward-decreasing δ2H and δ18O values.

Stan Smith of the UGS analyzed the groundwater samples col-
lected in 2015. The compositional ranges of the 2015 samples 
for δ2H and δ18O are -131.0 to -112.8‰ and -17.2 to -14.2‰, 
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Figure 29. Results of cluster analysis of Juab Valley chemical samples collected in 2015 and 2017. A) Plot of sum of squares of residuals 
versus number of clusters used to determine the optimum number of clusters in the analysis. The curve shows pronounced slope changes 
at 3 and 5 clusters. Increasing from 3 to 5 clusters reduces the sum of squares by about 33%, whereas increasing to more than 5 clusters 
reduces the sum of squares only slightly. B) Cluster dendrogram showing cluster assignments of each sample. C) Piper diagram of mean 
solute concentrations of clusters (table 5). The size of the square centered on the mean composition points is proportional to the average of 
the TDS concentrations of each cluster.  The diameter of the circle around the mean composition points is proportional to the average of the 
standard deviations of the mean solute concentrations for each cluster, providing a measure of the compositional variance in each cluster. 

respectively. The means and standard deviations of δ2H and 
δ18O are -122.5 ± 3.1‰ and -16.2 ± 0.5‰, respectively. The 
inset on figure 31A shows stable isotope compositions of the 
water samples (61 wells and 2 springs), mean weighted sum-
mer and winter precipitation, and the local meteoric water 
line (LMWL). The LMWL is based on a robust linear model 
(RLM) regression for stable isotopes of precipitation collect-
ed during this study. The slope and y-intercept of the LMWL 
in Juab Valley are 7.53 ± 0.09 and 1.64 ± 1.49‰, respectively, 
with an r-squared value of 0.99. The LMWL was checked 
against distance-weighted values interpolated from precipita-
tion data collected in Delta and Price, Utah (Friedman and 
others, 2002), which has a slope and intercept of 7.8‰ and 

5‰, respectively. The LMWL intersects the groundwater 
data. Winter precipitation is generally slightly more depleted 
(i.e., more negative values of δ2H and δ18O) than groundwa-
ter samples, whereas summer precipitation is much more en-
riched relative to groundwater. 

Several samples plot below the LMWL, representing evap-
orative enrichment of samples having a small range of start-
ing δ2H values (-46.6‰ to -40.0‰) (figure 32). Most of 
these samples were surface water, representing stream and 
reservoir sites. Linear regression analysis of the surface-
water isotope data gives the slope of the local evaporation 
line (LEL). The slope and intercept of the LEL is 4.83 ± 

B.

A.
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Figure 29 continued. Results of cluster analysis of Juab Valley chemical samples collected in 2015 and 2017. A) Plot of sum of squares of 
residuals versus number of clusters used to determine the optimum number of clusters in the analysis. The curve shows pronounced slope 
changes at 3 and 5 clusters. Increasing from 3 to 5 clusters reduces the sum of squares by about 33%, whereas increasing to more than 5 
clusters reduces the sum of squares only slightly. B) Cluster dendrogram showing cluster assignments of each sample. C) Piper diagram of 
mean solute concentrations of clusters (table 5). The size of the square centered on the mean composition points is proportional to the average 
of the TDS concentrations of each cluster. The diameter of the circle around the mean composition points is proportional to the average of 
the standard deviations of the mean solute concentrations for each cluster, providing a measure of the compositional variance in each cluster. 

C.

0.09 and -42.85 ± 1.39‰, respectively, with an r-squared 
value of 0.989. The slope compares well to the value of 
4.663 estimated for the area near Mona Reservoir (Bowen 
and others, 2018). The intersection between the evapora-
tion regression lines and the LMWL is at -16.5‰ for δ18O 
and -122.4‰ for δ2H, which is very slightly more depleted 
than the mean groundwater values of -16.13 ± 0.06‰ for 
δ18O and -121.45 ± 0.35‰ for δ2H. The near intersection 
of the LEL with the mean groundwater concentration indi-
cates that Currant Creek and Mona Reservoir water is pri-
marily derived from groundwater, with a minor component 
of precipitation.

Most groundwater samples are more enriched than winter pre-
cipitation, with the offset in δ2H values approximately 8‰. 
The weighted Bayesian mixing model yields different mixing 
proportions when using the snow and soil water derived from 
snowmelt stable isotope compositions as inputs. For the snow 
isotopic compositions, the model estimates that groundwater is 
composed of 78% snow and 22% rain. For the soil water com-
position, the model estimates 90% soil water and 10% rain. The 
difference in model results may be due to sampling technique 
or, more likely, the isotopic evolution of snowpack and snow-
melt prior to and during infiltration. The soil water samples 
were more enriched than the snow samples we collected.
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Figure 30. Cluster assignments of groundwater and surface water samples collected in 2015 and 2017 (table 5).  
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Figure 31. A) Sites where stable isotope data were collected, symbolized by site type. Inset plot shows ratio of stable isotopes of hydrogen and 
oxygen of all the samples collected for the study. B) Location and δ2H and δ18O compositions for Juab Valley surface water and precipitation 
samples. Inset plot shows ratio of stable isotopes of hydrogen and oxygen of surface water and precipitation samples collected for the study. 
C) Location and δ2H and δ18O compositions for Juab Valley groundwater samples. Inset plot shows ratio of stable isotopes of hydrogen and 
oxygen of the groundwater samples collected for the study.  
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Figure 31 continued. A) Sites where stable isotope data were collected, symbolized by site type. Inset plot shows ratio of stable isotopes of 
hydrogen and oxygen of all the samples collected for the study. B) Location and δ2H and δ18O compositions for Juab Valley surface water and 
precipitation samples. Inset plot shows ratio of stable isotopes of hydrogen and oxygen of surface water and precipitation samples collected 
for the study. C) Location and δ2H and δ18O compositions for Juab Valley groundwater samples. Inset plot shows ratio of stable isotopes of 
hydrogen and oxygen of the groundwater samples collected for the study.  
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Figure 31 continued. A) Sites where stable isotope data were collected, symbolized by site type. Inset plot shows ratio of stable isotopes of 
hydrogen and oxygen of all the samples collected for the study. B) Location and δ2H and δ18O compositions for Juab Valley surface water and 
precipitation samples. Inset plot shows ratio of stable isotopes of hydrogen and oxygen of surface water and precipitation samples collected 
for the study. C) Location and δ2H and δ18O compositions for Juab Valley groundwater samples. Inset plot shows ratio of stable isotopes of 
hydrogen and oxygen of the groundwater samples collected for the study.  
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Figure 32.
Figure 32. Stable-isotope compositions of groundwater and estimated seasonal precipitation end-members.

The general east-to-west progression from more enriched to 
more depleted stable-isotope compositions may reflect pro-
gressively lower temperature of water at the time of recharge.  
The recharge-temperature variations could reflect elevation, 
seasonal, or climatic effects. Groundwater recharged at high 
elevations, and/or during winter, and/or during a cooler past 
climate would have more depleted stable-isotope composi-
tions. The zonation does not reflect differences in recharge 
elevation on either side of the valley, because the more de-
pleted stable-isotope compositions associated with cooler 
temperatures are adjacent to the lower-elevation mountains.  
The zonation could in part represent predominance of in situ 
(i.e., valley-floor) recharge of snowmelt in the western part 
of the valley versus recharge of runoff from summer storms 
in the eastern part of the valley. However, the stable-isotopic 

compositions of Juab Valley groundwater indicate predomi-
nance of recharge of winter precipitation valley-wide (figure 
32). The general zonation of isotopic values agrees with the 
groundwater conceptualization of younger in the east to older 
in the west, where the older groundwater in the western part of 
the valley recharged during times of cooler climate. Ground-
water-level contours (figure 16) indicate flow from Long 
Ridge and the West Hills toward the valley floor, and therefore 
suggests that some recharge occurs along the western valley 
margin (although if so, it is likely much slower than from the 
eastern valley margin). Thus, even the older groundwater in 
the valley center may have more than one source area. The 
apparent southwest-protruding lobe of more enriched ground-
water from the western slope of the Wasatch Range to the Bur-
riston Ponds area may reflect a local flow system having a 



71Hydrogeology, groundwater chemistry, and water budget of Juab Valley, eastern Juab County, Utah

greater proportion of recharge of spring runoff and summer 
storm precipitation onto the alluvial fans than occurs in other 
parts of the valley. Conversely, this and other variations from 
a regular east-to-west progression may reflect the effects of 
local recharge and mixing. 

Radiogenic Isotopes

Tritium: Tritium values range from 0.1 to 5.6 tritium units 
(TU) (table 5). Samples having TU values less than 0.5 have 
mean residence times (i.e., time since recharge to the water 
table) greater than approximately 60 years (i.e., before above-
ground testing of nuclear bombs); samples having TU values 
between 0.5 and 2.0 may contain mixtures of water having 
residence times greater and less than 60 years; and samples 
having TU values of 2.0 or greater were recharged less than 
60 years ago. We did not collect dissolved-gas samples for this 
study, which would enable more precise estimates of ground-
water residence times from tritium concentrations.

In the Levan hydrogeographic area, TU values consistently de-
crease to the southwest along the groundwater flow path sug-
gested by Thiros and others (1996) (figure 33). In the Levan 
Ridge hydrogeographic area, TU values range from 0.2 to 1.0, 
suggesting pervasive groundwater having mean residence time 
of >60 years. In the Nephi, West Creek, and Mona Reservoir 
hydrogeographic areas, TU values generally decrease from 
southeast to northwest along the flow path suggested by Thiros 
and others (1996), with the exception of the well just east of 
Burriston Ponds which has the highest TU value (5.6) of the 14 
samples. This sample also has stable-isotope values that more 
closely resemble surface water in the Wasatch Range to the 
east. Together, these data suggest a plume of relatively young 
groundwater supplies the Burriston Ponds springs.

Radiocarbon: 14C measurements have units of percent mod-
ern carbon (pmC), which is the percentage of 14C relative to 
A.D. 1950 levels. Radiocarbon values for Juab Valley ground-
water are between 7.4 and 100.5 percent modern carbon (pmC) 
(table 5). The carbon-13 isotope (13C) is a naturally occurring 
stable isotope of carbon that is used to evaluate chemical reac-
tions involving carbon (Clark and Fritz, 1997). 13C concen-
tration is typically reported as a delta notation as a ratio with 
12C, like δ18O and δ2H, but with the Vienna Pee Dee Belemnite 
as the standard reference. Values of δ13C ratios in Juab Valley 
groundwater range from -14.0 to -6.6‰ (table 5).  

The calculation of 14C ages requires the determination of Ao, 
the initial, non-decayed 14C content of the groundwater. Ao 
is typically assumed to be 100 pmC in the absence of sub-
surface geochemical reactions. This assumption is, however, 
commonly invalid in the Great Basin, where elevated CO2 
concentrations due to microbial and plant respiration in the 
soil causes dissolution of carbonate minerals into the vadose-
zone water. Thus, Ao is generally significantly lower than 100 
and can even be lower than 50 pmC (Plummer and Glynn, 

2013). Several models account for geochemical reactions 
and exchanges to calculate Ao (Ingerson and Pearson, 1964; 
Mook, 1972; Tamers, 1975; Fontes and Garnier, 1979). For 
this study, Ao was calculated in NETPATH-Win (El-Kadi and 
others, 2011) using the Fontes and Garnier model (Fontes 
and Garnier, 1979), which models the exchange and mixing 
of carbon and carbon isotopes between soil-gas CO2 and car-
bonate minerals. End-members of radiocarbon and δ13C were 
assumed to be 100 pmC and -21.8 ± 1.4‰ for soil-gas CO2 
(Hart, 2009), and 0 pmC and 0‰ for carbonate minerals, re-
spectively. This model produced realistic Ao values for eight 
samples (table 5). The model produced unrealistic Ao values 
for the other eight samples. The erroneous Ao values come 
from samples having TU values of 2.0 or greater, indicating 
the input of bomb radiocarbon, which changes the radiocar-
bon content of the soil-gas end-member, with the exception 
of sample B3-17. Although the model produced an erroneous 
Ao value, the TU value for the sample is 0.1. Sample B3-17 
is from a flowing well on the eastern margin of Mona Reser-
voir that is screened along most of the well depth, and thus 
may represent mixing of old and modern water from multiple 
flow paths. Although more simplistic than the Fontes and 
Garnier model (Fontes and Garnier, 1979), our model (figure 
34) shows simple mixing between isotope end-members and 
differentiates between samples that contain significant bomb-
peak radiocarbon versus those that do not.

The mean Ao value for the low tritium samples is 41 ± 6 pmC.  
Radiocarbon ages for these samples range between 1200 and 
15,000 years before present (B.P.). Figure 35 shows the dis-
tribution of mean radiocarbon ages, and table 3 summarizes 
the radiocarbon data and analyses. Samples having TU values 
of 2.0 or greater are not assigned radiocarbon ages but are in-
terpreted as “modern” (younger than about 1000 years B.P.).  
Mean radiocarbon ages are oldest in the western part of Juab 
Valley. Modeling of radiocarbon and tritium data together 
(next section) provides additional insight into the radiogenic 
isotope data.

Lumped parameter modeling: Mixing models were cho-
sen based on conceptualization and geometry of aquifers. For 
wells in unconfined aquifers, we used the exponential mixing 
model (EMM) or the partial exponential model (PEM) based 
on the depth of the screened interval below the water table.

The values of pmC were adjusted relative to 100 as required 
by TracerLPM (Jurgens and others, 2012). For samples hav-
ing low tritium concentrations, values of Ao were adjusted us-
ing the corrected radiocarbon age. For samples that could not 
be corrected, the mean value of Ao (46.1 pmC) was used as an 
offset factor. This method proved to be too imprecise for the 
lumped parameter modelling. Therefore, age distributions for 
these samples were constrained only by tritium concentration, 
aquifer geometry, and well construction. Tritium and 14C con-
centrations were only used in conjunction when the sample 
did not have significant bomb-peak 14C and tritium concentra-
tions were above the detection limit (0.2 TU).
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Figure 33. Tritium-unit values (TU) for Juab Valley water chemistry samples collected in 2015 and 2017 (table 3). 
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Figure 34. Carbon-isotope compositions and simple mixing lines 
between modern soil gas and carbonate minerals (Hart, 2009).
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Mean groundwater ages are 35–210 yr B.P. for samples con-
taining bomb peak 14C. Mean ages are 1370–23,200 yr B.P. 
for samples that apparently contain no bomb peak 14C.

The distribution of mean residence times within the study area 
is generally complicated. There is, however, a clear age pro-
gression along the southern flow line from Levan to Chicken 
Creek Reservoir (figure 36). Here, the model ages increase 
from 108 to 210 yr B.P. before jumping to 17,700 yr B.P. or 
sample H2-S1.

Relative contributions of basin recharge and groundwater ve-
locity to the model ages were constrained with a simple one-
dimensional flow model. Using a gridded model having cell 
length of 0.1 km, the groundwater age at the edge of the ba-
sin, fraction of recharge at each cell and groundwater velocity 
were modified to minimize misfit between the model and ob-
servations. The optimization procedure was performed using 
Solver in Microsoft Excel. The best fit occurs when the initial 
age is 42.8 yr B.P., the velocity is 11.6 m/year, and the fraction 
of young groundwater is 3.8% for each grid cell (figure 37). 

Tritium and radiocarbon values, model ages, and lumped pa-
rameter modeling indicate a general east-to-west increase in 
residence time and mean groundwater age (reflecting the pro-
portions of residence times present in the samples); however, 
the progressions are neither unidirectional nor linear with dis-
tance from the valley margin. This may suggest that recharge 
occurs within the basin, adding young water to the relatively 
old water that recharged in or adjacent to the Wasatch Range.  
Conversely, along the southern traverse from Levan to Chick-
en Creek Reservoir, substantially deeper, older groundwater 
reaches the land surface at spring H2-S1 northeast of Chicken 
Creek Reservoir, perhaps due to an abrupt decrease in aquifer 
transmissivity caused by a fault or an abrupt change in basin-

fill lithology. A similar scenario may apply to sample F2-02 
in the eastern Levan Ridge hydrogeographic area having an 
anomalously old radiocarbon age. Stable and radiogenic iso-
tope data can be difficult to interpret when sampling from 
long-screen production wells. Long-screen wells produce a 
mixture of water from many hydrogeologic zones, with many 
different flow paths and ages. Some of the lack of clear trends 
in the data may be due to this.

MONA RESERVOIR WATER BUDGET

Introduction

Mona Reservoir represents a local base level for Juab Valley 
and a discharge area for groundwater. Determining the water 
budget for the reservoir allows for a better understanding of 
the greater water budget for Juab Valley and may benefit fu-
ture reservoir management.

Previous Work

Woodward-Clyde International oversaw dam modifications on 
Mona Reservoir in 1998 (Gerhart, 1999). They included sur-
veyed plans and a hypsometric curve as part of their modifica-
tion. Thiros and others (1996) included the reservoir in their 
groundwater model, and estimated groundwater discharge to 
the it. The Utah Division of Water Rights keeps records of 
reservoir stages and discharges in their dam safety database. 

Methods

Bathymetric Survey

In the fall of 2018, Mona Reservoir was empty, and Currant 
Creek flowed directly into the reservoir outflow point; only a 
few marshy areas in the reservoir had ponding water. Using a 
DJI Phantom unmanned aerial vehicle, we collected 3795 high-
resolution (3.34 cm/pixel) overlapping aerial photographs of 
the reservoir.  We calibrated the photos with 37 control points 
having high-visibility markers. The control points were mea-
sured with a survey-grade GPS instrument, corrected using the 
TURN network. We used AgiSoft structure-from-motion soft-
ware to process the images and control points to create a high-
resolution (sub-meter) digital elevation model (DEM) of the 
reservoir floor. We masked areas of water cover using manually 
entered control points to fill the areas where shallow water was 
ponded. The resulting DEM covers 6.5 km2 of the reservoir. We 
stitched the existing lidar of the southern end of the reservoir to 
the DEM for a complete DEM of the entire reservoir.

Hypsometric Curve

Using the high-resolution DEM, we created a hypsometric 
curve for Mona Reservoir. Hypsometric curves are functions 
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Figure 35. Lumped parameter model ages for Juab Valley water chemistry samples collected in 2015 and 2017 (table 5).  
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Figure 37. Best-fit model of age progression for samples along the 
flow path from Levan to Chicken Creek Reservoir.

Figure 36. Mean residence time of samples and age progression with 
indicative flow velocities along the flow path from Levan to Chicken 
Creek Reservoir.  
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that represent the relationship between water surface elevation 
and reservoir volume. To create the hypsometric curve, we in-
tersected grids of constant elevation, representing various res-
ervoir water elevations, with the DEM. With the DEM and con-
stant elevation grids, we conducted a cut-fill analysis in GIS, 
which measures the volume between two surfaces. We plotted 
the results of the cut-fill analysis against elevation and applied 
best fit curves to the data to generate equations that calculate 
reservoir area and volume from reservoir water elevation.

Stream Gaging

Continuous stream gaging above and below Mona Reservoir 
constrained the inflow and outflow components of the water 
budget for Mona Reservoir. We installed non-vented pressure 
transducers at two monitoring locations above and below the 
reservoir to measure flow into and out of the reservoir over 
time. We placed a transducer in the reservoir to measure the 
stage over time. All three locations included staff gages for 
regular manual readings, and the upstream location had a 
flume. We corrected the pressure time series from the trans-
ducers for barometric pressure fluctuations and converted the 
resulting water levels to flow estimates using manual measure-
ment data. For the downstream side, we created a discharge 
stage relationship using stream velocity meter measurements, 
resulting in flow measurement errors as high as 20% of mea-
surement. For the upstream side, we calculated flow in the 
flume based on stage using WinFlume.

Budget Calculation

The change in storage in Mona Reservoir is based on a simple 
water budget approach:

                      ΔS = Qgw  + Qin  -  Qout - ET + PPT 	         (2)

where:

		  ΔS = 	 change in storage

		  Qgw =  	 flow of groundwater into the reservoir 

		  Qin =	 flow of surface water into the reservoir

		  Qout = 	 flow of surface water out of the reservoir

		  ET = 	 evaporation of reservoir water and marginal 	
                             vegetation transpiration

		  PPT = 	 precipitation directly into the reservoir

Using this equation, we solved for groundwater flow into the 
reservoir (Qgw). We calculated the daily change in reservoir 
storage (S) using the hypsometric curve and hourly trans-
ducer measurements. Surface-water flow into (Qin) and out of 
(Qout) the reservoir was calculated using stream gaging (see 
above). Overland flow contributions directly into the reser-
voir not coming from streams were considered negligible. We 
calculated the evaporation from the lake (ET) using SSEBop 
(Senay and others, 2013) estimates from remote sensing (see 
Groundwater Budget section for more information) that were 
temporally interpolated to daily values. ET was scaled by lake 
area using the hypsometric curve and lake measurements. 
We calculated the precipitation on the lake (PPT) using daily 
PRISM data (2.5 mi [4 km] grid cells).  
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Results and Discussion

The volume of water in the reservoir when pool elevation is 
equal to the spillway elevation of 4882.3 ft is 11,700 ac-ft, 
with a water surface area of 1390 acres (figure 38). The maxi-
mum capacity of the reservoir is 28,300 ac-ft when the pool 
elevation is at dam crest (4891.5 ft), covering 1850 acres. Af-
ter adjusting the vertical datum for NAVD88, our hypsomet-
ric curve produced volume estimates that are very similar to 
those of Gerhart (1999) (figure 38). 

Flow, temperature, and conductivity of Currant Creek show a 
diurnal trend that is consistent throughout the period of mea-
surement. Frequency analysis of the trend shows that it does 
not match with common Earth tide periodicities and is most 
likely attributable to evapotranspiration (figure 39). Flow and 
conductivity show an inverse relationship, where increased 
flow dilutes the water and decreases the conductivity. Am-
plitude of the trend in conductivity is higher in the summer 
(about 100 µS/cm).

During the 2019 water year, Mona Reservoir had an inflow 
of 5100 ac-ft of groundwater, with 2900 ac-ft being lost to 
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Figure 38. Hypsometric curves for Mona Reservoir. 

seepage, resulting in a net gain of 2200 ± 1000 ac-ft (figure 
40; table 6). This estimate is about 3700 ac-ft less than the 
amount calculated by the USGS model (Thiros and others, 
1996), consistent with our observations of decreasing Currant 
Creek flow and groundwater storage. Because we balanced 
the reservoir budget with the groundwater flow, some of this 
amount may be attributable to error in measurement. Previ-
ous studies did not quantify groundwater seepage out of the 
reservoir, but some seepage is likely occurring when reservoir 
levels are high (figure 40).  

GROUNDWATER BUDGET

Previous Work

Thiros and others (1996) produced the most recent three-
dimensional groundwater model of Juab Valley. Their model 
was made using MODFLOW-88, an early USGS groundwa-
ter model code. Brooks and Stolp (1995) constructed a three-
dimensional groundwater flow model of southern Utah and 
Goshen Valleys, immediately downstream of the study area.
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Figure 39. Frequency analysis for Currant Creek inflow data collected by the UGS.
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Figure 39.
Methods

To satisfy the need for up-to-date water budget estimates, we 
calculated a water budget for Juab Valley using the results and 
conceptual model of our hydrogeologic framework study, an 
updated version of the Thiros and others (1996) model, and 
current water budget methodologies (Healy and others, 2007) 
to constrain components of recharge and discharge and their 
uncertainties. We assumed that the groundwater budget was not 
balanced, based on the observed storage and discharge changes.

MODFLOW Model

Inkenbrandt updated the MODFLOW finite difference ground-
water model of Juab Valley (Thiros and others, 1996) and used 
it as a tool to check the water budget and aid in groundwater 
system conceptualization (figure 41). To update the model, six 
additional stress periods were added to the long-term transient 
model (table 7), bringing the model to the current period of 

study (2020). Specified recharge and discharge were extended 
using the relationships specified in Thiros and others (1996), 
with some adjustments. See the sections on recharge and dis-
charge below for more information.

We tried to minimize modification to the original model 
outside of the addition of time steps. However, updating 
the model from MODFLOW-88 (McDonald and Harbaugh, 
1988) to MODFLOW-2000 (Harbaugh and others, 2000) to 
MODFLOW-2005 (Harbaugh, 2005) requires some user input 
that can cause variations in the product of that conversion.  
For example, the original Thiros and others (1996) model had 
four layers, where the fourth layer had an essentially infinite 
thickness (see Thiros and others, 1996, p. 56–57), whereas the 
converted model has five layers. Because the scale of study 
was the same as the original model study area, we maintained 
the original grid spacing. To accommodate for the addition 
of new wells over time, we added pumping data for all wells 
drilled after 1993 having discharges greater than 10 ac-ft/yr.
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Component
Acre-feet per Water Year

Source
2019 2020

Baseflow of Currant Creek 13,100 6300 Eckhart on USGS Gage

Flow at Goshen pass 9200 6900 Measured

In
pu

ts

Flow into dam 18,500 7600 Measured

Precipitation into lake 800 800 PRISM and Daymet

Groundwater flow into reservoir 2200 7200 From daily balance

Total 21,500 15,600

O
ut

pu
ts Evaporation from lake 3200 2300 SEEBop

Flow out of dam 15,200 11,500 Measured

Total 18,400 13,800

Water year input - water year output 3100 1800

Reservoir storage change (+ increase) 3200 1800 Measured

Table 6. Mona Reservoir budget for water years 2019 and 2020.

Table 7. Stress periods for the revised Thiros and others (1996) 
model. Stress periods 9 to 14 were added in this study.

Recharge

Seepage from Streamflow 

To estimate flow of ungaged streams, we used output from 
the USGS StreamStats model, which uses regional regression 
equations and watershed parameters to estimate flow statistics 
of a given point along a stream (Ries and others, 2017). The 
StreamStats model can be run through a browser on any in-
ternet-connected computer, and the USGS has recently added 
web-service capabilities for scripted modeling.

We ran the StreamStats model for each measurable stream en-
tering Juab Valley (figure 42). The StreamStats model does 
not provide year-to-year estimates, and only provides mean 
and quantiles of flow data for a watershed. To estimate tempo-
ral variation of each stream, we used the ratio of StreamStats 
data and measured annual flows at the Salt Creek (10146000) 
and Chicken Creek (10219200) gage sites (figure 43). The re-
cord of the Chicken Creek gage ended in 1995, so prediction 
of flow for years after that is not possible using the Chicken 
Creek records. Linear regression of the modeled flow against 
the measured Chicken Creek flow provided adjustment fac-
tors for flow in the southern part of the valley (figure 44).

The StreamStats model provides a good estimate of stream-
flow for streams in the northern half of the study area. Month-
ly statistics of measurements at the Salt Creek USGS gage 
(1014600) are within 15% of the StreamStats estimates (figure 
43A). Statistics of measurements at the Salt Creek USGS gage 
(1014600) compared against the StreamStats statistics gives 
an r-squared value of 0.98, fitting along the 1 to 1 line (figure 
43B). The model generally overestimates monthly measured 
flow at the Chicken Creek gage (10219200) by about 14% 
(figure 43C), but still can recreate 93% of the variance of the 
gaged measurements (figure 43D; figure 44).  

As Thiros and others (1996) did in their study, and as we 
observed in our field measurements, we assumed all major 
eastern streams were diverted for irrigation. We aggregated 

streamflow by area and used the aggregated estimates in our 
water budgets. To check our estimates from StreamStats, we 
also estimated seepage from streamflow using the approach 
of Thiros and others (1996), where a linear relationship was 
established between precipitation and stream recharge.

Recharge and Irrigation

The bulk of groundwater recharge occurring on the valley 
floor is from infiltration of unconsumed irrigation water and 
water lost from irrigation conveyance systems. To estimate 
recharge from unconsumed irrigation water we calculated 
evapotranspiration from irrigated agriculture based on cur-
rent water-related land use data, crop consumption data, and 
remote sensing GIS-based evapotranspiration models (Allen 
and others, 2007a; Senay and others, 2013; Singh and others, 
2014) and subtracted this value from estimates of applied wa-
ter from surface sources and well withdrawal. 

Stress  
Period

Starting  
Time

Ending  
Time

Start  
Year

End  
Year

1 0 5 1949 1953

2 5 11 1954 1959

3 11 19 1960 1967

4 19 21 1968 1969

5 21 29 1970 1977

6 29 34 1978 1982

7 34 38 1983 1986

8 38 44 1987 1992

9 44 53 1993 2001

10 53 62 2002 2010

11 62 63 2011 2011

12 63 70 2012 2018

13 70 71 2019 2019

14 71 72 2020 2020
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Figure 41. Model grid of the updated USGS 3-dimensional groundwater flow model.
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Figure 42. Subwatersheds analyzed using StreamStats. See tables 8 and A6 for a summary of flow from these subwatersheds. 

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Nephi
HA

Levan
Ridge

HA

Levan
HA

Nephi
Climate
 Station

Levan
Climate
 Station

U.S.G.S. Gage
10146400

Currant Creek

U.S.G.S.Gauge
10146000
Salt Creek

W
ES

T
H

IL
LS

LO
N

G
RI

DG
E

JU
AB

VA
LL

EY

Salt

Cr
ee

k

U.S.G.S. Gage
10219200

Chicken Creek

Re
se

rv
oi

r
ano

M

W
es

t C
re

ek

Currant
Creek

Burriston
Ponds

North Creek

Willow
Creek

Fourmile

Creek

Chicken Creek

Pigeon Creek

Deep Creek

Little Salt
Creek

Chicken Creek
Reservoir

Levan

Nephi

Mona

LEVAN   RIDGE

Mona
Reservoir

HA

West Creek
HA

Nephi
HA

39  52'30"

111 45'00"
o

o

111 52'30"o

39 52'30"o

39 45'00"o

39 37'30"o

39 30'00"

111 52'30"
o

111 45'00"
o

39 37'30"
o

39 45'00"o

111 37'30"
o

o

111 37'30"o

132

132

28

78

28

I-15

7
5

16

10

17

32

23

24

6

20

11

19

31

26

21

27

25

34

2

15

4

3

33

18

22

13
12 14

29

1

30

28

8

9

0 3 6
km

0 3 6
miles

Label Watershed Name Label Watershed Name
1 Wash Canyon 18 Old Pinery Creek
2 Mendenhall Creek 19 Gardners Fork Creek
3 North Creek 20 Fourmile Creek
4 Mona Creek 21 Hartlys Creek
5 Bear Creek 22 Pigeon Creek
6 Dry Creek 23 Chicken Creek
7 Couch Creek 24 Deep Creek

9 Willow Creek South 26 Harper Creek
10 Birch Creek 27 Lampson Creek
11 Gardner Creek 28 Wide Creek
12 Red Creek 29 South Spring Creek
13 Quaking Aspen Creek 30 West Creek
14 Salt Creek 31 Government Creek
15 Miller Creek 32 Cazier Creek
16 Biglow Creek 33 Old Canyon
17 Broad Creek 34 Long Ridge

Explanation
StreamStats
subwatershed

Avg. precip. (in/yr)

15–16

16–18

18–22

22–26

26–32

StreamStats Points

USGS gage

Road

Water Rights
administrative
boundary

Informal
hydrogeographic
area (HA) boundary

Reservoir

Stream

42.

SA
N

   
 P

IT
C

H
   

 M
O

U
N

TA
IN

S

W
AS

AT
C

H
   

   
 R

AN
G

E

N



Utah Geological Survey82

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

20

40

60

80

100

D
is

ch
ar

ge
 (

cf
s)

A Salt Creek Watershed

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

10

20

30

40

50

D
is

ch
ar

ge
 (

cf
s)

C Chicken Creek Watershed

StreamStats 20 percentile
Measured 20 percentile
StreamStats 50 percentile
Measured 50 percentile
StreamStats 80 percentile
Measured 80 percentile

0 20 40 60 80 100
StreamStats Discharge (cfs)

0

20

40

60

80

100

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.97

B

0 10 20 30 40
StreamStats Discharge (cfs)

0

10

20

30

40

50

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.93

D

Regression line
1:1 line
20 percentile
50 percentile
80 percentile

Figure 43.

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

20

40

60

80

100

D
is

ch
ar

ge
 (

cf
s)

A Salt Creek Watershed

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

10

20

30

40

50

D
is

ch
ar

ge
 (

cf
s)

C Chicken Creek Watershed

StreamStats 20 percentile
Measured 20 percentile
StreamStats 50 percentile
Measured 50 percentile
StreamStats 80 percentile
Measured 80 percentile

0 20 40 60 80 100
StreamStats Discharge (cfs)

0

20

40

60

80

100

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.97

B

0 10 20 30 40
StreamStats Discharge (cfs)

0

10

20

30

40

50

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.93

D

Regression line
1:1 line
20 percentile
50 percentile
80 percentile

Figure 43.

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

20

40

60

80

100

D
is

ch
ar

ge
 (

cf
s)

A Salt Creek Watershed

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

10

20

30

40

50

D
is

ch
ar

ge
 (

cf
s)

C Chicken Creek Watershed

StreamStats 20 percentile
Measured 20 percentile
StreamStats 50 percentile
Measured 50 percentile
StreamStats 80 percentile
Measured 80 percentile

0 20 40 60 80 100
StreamStats Discharge (cfs)

0

20

40

60

80

100

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.97

B

0 10 20 30 40
StreamStats Discharge (cfs)

0

10

20

30

40

50

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.93

D

Regression line
1:1 line
20 percentile
50 percentile
80 percentile

Figure 43.

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

20

40

60

80

100

D
is

ch
ar

ge
 (

cf
s)

A Salt Creek Watershed

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n Ju
l

A
ug Se
p

O
ct

N
ov

D
ec

0

10

20

30

40

50

D
is

ch
ar

ge
 (

cf
s)

C Chicken Creek Watershed

StreamStats 20 percentile
Measured 20 percentile
StreamStats 50 percentile
Measured 50 percentile
StreamStats 80 percentile
Measured 80 percentile

0 20 40 60 80 100
StreamStats Discharge (cfs)

0

20

40

60

80

100

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.97

B

0 10 20 30 40
StreamStats Discharge (cfs)

0

10

20

30

40

50

M
ea

su
re

d 
D

is
ch

ar
ge

 (
cf

s)

r2=0.93

D

Regression line
1:1 line
20 percentile
50 percentile
80 percentile

Figure 43.

Figure 43. Validation of StreamStats models against measured monthly flow in the Salt Creek (A and B) and Chicken Creek (C and D) 
watersheds.
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Figure 44. Regression analysis of the Chicken Creek watershed against yearly discharge estimates. 
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Water diverted for irrigation was calculated using a combi-
nation of StreamStats streamflow estimates for the eastern 
streams (table 8) and estimates of groundwater pumping for 
irrigation. We multiplied the water volumes diverted by an 
efficiency percentage to calculate the water availability (table 
9). The percentage was used to account for losses from irri-
gation conveyance systems like leakage, canal seepage, and 
evaporation. Many of the irrigation systems in Juab Valley 
have lined or piped conveyance systems, and we assumed 
that this efficiency generally has improved since the 1990s. 
We assumed that relatively wet water years will have lower 
efficiencies than relatively dry water years, as many convey-
ance systems will be at capacity, and overflow and bypass 
will occur, as well as increased leakage and consumptive use 
by natural vegetation. During times of drought, water appli-
cation and management is more conservative, overflow and 
bypass will be lower, and efficiencies are assumed to be high-
er, especially for surface water. For the 2019 water year, we 
used the same efficiency values as Thiros and others (1996). 
For the 2020 water year, we used higher efficiency, to reflect 
improvements in the conveyance and delivery systems (table 
9), as well as conservation of water due to limited availability 
in the valley.

For recharge from irrigation return flow, we used numbers 
comparable to those of Thiros and others (1996). For the 2019 
water year, we assumed that the percentage of recharge was 
slightly lower than that of the 1990s, due to changes in irri-
gation practices (switching from flood irrigation to pivots or 
wheel-line irrigation to pivots). For the 2020 water year, we 
assumed a smaller percentage of recharge due to decreased 
application to reflect the limited availability of water. 

For this study, we did not calculate domestic water discharged 
to septic systems and infiltration of unconsumed landscape 
irrigation water by individual valley area, as domestic water 
recharge is relatively small compared to the total water re-
charged in the valley. Based on the same use data as listed in 
the Groundwater Pumping section, we calculated the valley-
wide indoor use, which equates to a valley-wide septic re-
charge of 66 ac-ft/yr. Based on the average outdoor use and 
an infiltration amount of 20%, the average recharge from land-
scape watering for the entire valley would be about 44 ac-ft/yr.

Recharge from streams and adjacent mountains was assumed 
to be comparable to that of previous years. To reflect this, we 
applied the same methods used to create input for the Thiros 
and others (1996) MODFLOW model, which is based on pre-
cipitation quantity.

Subsurface Inflow

Estimates of subsurface inflow were derived from the in-
puts for the USGS model (Thiros and others, 1996) and 
checked against Terra, a model based on a Thornwaite soil-
water balance (Abatzoglou and others, 2018).  For the Ter-
ra estimates, subsurface inflow was assumed to be equiva-
lent to recharge, which was estimated by summing all soil 
moisture that exceeded the calculated soil field capacity for 
the regions of interest.

Thiros and others (1996) used a simple linear relationship be-
tween precipitation and subsurface inflow. When we extended 
the time interval of the MODFLOW model, we encountered 

StreamStat Median Adjusted for 2019 Adjusted for 2020

Valley Area
Non-Irrigation 

Season  
(ac-ft/yr)

Irrigation 
Season  

(ac-ft/yr)

Annual 
Flow  

(ac-ft/yr)

Non-Irrigation 
Season  

(ac-ft/yr)

Irrigation 
Season  

(ac-ft/yr)

Annual 
Flow  

(ac-ft/yr)

Non-Irrigation 
Season  

(ac-ft/yr)

Irrigation 
Season  

(ac-ft/yr)

Annual 
Flow  

(ac-ft/yr)

Mona East 2100 6700 8800 1100  16,500  16,900 2400 3300 5900

Mona West 400 1800 2200 200 4400 4200 400 900 1500

Nephi East 7700  20,900  28,600 4200  51,100  54,800 8800  10,300  19,300

Nephi West 600 1700 2200 300 4100 4200 600 800 1500

NE Total 9800  27,600  37,400 5300  67,600  71,700  11,200  13,600  25,200

NW Total 1000 3500 4400 500 8500 8400 1000 1700 3000

North Total  10,800  31,100  41,800 5800  76,100  80,100  12,200  15,300  28,200

Levan East 5000  12,200  17,200 1200  19,500  19,900 2600 3900 7000

Levan West 500 1200 1700 100 1900 1900 300 400 700

South Total 5500  13,400  18,900 1300  21,400  21,800 2900 4300 7700

Grand Total  16,300  44,500  60,700 7100  97,500  101,900  15,100  19,600  35,900

Adjustment  
Ratios

Temporal 1.14 0.49 0.67 0.55 2.45 1.92

South 0.45 0.65 0.60 0.45 0.65 0.60

Table 8. Yearly streamflow estimates aggregated to major areas of Juab Valley and adjusted for different years. See A6 for the watersheds 
used in each aggregated area.
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Table 9. Groundwater recharge in Juab Valley from distribution-system loss and unconsumed irrigation return flow. See Thiros and others’ 
(1996) table 3 for comparison.

Location Year

Water Diverted for  
Irrigation

Irrigation  
Water  

Available  
for Use

Irrigation 
Water 

Available 
for Crop 

Use  
(ac-ft)

Recharge 
from Water 

Diverted  
for  

Irrigation  
(ac-ft)

Irrigation 
Water that 
Recharges 

Groundwater 
(%)

Irrigated 
Area  
(ac)

Crop  
Consumptive 

Use  
(ac-ft)

Water Available 
for Crop Use - 

Crop  
Consumptive  

use 
(ac-ft)

Groundwater 
(ac-ft)

Streamflow 
(ac-ft)

GW1  
(%)

SW1  
(%)

Northern Part

Mona Area 1990-92 5100 8000 70% 50% 7600 2780 25% 4200 8400 -800

Nephi Area 1990-92  12,900  16,100 70% 50%  17,100 6100 21% 7200  14,400 2700

Total 1990-92  18,000  24,000  25,000 9000 22%  11,400  23,000 1800

Mona Area 2019 1800  16,500 70% 50% 9500 3700 20% 3425 6900 2600

Nephi Area 2019 5100  51,100 70% 50%  29,100  10,100 18%  10,436  22,500 6600

Total 2019 6900  67,600  38,600  13,800  13,861  29,400 9200

Mona Area 2020 5200 3300 90% 80% 7300 1200 14% 3430 5500 1800

Nephi Area 2020  15,100  10,300 90% 80%  21,800 3000 12%  10,440  20,900 900

Total 2020  20,300  13,600  29,100 4200  13,870  26,400 2700

Southern Part

Levan Area 1990-92 8400  12,400 70% 50% 9700 4300 24% 7400  15,000 -5300

Levan Area 2019 3800  19,200 70% 50%  12,300 4600 20% 7100  15,020 -2720

Levan Area 2020  11,400 3900 90% 80%  13,400 2100 14% 7100  10,000 3400

Valley Total

1990-92  26,400  36,400  34,700  13,300  18,800  38,000 -3500

2019  10,700  86,800  50,900  18,400  20,961  44,420 6480

2020  31,700  17,500  42,500 6300  20,970  36,400 6100

1GW and SW are groundwater and surface water, respectively.			 

precipitation values that resulted in zero and negative values 
for recharge from the mountain blocks. We can assume that 
the valley does not contribute water to the Wasatch Range 
or San Pitch Mountains based on the potentiometric gradient 
and relative proportions of groundwater use and recharge. To 
eliminate zero and negative recharge values, we estimated a 
best-fit exponential relationship between mountain precipita-
tion from PRISM and the flux specified for the original time 
steps in the model (figure 45).  

Discharge

Groundwater Pumping

Thiros and others (1996) estimated well discharge to be the 
largest source of discharge in Juab Valley. Groundwater pump-
ing has increased significantly since the early 1990s due to 
increased industrial use, acreage under irrigation, population 
(especially in Mona and Nephi), and water-usage efficiencies. 
Our approach examined the spatial and temporal variation in 
groundwater pumping for Juab Valley.

We estimated the spatial distribution of well pumping and 
water use in Juab Valley using records from the Utah Divi-
sion of Water Rights, the Utah Division of Water Resources, 
and Monte Carlo methods. First, we examined each ground-

water water right in the valley, focusing on the proof of ben-
eficial use. When available, we noted the documented rate of 
pumping for each well and the place of use. We also noted the 
dominant use type for each well, and if multiple wells were 
assigned to the same water right. We compared these numbers 
with relevant USGS estimates.

To estimate both the total pumping for the valley and seasonal 
variations in pumping, we used a combination of well pump-
ing measurements reported to the Utah Division of Water 
Rights and refined by the Utah Division of Water Resources, 
and a pumping model based on well pumping functions. If 
pumping data were available for the well, the median monthly 
pumping rate was used for that well. This rate was used be-
cause pumping rates were not reported for all relevant years. 
Because they are required to report use data, we used pumping 
measurements reported for the eight active municipal wells 
examined in this study. We did not include inactive municipal 
wells in our estimates. 

If actual pumping measurements were not available, then 
monthly pumping values for each well were estimated us-
ing pumping functions. A function to estimate monthly water 
use per well was created for each use type. All the functions 
included a sinusoidal scaling function that decreased use in 
the winter and increased use during the peak demand of the 
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summer months. To account for unmeasured variability in 
monthly pumping, we created an informed normal distribu-
tion for each function, where values were selected from the 
distribution for each month. The normal distributions were 
“informed,” meaning that they were assigned means, standard 
deviations, and limits based on available information for that 
well type. For the irrigation and stock categories, values se-
lected from the normal distributions represented the percent 
of time that a well was pumping for each month. The range 
of values for these distributions was set to between 0% (no 
pumping that month) and 100%, when the well was pumped 
for the entire duration of the month. We determined the mean 
and standard deviation of these pumping duration percentages 
from drawdown observations in adjacent wells, from conver-
sations with well operators, and from available pumping re-
cords. For the domestic wells, the normal distributions were 
based on the range of possible water use values derived from 
the Utah Division of Water Resources.

Agricultural well pumping estimates were based on a pump-
ing function. Irrigation wells were assigned a pumping rate of 
zero for the months of January, February, March, November, 
and December. If the well had a defined water right in acre-
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Figure 45. A) Exponential relationship between precipitation and subsurface inflow (solid lines) for each area of subsurface input. 
Original linear relationship from Thiros and others (1996) is shown as a dashed line. B) Resulting time-series based on the exponential 
relationships in A. CE = Central east south of Nephi and north of surface water divide, NE = East side of valley north of Nephi, NW = 
West side of valley south of Long Ridge, Goshen = Long Ridge area where groundwater is leaving the valley, SE = Southeast side of valley, 
south of the surface water divide, SW = Southwest side of the valley, south of the surface water divide.

B.

A.

ft per year, we assumed that the well operator put the entire 
water right to beneficial use and optimized the pumping du-
ration to reflect that water right and distributed pumping use 
across the active pumping months using a sinusoidal scaling 
factor. If a water right had multiple wells, we divided the right 
evenly across those wells, unless evidence in the water right 
documentation suggested otherwise. For wells where water 
rights only limited the pumping rate in cfs, we estimated the 
pumping duration using an informed normal distribution with 
an average of 50% and a standard deviation of 30%, meaning 
that during the peak month of July, the average irrigation well 
is operating 50% of the time, with some wells operating more 
frequently and some wells operating less frequently.  For each 
month in the active pumping season, the pumping duration was 
scaled with the seasonal sinusoidal function and multiplied by 
the number of days in the month and the well pumping rate. 

We estimated pumping from stock wells using a similar tech-
nique, except a log-normal function was applied using a mean 
peak pumping duration of 5% and with all months considered 
active pumping months. The log-normal function was applied 
to match the large quantity of wells that only pump part of the 
year, whereas only a few wells pump more frequently for stock.
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Figure 46. Relationship between valley-wide groundwater pumping and precipitation.  

Estimates of domestic well pumping should reflect estimates 
of water use. Water use per household depends on the number 
of people per household and the acreage of lawn surrounding 
each home. U.S. Census (2020) data indicate an average of 
3.39 people per household in the rural regions of Juab Val-
ley, where individual wells are the water source. This density 
is based on data from 2010 census blocks whose centroids 
do not overlap the current retail culinary water service areas 
(UGRC, 2021).  A total of 1019 people and 301 housing units 
were in areas not serviced by the city. The total population and 
housing counts for Juab Valley in 2010 were 9235 and 2993, 
respectively. These counts were cross-checked and verified 
with 2010 service data provided by the Utah Division of Water 
Rights. We estimated the domestic indoor water use for a home 
in Utah by using the linear relationship of 32.1 multiplied by 
the number of people per home plus 88.4 for indoor water use, 
which for the rural Juab Valley area is 197 gallons per home 
per day (Klotz and Hasenyager, 2010). Outdoor water use is a 
function of watering area size, and for our estimates, we used 
648 gallons per household per day, which is the quantity for 
watering areas between 0.25 and 0.5 acres. Based on these es-
timates, the average single-home domestic well in Juab Valley 
needs to pump about 845 gallons of water per day.

The Monte Carlo function used to estimate the domestic 
pumping of groundwater consisted of a value randomly select-
ed from a normal distribution and multiplied by the sinusoidal 
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Figure 46. 

scaling function for each of the irrigation months in the year 
(April through October). The mean and standard deviation of 
the normal distribution used in the estimate function were 648 
and 442 gallons per home per day, respectively (Klotz and 
Hasenyager, 2010). During non-irrigation months, pumping 
was estimated based on a random selection of a value from a 
normal distribution that represents indoor use, having a mean 
of 197 gallons per day (average indoor water use) and a stan-
dard deviation of 100 gallons per day.

We interpolated the resulting estimates of spatial distribution 
of pumping by conducting a kernel density interpolation. Ker-
nel density interpolation uses point density and point values to 
determine the magnitude-per-unit area of a point feature. The 
resulting raster of interpolated pumping rates shows the acre-
ft of water pumped per year per acre. 

We examined how groundwater use changed over time, focus-
ing on data recorded by the USGS (Smith and others, 2019).  
Plotting groundwater pumping and average precipitation over 
time shows an inverse relationship, where less available pre-
cipitation causes greater amounts of pumping (figure 46). 
About 71% of the variance in yearly groundwater pumping 
can be explained by variance in precipitation. As documented 
in previous sections, groundwater use has increased an aver-
age of 360 ac-ft/yr since 1994. We removed the linear increase 
of the groundwater use over time to better model the relationship 
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between precipitation and pumping. Next, we conducted an 
ordinary least squares regression on the PRISM precipitation 
data for the entire basin and the USGS pumping data.  Given 
a specified year value and PRISM precipitation data, we can 
estimate annual pumping within about 3000 ac-ft of the values 
reported by the USGS.

Flow to Goshen Valley

Estimates of groundwater flow to Goshen Valley are based on 
Darcy’s Law (Freeze and Cherry, 1997):

				    Q = kA   		          (3)

where:

		  Q = 	 groundwater flow (volume/time)

		  A = 	 cross sectional area (area)

		  dh/dl =   hydraulic gradient (length/length)

		  k = 	 hydraulic conductivity (length/time)

Groundwater-level contours at the northern end of the Juab 
Valley decrease toward Long Ridge, suggesting interbasin 
flow from Juab Valley north through Paleozoic carbonate 
rocks to Goshen Valley. Interbasin flow estimates based on 
Darcy’s Law require hydraulic gradient, hydraulic conductiv-
ity, and an estimate of effective cross-sectional area of flow. 
Our potentiometric surface maps indicate a hydraulic gradient 
of 0.06 near the Juab–Goshen Valley boundary.  

Well data were used for estimating hydraulic conductivity, 
while geologic data were used to estimate cross-sectional area 
of flow. Only two wells were drilled in the volcanic rock, both 
of which are in Goshen Valley (well identification numbers 
29683 and 29422). Specific capacity data from these wells in-
dicate that the transmissivity of the volcanic material ranges 
from 5 to 20 ft2/day. To calculate the cross-sectional area of 
flow, consider that Long Ridge is made up of volcanic breccia 
13,000 ft to the south of Currant Creek and fractured Paleo-
zoic carbonates 26,000 ft to the north of Currant Creek (McK-
ean and others, 2015). Assuming an aquifer thickness of about 
1000 ft (McKean and others, 2015), the hydraulic conductiv-
ity of the volcanic rocks is about 0.005 to 0.02 ft/day. As-
suming a cross sectional area of 12,900,000 ft2, the effective 
interbasin flow from Juab Valley to Goshen Valley through the 
volcanic rocks would be about 100 ac-ft/yr. 

Most of the groundwater flow from Juab Valley to Goshen 
Valley is likely through the Paleozoic rocks north of Currant 
Creek and south of the surface water divide between Utah Val-
ley and Juab Valley (south of Santaquin). There are several 
high-angle faults in these rocks that strike perpendicular to the 
potentiometric surface contours (i.e., parallel to the estimated 

groundwater flow direction); these faults could act as fracture 
conduits. This part of the ridge is 26,000 ft long, and we can 
assume that most of the permeability is in the top 1000 ft of 
the rock, resulting in a cross-sectional area of 26,000,000 ft2.  
Hydraulic conductivity of fractured bedrock is approximately 
0.01 to 0.1 ft/day (Fetter, 1988), resulting in 100–1500 ac-ft/
yr of flow to Goshen Valley from Juab Valley.

Springs and Seeps

For the Mona area, we estimated changes in springs and seeps 
using the Mona Reservoir model. For the other areas includ-
ing Chicken Creek, we used the results of the updated MOD-
FLOW model to estimate current discharge values of springs 
and seeps. See the MODFLOW model section for information 
regarding how this model was extended.

Evapotranspiration

Evapotranspiration was calculated using multiple methods, 
to allow for cross validation and comparison. We measured 
evapotranspiration from groundwater of the valley using 
SSEBop (Senay and others, 2013) estimates of areas mapped 
as wetlands and checked those values using Terra estimates 
(Abatzoglou and others, 2018).

Two eddy covariance stations were deployed for the study, 
one in an agricultural station near Nephi and one in a wet-
land south of Mona Reservoir. Each station was equipped 
with devices manufactured by Campbell Scientific, includ-
ing a KH20 hygrometer, a CSAT3B+ 3D sonic anemometer, 
a CS106 barometer, an EE181 temperature-humidity probe, 
and a CR6 datalogger. Neither station had telemetry. Due to 
delays related to the programming of the stations, as well as 
issues with corrupt solid-state memory, the number of surface 
measurements was very limited. The limited data availability 
led us to rely primarily on estimates from SSEBop (Senay and 
others, 2013).

Results and Discussion

We estimated the groundwater budget for Juab Valley for wa-
ter years 2019 and 2020 (table 10). The water budget was in 
surplus by about 21,200 ac-ft in water year 2019 and in deficit 
by about 16,500 ac-ft for water year 2020. Water year 2019 
had significantly higher precipitation than average, whereas 
2020 had below-average precipitation (figure 2). Well pump-
ing, recharge rates, and evapotranspiration all depend on the 
amount of precipitation (Thiros and others, 1996).

Recharge

Recharge in Juab Valley is driven by precipitation, and all the 
recharge inputs specified in the MODFLOW model are ulti-
mately derived from precipitation. Based on the geographical 
distribution of precipitation, and the results of groundwater 

dh 
dl
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models (Thiros and others, 1996), the most significant re-
charge to the Juab Valley aquifer system is from the Wasatch 
Range to the east of the valley as ephemeral stream loss and 
subsurface inflow. This is also the most poorly constrained 
value in the budget. Terra (Abatzoglou and others, 2018) esti-
mated recharge from the Wasatch Range for 2019 to be 23,000 
ac-ft/yr, which is close to the 27,600 ac-ft/yr derived from the 
Thiros and others (1996) relationship presented on figure 45. 
However, the Terra estimate was zero for the following year, 
which is much lower than the estimate of 4700 ac-ft/yr used 
as specified flux input for the extended model. 

The estimated infiltration rate for the valley floor was 4% of 
the precipitation estimated from Daymet, totaling 7920 ac-ft in 
2019 and 2960 ac-ft in 2020. We verified this infiltration rate us-
ing soil moisture change estimates from the Terra model (Abat-
zoglou and others, 2018). This value was also estimated using 
the relationship established by Thiros and others (1996) for the 
setup of their model. Like with the other recharge sources, seep-
age from infiltration related to irrigation return flow and streams 
was estimated using linear relationships between recharge and 
precipitation, as described in Thiros and others (1996).  

Unlike Thiros and others (1996), we derived our non-irriga-
tion streamflow measurements from StreamStats. The most 
notable difference between the StreamStats estimate and the 

Table 10. Groundwater budget for Juab Valley. Values are in units of acre feet.

USGS UGS

1993 (Table 6) 2019 2020 Data Source

Recharge North South Valley North South Valley North South Valley

Nonirrigation-season streamflow loss 14,580 2920 17,500 5800 1340 7140 12,200 2800 15,000 StreamStats

Unconsumed irrigation water and  
distribution  loss 10,000 5280 15,280 13,800 4600 18,400 4200 2100 6300 11-18% of GW1 and SW1 

diversion (Table 9)

Irrigation-season streamflow loss 910 0 910 960 0 960 450 0 450 Relationship derived from 
Thiros and others (1996)

Precipitation Infiltration 4580 3240 7820 5040 2880 7920 1920 1040 2960 4% of Daymet Precip

Eastern subsurface inflow 20,910 3240 24,150 23,900 3700 27,600 4700 660 5360 Relationship derived from 
Thiros and others (1996)

Western ephemeral stream loss and  
subsurface inflow 7950 2840 10,790 8400 2410 10,810 3000 700 3700 StreamStats

Total recharge 58,930 17,520 76,450 57,900 14,930 72,830 26,470 7300 33,770

Discharge North South Valley North South Valley North South Valley

Wells

    Total 12,080 8290 20,370 12,000 6000 18,000 24,000 13,000 37,000 Well model

Springs 0 380 380 0 800 800 0 800 800 Water rights

    Currant Creek Seepage 13,870 0 13,870 13,100 0 13,100 6300 0 6300 Reservoir balance (table 6)

    Seepage to Mona Reservoir 8880 0 8880 2200 0 2200 7200 0 7200 Reservoir balance (table 6)

    Seepage to Chicken Creek Res Reservoir 0 3640 3640 0 2900 2900 0 2800 2800 Updated MODFLOW model

Evapotranspiration 5800 1660 7460 7600 3900 11,500 5300 2000 7300 Wetland SEEBop

Subsurface outflow (mostly to Goshen) 1890 0 1890 800 0 800 200 0 200

Total Discharge 42,520 13,970 56,490 35,700 13,600 49,300 43,000 18,600 61,600

Storage Change 16,410 3550 19,960 22,200 1330 23,530 -16,530 -11,300 -27,830

1GW and SW are groundwater and surface water, respectively.			 

estimate derived from Thiros and others (1996) was values for 
2019 were lower than 2020 values (table 10), which is likely 
a result of calculation of precipitation during the year versus 
streamflow during that year. Because the Thiros and others 
(1996) relationship is based on yearly precipitation, an espe-
cially wet November and December may artificially inflate 
non-irrigation streamflow estimates. 

Discharge

Well discharge: More water is pumped during dry years to 
compensate for the lack of precipitation and divertible surface 
flows, as seen in the groundwater use record from the USGS.  
Low points in the use record correspond to years of higher-
than-average precipitation and periods of higher groundwa-
ter pumping correspond to periods of drought. Regressing 
groundwater pumping since 1994 and PRISM precipita-
tion (ac-ft/water year) together produces an r-squared value 
of 0.71 (figure 46), and a slope and intercept of -0.052 and 
46,994, respectively. With the addition of a temporal correc-
tion, groundwater pumping was estimated with an r-squared 
of 0.8 for all pumping and 0.82 for irrigation pumping (figure 
47). Based on that relationship, the total groundwater pump-
ing in Juab Valley was 18,000 ± 3000 ac-ft for the 2019 water 
year and 37,000 ± 3000 ac-ft for the 2020 water year (table 
10, figure 47). The estimate for irrigation pumping is 17,000 
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Figure 47. Regression model results for temporal groundwater pumping model.    
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± 3000 ac-ft for the 2019 water year and 36,000 ± 3000 ac-ft 
for the 2020 water year (figure 47). Based on the results of a 
Mann Kendall analysis of pumping data from 1994 to 2017 
reported by the USGS, groundwater pumping increased at a 
rate of approximately 362 acre-ft/yr.

For the spatial pumping model, we identified 345 actively 
pumped wells in Juab Valley (figure 48). There may be ad-
ditional wells that are not pumped, that have not been docu-
mented by the Utah Division of Water Rights, or were drilled 
after this study.  Of the 345 wells, 172 were domestic wells, 97 
were irrigation wells, 58 were stock wells, 8 were municipal 
water wells, and the remaining wells were industrial and other 
use wells. Although some had multiple uses, the wells were 
organized by their dominant use. Based on estimates from the 
Monte Carlo pumping model, stock pumping is likely under-
estimated by the USGS. Assuming the average well that wa-
ters livestock only pumps 10% of the time during the peak 
month of July, and less frequently during the other months 
in the year, then the most probable amount of stock use in 
Juab Valley is 200 ac-ft/yr. Domestic use was estimated at 270 
ac-ft/yr. Pumping density (figure 48) generally matches areas 
of most significant groundwater decline (figure 19). Pump-
ing density is highest around Nephi, which corresponds to the 
water use reported by the city (Utah Division of Water Rights, 
2020) and the distribution of large irrigation wells in that area.  
Based on the spatial model, the total calculated average well 
discharge for Juab Valley in 2020 was 32,300 ac-ft/yr, which 
is close to the value of 37,000 ac-ft/yr estimated from USGS 
data. Agricultural wells accounted for more than 90% of the 
total groundwater pumped in Juab Valley for the past 20 years. 
The estimated average irrigation pumping from this model 
was 30,200 ac-ft/yr.

Evapotranspiration of groundwater: Valley-wide evapo-
transpiration from wetlands (phreatophytes and shallow 
groundwater) was 11,500 ac-ft and 7300 ac-ft for 2019 and 
2020, respectively (table 10). Based on analysis of remotely 
sensed data using SSEBop (Senay and others, 2013), the rate 
of evapotranspiration from groundwater is declining over time 
(figure 49). Mann Kendall analysis of the evapotranspiration 
trends indicates declines of 130 and 100 ac-ft/yr in the north 
and south parts of the valley, respectively. These estimates 
agree with our observations of shrinking discharge areas (fig-
ure 23). Our estimates for evapotranspiration are comparable 
(figure 49) to estimates derived from the extended USGS 
model (Thiros and others, 1996).

Subsurface outflow: Based on our conceptual groundwater 
model, potentiometric surface lines, and groundwater age 
data, groundwater is moving from Juab Valley to Goshen 
Valley, most likely through Long Ridge near Currant Creek.  
However, the quantity of water moving through the ridge is 
relatively small (table 10). Subsurface outflow from Juab Val-
ley to Goshen Valley, based on Darcy flux, is about 800 ac-ft/
yr, which is comparable to values around 1000 ac-ft/yr indi-
cated by Thiros and others (1996). This flow likely decreases 

with available precipitation, and has the potential to become 
zero or negative, depending on the amount of drawdown in 
northern Juab Valley.

Springs and seepage: Stable isotope and hydrograph analy-
ses indicate that about 80% of the flow in Currant Creek is 
derived from groundwater seepage. Based on our Mona Res-
ervoir balance, total seepage to Currant Creek and Mona Res-
ervoir was about 15,300 ac-ft in water year 2019 and 13,500 
ac-ft in water year 2020. Seepage to reservoirs, springs, and 
streams estimated using the extended model was about 4000 
ac-ft lower than estimate via the reservoir model. The model 
indicates a decrease in seepage over time. These estimates 
are supported by observed changes in water area coverage 
(figure 23). 

Storage Change

Many changes in the Juab Valley hydrologic system have oc-
curred since the USGS conducted their study (Thiros and oth-
ers, 1996). Table 11 lists a timeline of water events in Juab 
Valley, including notable events after 1993. Relevant events 
include the start of the Young Living Lavender Farm in 1995, 
many farms shifting to sprinkler irrigation in 1998–2002, the 
completion of the Currant Creek Power Plant, and the dis-
appearance of the Columbia spotted frog. Since the USGS 
study (Thiros and others, 1996), several large new wells have 
begun operation, including two east of Mona (WINs 29701 
and 29439) and one immediately southwest of the mouth of 
Willow Creek canyon (WIN 24640), as well as Mona City’s 
municipal wells (WINs 18777 and 25778). 

Groundwater storage increases when the groundwater is sur-
plus and decreases when it is in deficit. One possible contrib-
uting factor to the observed changes in storage is the changes 
in irrigation practices. Increases in irrigation efficiency from 
flood to pivot-based irrigation can increase crop production.  
However, this change can also decrease irrigation return 
flows. Increase in crop production is tied to increases in crop 
consumptive use. Groundwater pumping in Juab Valley has 
increased over time at an average rate of 360 acre-ft/yr, which 
is approximately equal to the average rate of storage change 
estimated from changes in groundwater levels. Most of the 
change in groundwater pumping is from increases in agricul-
tural pumping, despite improvements in irrigation efficiency, 
although pumping from new municipal use and power genera-
tion has also occurred.  

Operation of the Currant Creek Power Plant is not likely the 
primary reason for significant declines in groundwater storage 
and the flow of Currant Creek. The power plant was designed 
to be extremely efficient and uses a small amount of water 
relative to other power plants and municipal water providers.  
The cooling system is a closed-loop system and evaporation 
as a result is minimal. The plant pumps water from wells on 
the east side of Juab Valley using water rights exchanged from 
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Figure 48. Distribution of pumping intensity estimated using spatial groundwater pumping model.    
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Figure 49. Estimated groundwater evapotranspiration over time. 

6000

8000

10,000

12,000

ET
 (

ac
-f

t/
yr

)
North Juab Valley Wetland Evapotranspiration

SSEBop
Model
MK -119.72 ac-ft/yr

2000

4000

6000

ET
 (

ac
-f

t/
yr

)

South Juab Valley Wetland Evapotranspiration

1950 1960 1970 1980 1990 2000 2010 2020

7500

10,000

12,500

15,000

17,500

ET
 (

ac
-f

t/
yr

)

Total Juab Valley Wetland Evapotranspiration

Figure 49.6000

8000

10,000

12,000

ET
 (

ac
-f

t/
yr

)

North Juab Valley Wetland Evapotranspiration

SSEBop
Model
MK -119.72 ac-ft/yr

2000

4000

6000

ET
 (

ac
-f

t/
yr

)

South Juab Valley Wetland Evapotranspiration

1950 1960 1970 1980 1990 2000 2010 2020

7500

10,000

12,500

15,000

17,500

ET
 (

ac
-f

t/
yr

)

Total Juab Valley Wetland Evapotranspiration

Figure 49.

Currant Creek. Based on our conceptual groundwater flow 
model, the wells do capture water that would otherwise end 
up in Currant Creek.

Natural groundwater discharge and aquifer storage have been 
decreasing in Juab Valley since the last groundwater study 
in 1993 (Thiros and others, 1996). Average discharge loss 
from Currant Creek is about 250 ac-ft/yr, in addition to loss 
of evapotranspiration from areas of phreatophytes, which is a 
total of 230 ac-ft/yr (figure 49), and the loss in storage from 
the aquifer system, which is 6600 ac-ft/yr. Together, these 
estimates indicate a long-term average groundwater-budget 
deficit of 7080 ac-ft/yr. 

Based on the estimated decline in groundwater storage, stream 
discharge, and evapotranspiration, there is a general deficit 
in the groundwater budget. Whereas 2019 showed surplus of 
available water, the average condition of the groundwater bud-
get is a deficit.  This deficit is on average equivalent to 7080 ac-
ft/yr, which is the sum of the above-mentioned changes. The 
deficit could be as high as the estimated deficit for the ground-
water budget in 2020, which was 27,830 ac-ft (table 10). 

The estimated surplus in the 2019 groundwater budget was 
21,200 ac-ft (table 10). Subsurface inflow into the eastern part 
of the valley is very poorly constrained and is based on rela-
tionships derived from specified flux input data for the cali-
brated transient Thiros and others (1996) model. Intermittent 
relatively wet years like those observed in 2019 can recharge 
the aquifer to some extent, but the declining trends will likely 
continue. Long-term average subsurface flow to the eastern 
part of Juab Valley has likely been lower since 1993, based 
on overall declining precipitation. Not all the groundwater-
budget surplus recharged the valley-fill aquifer; a significant 
but unmeasured part likely flowed through the Chicken Creek 
Reservoir gate.

The groundwater model indicated storage changes compara-
ble to changes observed in wells (figure 50). Average ground-
water storage change from 1992 to 2020 based on the extend-
ed model is 4400 ac-ft/yr for the north and 2800 ac-ft/yr for 
the south, for a total of 7200 ac-ft/yr, which is 600 ac-ft higher 
than storage estimates from groundwater level changes (figure 
51). Although some wells showed elevation offset from the 
modeled values, the relative changes in water level over time 
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matched well. The extended model was discretized into large 
time chunks of eight years, except for 2011, 2019, and 2020, 
so finer fluctua ions in those large blocks of time were not 
reflected in the model. Modeled drawdown shows cells in the 
top layer of the model in the Levan area dried out. Modeled 
drawdown from 1950 to 2021 was highest in the Nephi and 
Levan areas, where each area had up to 55 ft of drawdown, 
and the Mona area had up to 20 ft of decline.

Error Quantification

The largest potential error sources in the groundwater budget 
are subsurface flow from the Nebo mountain massif and out of 
the valley, as it is based on a rough relationship with precipita-
tion. As with any measurement, the other components of the 
groundwater budget also include error. 

Measured flow out of Mona Reservoir was generally within 
2–5 cfs of the values reported to the Dam Safety Group at 
the Utah Division of Water Rights, except for two measure-
ments in late 2019, which are about 20 cfs lower than Dam 
Safety estimates. The stage discharge equation had a good 
fit, though it is only based on five measurements. The big-
gest error in the downstream measurement was the quality 
of the manual discharge measurements, which would propa-
gate to the stage discharge estimates. The transducer data is 
generally lower than dam safety measurements. Based on er-
ror in surface flow measurements, total error is estimated to 
be around 20% of measurement. Storage estimates of Mona 
Reservoir were well constrained. Our hypsometric curve 

Date Event Source

1873 First dam completed (Mona/Nebo Reservoir)

10/20/1877 Goshen Irr and Canal Co. files suit against Mona Canal Co Utah State History, 2010
6/27/1879 Mona Canal Company assets auctioned off Hardy, 2000 (Deseret News)

1896 Mount Nebo Reservoir Rae and Baker, 1971

6/1/03 Nephi diversion canal of Salt Creek for hydro plant complete A History of Juab County 148

10/22/07 Rowley Spring pipe completion for Nephi Record for Utah Water Right 53-2

7/1/41 Mona Irr Company completes concrete canal from Bear Canyon A History of Juab County 236

4/16/47 Ditchworks initiated in Willow Creek Scanned record of Utah Water Right 53-186

1/12/87 Piping of Willow Creek complete MISC from Utah Division of Water Rights Record 53-186

1995 Young Living Lavender Farm started D. Gary Young Daily Herald, 2018

11/15/95 Northern Juab Valley Ground Water Policy https://www.waterrights.utah.gov/wrinfo/policy/wrareas/area53.asp

10/1/00 Transition of Mona irrigation rights to municipal rights; New Mona 
well installed Hardy, 2000 (Deseret News)

1998-2002 Large shift to pivot sprinklers Google Earth Imagery

10/31/03 Mona irrigation change application to Mona City Scanned record of Utah Water Right 53-186

6/20/05 Completion of Phase I of Currant Creek Power Plant Power Magazine, 2006

9/23/05 Power generation taken offline for completio Power Magazine, 2006

3/22/06 Currant Creek Power Plant fully operational Power Magazine, 2006

7/27/15 Mona Res dry; Current Creek didn't use water Letter from Goshen Irrigation Co. to Utah Div. Water Rights (2016)

2018 Last time Columbia Spotted Frog egg masses spotted in Mona area DWR Wildlife Central Region: Keith Lawrence or Jordan Holcomb

Table 11. Water-related events in history of Juab Valley.

matched that of the dam engineers. The volume estimates 
from JRC data and the dam safety data correlated well with 
our measurements.

Overall, the extended groundwater model accurately predict-
ed groundwater level changes within less than a foot in many 
of the observation wells that we set.  

SUMMARY

Lithologic data from 201 water well driller’s logs obtained 
from the Utah Division of Water Rights were compiled into a 
well-management database and used to characterize variations 
in basin-fill lithology in the upper 400 ft of the Juab Valley 
basin-fill aquifer. The basin fill is characterized by interlay-
ered predominantly fine-, mixed-, and coarse-grained depos-
its. Most deposits having uniform grain size are lens-shaped, 
so are not continuous over large areas, and are less than about 
100 ft thick. The upper 100 ft and deposits below the valley 
center at all depth ranges are overall finer grained than other 
parts of the basin. Along the groundwater flow path from the 
recharge area on the upper Salt Creek alluvial fan east of Ne-
phi, northwest to the discharge area at and around Burriston 
Ponds, overall grain size decreases abruptly just east of the 
discharge area. Groundwater flow is likely predominantly in 
the relatively coarse-grained interval from about 100 to 400 
ft depth. The springs that supply Burriston Ponds likely oc-
cur where an erosional depression intersects this transmissive 

Utah State History, 2010

https://www.deseret.com/2000/9/5/19527324/mona-residents-seek-to-protect-water-shares
https://www.waterrights.utah.gov/asp_apps/DOCDB/DocImageToPDF.asp?file=/docSys/v919/i919/I919012S.TIF
https://www.waterrights.utah.gov/asp_apps/DOCDB/quickviewer.asp?Folder=53-186
https://www.waterrights.utah.gov/asp_apps/DOCDB/quickviewer.asp?Folder=53-186
https://www.waterrights.utah.gov/wrInfo/mmplan/ugw/n_juab.htm
https://www.waterrights.utah.gov/wrinfo/policy/wrareas/area53.asp
https://www.deseret.com/2000/9/5/19527324/mona-residents-seek-to-protect-water-shares
https://www.powermag.com/currant-creek-power-plant-mona-utah/
https://www.powermag.com/currant-creek-power-plant-mona-utah/
https://www.powermag.com/currant-creek-power-plant-mona-utah/
https://www.waterrights.utah.gov/docImport/0581/05813311.pdf
https://tile.loc.gov/storage-services/master/pnp/habshaer/ut/ut0700/ut0712/data/ut0712data.pdf
https://www.waterrights.utah.gov/asp_apps/DOCDB/quickviewer.asp?Folder=53-186
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zone. Along the groundwater flow path from the recharge 
area on the Willow Creek to North Creek alluvial fans east 
of Mona, west to the discharge area along the eastern margin 
of Mona Reservoir, overall grain size also decreases abruptly 
from east to west, forcing groundwater to the surface. Along 
the groundwater flow path from the recharge area on the Pi-
geon Creek and Chicken Creek alluvial fans east of Levan, 
southwest to the discharge area at and northeast of Chicken 
Creek Reservoir, overall grain size also decreases abruptly 
from east to west forcing groundwater to the surface, and a 
broad erosional depression intersects or is close to the top of 
the transmissive part of the basin-fill aquifer.

Well-test data from the driller’s logs were used to estimate the 
transmissivity of the basin-fill aquifer. These rough estimates 
range from 14 to 116,110 ft2/day (1.3-10,787 m2/day), and the 
median value is 1580 ft2/day (150 m2/day). Our results are 
comparable to a similar effort by Thiros and others (1996) 
even though nearly 50 well logs available for our study did not 
exist for the previous work. Transmissivity is overall greatest 
in the proximal parts of the alluvial fans that emanate from the 
ranges bounding the eastern valley margin.

New gravity data collected by the UGS and previously existing 
data were combined with selected driller’s logs and a published 
depth section of an east-west seismic-reflection profile through 
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Figure 51.

Figure 51. Modeled groundwater storage change for Juab Valley over time. Values from the updated model (solid blue) were plotted 
against the original Thiros and others’ (1996) model (dashed orange).

Nephi to produce two-dimensional model profiles showing the 
depth and structure of the upper part of the basin fill. A promi-
nent reflector in the middle part of the basin fill is interpreted 
here to represent the unconformity between younger, semicon-
solidated to unconsolidated clastic basin fill above and Tertiary 
volcanic, volcaniclastic, and sedimentary rocks below. The 
basin fill above the unconformity is interpreted as the Juab 
Valley basin-fill aquifer, and is physically continuous with the 
upper 600 ft of the aquifer which is currently developed for 
groundwater use. An isopach map of the upper basin fill was 
constructed from a network of 2D gravity profiles tied to the 
seismic-reflection depth section. The isopach map defines a ba-
sin center that is 2000 to 3250 ft thick that trends north-south 
from Burriston Ponds to Levan Ridge, and trends southwest in 
the southern part of the study area. Gravity and isopach-contour 
patterns suggest structural complexity at the southern end of 
Mona Reservoir and below and south of Nephi. An east-west-
trending bedrock ridge likely underlies the northern part of the 
basin along the latitude of the southern end of Mona Reservoir. 
The basin fill thickens to locally 2000 ft below the northern part 
of Mona Reservoir. Isopach contour patterns below and south 
of Nephi suggest a complex buried horst-graben system. This 
area coincides with the intersection zone between the projected 
trend of a Mesozoic-Cenozoic strike-slip fault zone and the 
Wasatch fault zone, and with the boundary zone between the 
Nephi and Levan segments of the Wasatch fault zone.
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We measured depth to water in 157 wells throughout Juab 
Valley in March and early April 2015. Land-surface eleva-
tion control was from high-precision GPS or 1-m-resolution 
lidar. We constructed a valley-wide groundwater-level map 
from our measurements and 16 water levels measured by 
the USGS. The groundwater divide below Levan Ridge is 
as much as 4 miles north of its position in 1965 as deter-
mined by the USGS. Groundwater-level contours north of 
the divide are generally horseshoe-shaped, parallel to the 
eastern valley margin and convex to the north-northwest, 
indicating flow toward the north-northwest. Complicated 
contour patterns exist below and west of Nephi, an area of 
interspersed heavy agricultural pumping and residential de-
velopment. Water-level contours at the northern end of the 
valley decrease toward Long Ridge, suggesting interbasin 
flow from Juab Valley north through Paleozoic carbonate 
rocks to Goshen Valley. Groundwater-level contours in east-
ern Levan Ridge are closely spaced and trend north-south, 
suggesting inflow from the Fourmile Creek drainage basin in 
the San Pitch Mountains and its alluvial fan along the moun-
tain front. Groundwater-level contours below the central part 
of Levan Ridge form an east-west-trending saddle that de-
fines the groundwater divide. South of the divide, contours 
are horseshoe-shaped and convex to the southwest indicat-
ing flow toward the southwest, with complex patterns in the 
agricultural-residential area southwest of Levan.

A map showing water-level changes in Juab Valley from 
1993, the time of the USGS’s previous valley-wide water-
level survey (Steiger, 1995; Thiros and others, 1996), to 
2015 was made by contouring the difference between water-
level elevations for individual wells having measurements 
in both years. Changes ranged from -0.5 to -44 ft, excluding 
local anomalous values. The areas of greatest groundwater-
level decline are west of Nephi, west-northwest of Levan, 
and northwest of Mona Reservoir. The groundwater level in 
one well on Levan Ridge declined by 33 ft despite its dis-
tance from the Nephi and Levan agricultural areas and few 
nearby wells.

Monthly monitoring of groundwater levels in unused wells in 
the Levan Ridge area, the southwest parts of the study area, 
and southwest of Burriston Ponds shows greater detail and 
recent trends of water-level fluctuations. Wells on the northern 
and southern margins of Levan Ridge and in the southwest 
part of the Levan agricultural area show seasonal fluctuations 
related to pumping superposed on declines of 0.3 to 5 ft per 
year. A well in the central part of Levan Ridge near the inter-
preted groundwater divide declined by 2.2 ft per year. Sea-
sonally flowing wells at the southwest end of the agricultural 
area southwest of the Levan area flowed during October 2017 
through May 2018, after which time flow ceased and water 
levels decreased by as much as 17 ft during the irrigation sea-
son, and flow resumed in October 2018. Southwest of Burris-
ton Ponds, a well near West Creek shows seasonal fluctuations 
of 14 to 21 ft but four other wells to the west and northwest 
show only slight fluctuations.  

During 2015 and 2017 we sampled 66 wells (6 flowing), 5 
springs, and 12 streams for major-solute chemistry. Most 
water is either Mg-HCO3 or mixed SO4-Cl-Ca-Mg type, and 
TDS of groundwater samples ranged from 232 to 2626 mg/L 
excluding one anomalous value, and the median value is 786 
mg/L. Groundwater composition generally reflects the bed-
rock composition of the mountains to the east; HCO3 is the 
dominant ion west of the Mount Nebo area in the Wasatch 
Range which is composed of Paleozoic carbonate rocks; SO4 
is the dominant ion west of the San Pitch Mountains, com-
posed in its western part of the Jurassic Arapien Formation 
which includes gypsum and halite; and mixed-composition 
water occurs throughout the basin and in the eastern part of 
the valley west of the southern Wasatch Range and northern 
San Pitch Mountains in which carbonate, siliciclastic, and 
Arapien Formation rocks crop out. Statistical analysis of all 
major-solute data identified five distinct clusters (i.e., com-
positional groups) that show systematic distribution generally 
reflecting bedrock and basin-fill composition.  

Values of the stable isotopes 2H and 18O generally become 
more depleted from east to west in the study area. More 
depleted values are generally associated with cooler tem-
peratures at the time of recharge, whereas the mountains 
bounding Juab Valley on the west have substantially lower 
elevation and precipitation there would be expected to have 
relatively enriched stable-isotope compositions. The overall 
east-to-west variation may represent the presence of older 
groundwater that was recharged under cooler climatic condi-
tions. Stable-isotope values of the springs that supply Bur-
riston Ponds and from a nearby well are similar to those in 
streams along the Wasatch Range front to the east and are 
more enriched than groundwater from nearby wells to the 
north and south. This anomaly may reflect a comparative-
ly high-velocity flow path from the eastern mountain front 
to Burriston Ponds. Mixing model analysis indicates that 
groundwater recharge in Juab Valley is most likely 78%–
90% snow and 10%–22% rain.

Tritium (3H) values generally decrease from east to west, 
reflecting progressively greater time since recharge, con-
sistent with the pattern observed in the stable-isotope data.  
Low tritium values were measured from flowing wells west 
of Mona (C3-19) in the Mona Reservoir–Burriston Ponds 
discharge area, and from a seasonally flowing well (H2-S1) 
in the Chicken Creek Reservoir discharge area. Carbon-14 
(14C) model ages range from about 1200 to 10,400 years for 
samples in the northern, western, and southwestern part of 
the study area; 14C model ages could not be calculated for 
samples from the central and eastern parts of the valley near 
Levan and between Nephi and Mona. Modeling of the 3H and 
14C data together show progressively decreasing ages from 
northeast to southwest along the flow path from the Chicken 
Creek–Pigeon Creek alluvial fans to the Chicken Creek Res-
ervoir discharge area, although an abrupt increase in model 
age at seasonally flowing well H2-S1 indicates the addition of 
substantially older groundwater from greater depth.
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Based on Currant Creek discharge, wetland evapotranspira-
tion, and groundwater level measurements, the Juab Valley 
groundwater budget is in deficit on average of about 7080 ac-
ft/yr. The biggest contributors to these declines are increased 
groundwater pumping over time, coupled with decreased 
recharge over time. Although relatively wet water years like 
2019 might help contribute to groundwater recharge to the 
aquifer, it will not cause a complete water level recovery to 
levels observed prior to the 1990s. Despite groundwater dis-
charge to Mona Reservoir, it has been completely emptied at 
least twice in the past decade, and if current conditions persist, 
this will likely happen again.
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APPENDIX

Tables A1–A6:

https://ugspub.nr.utah.gov/publications/special_studies/ss-170/ss-170-a.pdf
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Lithology – Columns are derived directly from drillers’ logs. Column lithologic coding
     uses both color and patterns. The intervening areas between wells are interpretive      

and use patterns only. Vertical exaggeration is 16x.

Predominantly fine grained – Chiefly clay, with silt and/or sand in some intervals.

Mixed grain-size deposits – Chiefly clay and gravel and/or sand. Deposits may be poorly
     sorted or interlayered at intervals finer than the driller’s log indicates

Predominantly coarse grained – Chiefly gravel and/or sand and/or cobbles, with comparatively
     minor amounts of clay in some intervals.

Generally
increasing
hydraulic

conductivity

Well
C3-30

Map ID above column; see table A1 and figure 6. Gray box to side of well column shows screened
     or open interval(s). Blue triangle indicates water level as delineated below.

Groundwater

Water level – From UGS measurement (March or early April 2015).

Water level – Interpolated from contours (figure 15).

Water table – Based on water levels measured from individual wells, and contours (figure 15).

Southeastern spring
of Burriston Ponds is
190 ft southwest of

section line
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