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WATER-QUALITY ASSESSMENT OF THE PRINCIPAL
VALLEY-FILL AQUIFERS IN THE SOUTHERN SANPETE AND
CENTRAL SEVIER VALLEYS, SANPETE COUNTY, UTAH

ABSTRACT

Southern Sanpete and central Sevier Valleys are rural areas
characterized by extensive agricultural activity and increas-
ing population. The unconsolidated valley-fill aquifers in both
valleys are an important source of drinking water. In coopera-
tion with the Utah Division of Drinking Water and the U.S.
Environmental Protection Agency (EPA), I assessed water
quality in the valley-fill aquifers to determine (1) the relation-
ship of ground-water quality to geologic units in the San Pitch
and Sevier River drainage basins, (2) likely sources of nitrate
pollution documented in previous reports, and (3) the relative
age of high-nitrate water from selected water wells. I mapped
water quality in the valley-fill aquifers with emphasis on ni-
trate and total-dissolved-solids (TDS) concentrations. Water-
well samples from domestic, municipal, and irrigation sources
were collected and analyzed by the Utah Geological Survey
(UGS) during spring/summer 2007. I selected 77 water-sam-
pling sites including wells, springs, and streams, without bias
to land-use practice, to represent a widespread distribution of
water-quality data. Most of the sampled water wells are less
than 200 feet deep. Water samples from all wells were ana-
lyzed for nutrients (nitrate, nitrite, ammonia, and phosphate),
general ion chemistry, and dissolved metals. Of these 77 sam-
ples, those having relatively high (greater than 5 mg/L) nitrate
concentrations were also analyzed for environmental tracers
including nitrogen and oxygen isotopes in nitrate, tritium,
chlorofluorocarbons (CFC), and carbon isotopes. I used TDS
and nitrate data from nine wells and nine springs from the
Utah Division of Drinking Water and four wells from the Utah
Department of Agriculture and Food (UDAF) to augment the
study, for a total of 99 samples analyzed. During summer and
autumn of 2008, UDAF re-sampled 21 of the wells sampled
by UGS; the majority of the TDS and nitrate concentrations
from re-sampled wells are similar to those from wells sampled
during 2007.

Nitrate concentrations for 81 water wells, 15 springs, and 3
streams in the study area range from less than 0.1 mg/L to 39
mg/L, with an average concentration of 6.5 mg/L, and a me-
dian of 5.2 mg/L. Fifty-one percent of the wells and springs
yielded values greater than 5 mg/L, and 20% showed nitrate
values that exceed the Utah and EPA primary drinking water-
quality standard of 10 mg/L. These data indicate that high-
nitrate-concentration areas are widespread. Possible sources
of nitrate include fertilizer, feed lots, septic-tank systems,

and natural sources. TDS concentrations for water wells and
springs in the valley range from 202 to 3530 mg/L (average
915 mg/L and a 688 mg/L median). TDS concentrations for
33% of the wells and springs are greater than 1000 mg/L (a
concentration regulated by the Utah Division of Drinking
Water for public-supply wells in accordance with rule R309-
200-5). Elevated TDS concentrations are likely caused by
dissolution of minerals from the evaporite-rich Arapien Shale
and Green River Formation, and by return irrigation water.

Field observation of possible nitrate sources upgradient of
high-nitrate wells suggests animal and human waste (from
feed lots, corrals, and septic tanks) may be the nitrate source
in most cases. Tritium analysis of ground water from 23 high-
nitrate wells indicates that contaminated ground water was re-
charged pre-, post-, and during above-ground nuclear testing
when tritium concentrations in the atmosphere were at their
low, medium, and peak levels, respectively. CFC data show
most high-nitrate wells have an average recharge year of 1976
(for CFC-11, CFC-12, and CFC-113), with an overall date
range from 1943 to 2000. Ground-water dates derived from
carbon isotope data range from modern to 19,000 years old,
and show the high-nitrate ground water is derived from both
old and young ground-water sources. Overall, most ground
water in the area likely reflects mixed or combined sources
of water.

INTRODUCTION

Background

Southern Sanpete Valley (which, for the purposes of this study,
includes the communities of Sterling and Mayfield in Arapien
Valley) and central Sevier Valley (figure 1) are rural areas
where most residential development and agricultural activities
are located on unconsolidated valley-fill deposits, which are
the principal drinking-water aquifers for the area. Septic-tank
effluent, agricultural fertilizers, and animal waste from feed
lots and farms are potential sources of nitrate, which is the
principal ground-water contaminant identified during previ-
ous ground-water studies in the area (Lowe and others, 2002;
Sunrise Engineering, 2002) and a review of data for public
water-supply wells and springs (Rachael Cassidy, Utah Divi-
sion of Drinking Water, written communication, 2006). High
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Figure 1. Location of the study area in Sanpete County, Utah.

nitrate levels in ground water have also been documented in
northern and central Sanpete Valley, where many wells have
historically yielded ground water having greater than 40 mg/L
nitrate as nitrogen (Robinson, 1968; Horns, 1995; Lowe and
others, 2002). A recent investigation by Sunrise Engineer-
ing in the southern Sanpete and central Sevier Valleys shows
water from a large number of wells (including two potential
public-supply wells they sited and engineered) as having high
nitrate concentrations, possibly sourced by natural nitrate in
the aquifer (John Iverson, Sunrise Engineering, verbal com-
munication, 2006). One public-supply well drilled for the
town of Centerfield in Hayes Canyon yielded water having
a nitrate concentration of 16 mg/L but no apparent upgradi-
ent nitrate source. Similarly, a public-supply spring for Cen-
terfield that issues from the Green River Formation near a
mapped fault zone has a relatively high nitrate concentration
of 7 mg/L (this study); this spring has had a persistent nitrate
concentration ranging from 6.65 mg/L in 1984 to 6.8 mg/L
in 2006 (Bob Hart, Utah Division of Drinking Water, written

communication, November 2006). In addition, the Arapien
Shale is prevalent throughout both valleys and has been as-
sociated with poor water quality with total-dissolved-solids
(TDS) concentrations from wells reported as high as 2752
mg/L (unsuitable for a public water-supply well) (Lowe and
others, 2002). These incidents of relatively high TDS and ni-
trate concentrations reported in domestic and public-supply
wells and springs prompted this study to evaluate water qual-
ity in southern Sanpete and central Sevier Valleys.

The valley-fill aquifers are the principal source of drinking
water for residents of southern Sanpete and central Sevier
Valleys, although some springs along the valley margins are
also used for drinking water. The availability of good qual-
ity ground water is a critical issue for land-use planning and
resource management in Sanpete County. Local government
officials in Sanpete County have expressed concern about the
impact of nitrate contamination on ground-water resources,
especially for public water-supply wells. Additionally, pro-
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tecting ground-water resources is a priority in the Utah State
Comprehensive Ground Water Management Plan (Utah Divi-
sion of Water Resources, 1999). Utah Division of Drinking
Water regulators would like to understand the relationship
between geology and water quality so that they can assist the
community in siting a new public-supply well that will have
nitrate concentrations well below the drinking water-quality
standard of 10 mg/L.

Purpose and Scope

State and local government officials and water users in south-
ern Sanpete and central Sevier Valleys need ground-water
quality information to help them make informed decisions
on land use to protect ground-water resources. The purpose
of this study, a cooperative effort among the Utah Geologi-
cal Survey (UGS), the Utah Division of Drinking Water, and
the U.S. Environmental Protection Agency (EPA), is to pro-
vide local government officials, state agencies, and private
water users with (1) maps showing TDS concentrations and
nitrate concentrations for the principal valley-fill aquifers,
(2) a determination of the relationship between basin geol-
ogy and ground-water quality, (3) an identification of all likely
sources of nitrate contamination, and (4) an evaluation of the
significance of individual nitrate sources and ground-water
ages using isotope data in southern Sanpete and central Sevier
Valleys.

The scope of work included:

(1) conducting a water-well inventory to identify
wells for valley-wide sampling,

(2) collecting water samples for water-chemistry
analysis (nutrients, general chemistry, metals, and
isotopes),

(3) mapping TDS and nitrate concentrations,

(4) examining some wells containing water exceed-
ing 5 mg/L nitrate concentration by analyzing well
characteristics and evaluating nitrogen and oxygen
isotopes to help determine the source(s) of nitrate,

(5) sampling ground water from selected high-nitrate
wells and analyzing for chlorofluorocarbons (CFCs),
tritium, and carbon isotopes to constrain the age of
contaminated water,

(6) compiling drillers’ well logs to produce an isopach
map to help identify a suitable site for a public
water-supply source, and

(7) preparing this report summarizing the findings.

This study focuses on water quality, and does not provide a
ground-water flow model; existing literature and information
regarding the hydrogeology of the area is sparse. No attempt
is made to identify a specific location to install a well for
public-water supply based on economics or the water quantity
available to supply these communities’ future demands.

Methods

Water-Well Sampling

I selected 68 wells (plate 1) for sampling. Six springs and
three streams were also sampled. The wells, springs, and
streams were sampled during spring/summer of 2007, and the
water was analyzed for nutrients (nitrate, nitrite, ammonia,
and phosphorous) and general chemistry by the Utah Divi-
sion of Epidemiology and Laboratory Services, and for dis-
solved metals by the U.S. EPA. The constituents sampled for,
the EPA analysis method used, and ground-water quality stan-
dard (if the constituent has been assigned one) are provided in
appendix A (table Al). I followed requirements for sampling
methods, equipment used, sample containers, and preserva-
tion outlined in Utah Division of Water Quality’s QAPP for
Water Monitoring Programs (Utah Division of Water Quality,
2006, section 17). Steve Deacon of UDAF collected samples
from wells and springs during summer and autumn of 2008;
samples were analyzed by UDAF’s laboratory for the same
chemical constituents as sampled by the UGS, but also for
organics and pesticides. Various agents sampled public supply
wells and springs over various years and seasons for the Utah
Division of Drinking Water; all samples were analyzed by an
EPA certified lab.

Stable Isotopes/Environmental Tracers

Stable isotopes can be useful tracers of ground-water flow
paths (Kendall and Caldwell, 1998) and ground-water re-
charge ages, and hence are indicators of the source(s) of
waters bearing similar isotopic signatures. To gain a better
understanding of the ground-water hydrology in southern
Sanpete and central Sevier Valleys, water samples were col-
lected and analyzed for the following isotopes: nitrogen-15
and oxygen-18 (expressed as 0N . and "0, for isotopes
in nitrate), tritium (*H), CFCs, carbon-14 (*C), and carbon-13
(8"C). Twenty-four samples were tested for 6""N, . and 22
for 8"°0,, 23 for*H, 17 for CFCs, and 21 wells for '*C and
O13C. Nitrogen and oxygen isotopes in nitrate will help de-
termine the source of nitrate. Data from samples tested for
tritium, CFCs, and carbon isotopes will help determine the
age of the ground water.

Nitrogen and oxygen: Nitrogen and oxygen isotopes have
been used to help determine sources of nitrate, can be use-
ful tracers of ground-water flow paths (Kendall and Caldwell,
1998), and hence are indicators of source(s) of waters bearing
similar isotopic signatures. By measuring the ratio of isotopes
taken from different sources and environments and comparing
them to ratios of the same ground-water isotopes (e.g., com-
paring nitrogen isotope ratios from a known source to nitro-
gen isotope ratios of nitrate in ground water) the source of po-
tential contamination to aquifers can be determined (Canter,
1997). In general, stable isotopes are reported as a ratio of the
relative abundance of the isotope in the sample to the relative



abundance of the isotope in a standard and expressed as:

d Isotope (in %o)=[(R___ /R, . )-1]1¥1000 (1)

where R is the ratio of the “heavy” isotope to the “light” iso-
tope in the sample or standard. Isotopes are reported as parts
per thousand, commonly termed as parts per mil, or symboli-
cally as %o, and can be expressed as positive or negative num-
bers depending on the relationship to the given standard. For
nitrate, the standard is atmospheric nitrogen (N,) and nitrogen
isotopes are commonly represented as 8'°N (where 8'"N=0
%o for N in air); the standard for oxygen is Vienna Standard
Mean Ocean Water (VSMOW) (Gonfiantini, 1978), with the
oxygen isotope reported as 6'%0. Nitrogen has two common
stable isotopes: '*N and '“N. Oxygen has three common stable
isotopes: 190, 170, and 0.

sample’

Figure 2 shows the relationship between nitrogen/oxygen
isotopes of nitrate and selected nitrate source types (Kend-
all, 1998); figure 3 shows the common ranges for nitrogen
isotope composition for septic waste, animal waste, fertilized
soil, and natural soil (Kendall, 1998). Fertilizer typically has
a 8PN value range from —2 to +2%o, non-cultivated fertilized
soils typically have a 8'°N value range from 0 to +8%. (Canter,
1997; Kendall, 1998), values that range between -5 and 5%o
are typically associated with rain and ammonia-rich fertilizer,
and animal and human waste are generally isotopically indis-
tinguishable and have higher ranges between +10 and +20%o
(Kendall, 1998), but have been reported as low as 0%o; Canter
(1997) reports decomposed animal waste having a range from
+10 to +22%o. Animal waste is common to barnyard and feed
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lots, human waste is associated with effluent from septic-tank
systems. Nitrate derived from nitrate in precipitation, desert
nitrate deposits, and nitrate fertilizer typically has 6"O,
values greater than 15%o and lower 8N, . values (less than
10%o) (figure 2). Processes such as denitrification and mixing
of ground water can affect isotopic signature, and thus mask
the actual source(s) of nitrate. Isotopic analysis for 6"°N .
and 8"0O,, was performed by the University of Waterloo,
Ontario, Canada.

Tritium: Trititum (*H) provides a qualitative age of ground
water for determining the relative time when water entered
the ground-water system (Clark and Fritz, 1997). Tritium is
an unstable isotope of hydrogen having a half-life of 12.3
years; trittum concentration in ground water isolated from
other water will decrease by one-half after 12.3 years. Tritium
occurs naturally in the atmosphere, but above-ground nuclear
fusion testing from 1952 to 1969 added tritium to the atmo-
sphere in amounts that far exceed the natural production rates,
and, as a result, trittum concentrations in precipitation also in-
creased. The amount of tritium in the atmosphere from weap-
ons testing probably peaked in the early to mid-1960s, and
has been declining since atmospheric nuclear testing ceased.
Modern concentrations are typically between 20 and 50 tri-
tium units (one tritium unit [TU] equals 1 tritium atom in 10
hydrogen atoms). Tritium in the atmosphere incorporates into
water molecules and enters the ground-water system as re-
charge from precipitation. Because tritium is part of the water
molecule, it is not affected by reactions other than radioactive
decay, and thus can be used as a tracer of ground water on a
time scale of less than 10 to about 55 years before present.

20 — Nitrate fertilizer
D [
0T itzer | RS0l Denitrification
o — andrain N Manure and
N | septic waste
-10 | | | | | | | | | |
-10 -5 0O 5 10 15 20 25 30 35 40
615N (0/00)

Figure 2. Plot of nitrogen and oxygen isotopes characterizing sources of nitrate, (from Kendall, 1998).
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Figure 3. Summary of the range of 8N values for septic waste, animal waste, fertilized soil, and natural soil,
compiled from global sources, (modified from figure 16.4, Kendall, 1998).

Water that entered the ground-water system before 1952 and
has remained isolated from younger water contains no detect-
able tritium, and is interpreted to have recharged before 1952.
Therefore, tritium can be used to distinguish between water
that entered an aquifer before 1952 and water that entered
the aquifer after 1952. Tritium analysis was performed by the
U.S. Geological Survey (USGS) in Menlo Park, California.

Chlorofluorocarbons: Chlorofluorocarbons (CFCs) are sta-
ble synthetic compounds used in the production of refriger-
ants, propellants, and manufactured products associated with
the electronics industry, and were introduced into the environ-
ment during the 1930s (Plummer and Busenberg, 1999). The
compounds CFC-11 and CFC-12 are more commonly associ-
ated with coolants in air-conditioning and refrigeration, blow-
ing agents in foams, insulation, propellants in aerosol cans,
and solvents. The CFC-113 compound is typically used by the
electronics industry in semiconductor chips, vapor degreasing
and cold immersion cleaning of microelectronic components,
and as solvents (Plummer and Busenberg, 1999).

When a ground-water sample is collected and analyzed for
CFC concentrations, the concentration in the water is related
to the concentration of CFC in the atmosphere at the time the
water entered the subsurface (University of Utah Dissolved &
Noble Gas Lab, 2008). The conditions for CFC analysis de-
scribed herein were obtained from the lab-analysis sampling
sheet by the University of Utah Dissolved & Noble Gas Lab
(undated, unpublished sample form). For each sample ana-
lyzed for CFC content in ground water, current local physi-
cal and chemical parameters must be considered, such as the
salinity of the water (at the time of recharge), the recharge
temperature, and the recharge elevation. Chlorofluorocarbon

raw data are calculated as the concentration of CFCs in air
that would be in equilibrium with the sample at the tempera-
ture and elevation given; the calculation compares the equiva-
lent air concentration with the atmospheric mixing ratios to
estimate the recharge year. The atmospheric mixing ratio for
CFC-11 began declining in 1994. As of 2001 it had dropped to
about the same value it was in 1989. Thus, the CFC-11 dates
are not unique for the period 1989 to 2001 (as of 2001). That
is, there are two possible years that correspond to the same
concentration; the results are typically reported as the older
of the two possible dates. The same issue exists for CFC-113
starting in 1991. Chlorofluorocarbon analysis was performed
by the University of Utah Dissolved & Noble Gas Lab, Salt
Lake City, Utah.

Carbon: Carbon-14 ('*C) is a naturally occurring radioac-
tive isotope of carbon that has a half-life of about 5730 years
(Clark and Fritz, 1997). Carbon-14 data can provide infor-
mation on ground water of greater ages than can the other
environmental tracers, which only provide relative ground-
water ages for the 20" century. Carbon-14 data are expressed
as percent modern carbon (PMC) based on the National Bu-
reau of Standards oxalic acid standard. Atmospheric testing
of nuclear weapons also produced *C, so in some instances
values greater than 100 PMC can occur in ground water that
contains tritium, because the water was recharged when the
atmosphere had above natural levels of “C. Carbon-14 is not
part of the water molecule, so “C activities are affected by
chemical reactions between the aquifer material and the dis-
solved constituents in the water. Chemical reactions can either
add or remove carbon; therefore, knowledge of chemical re-
actions that occur during recharge and transport through the
aquifer is necessary for estimating the initial activity of "C.



This is the most difficult aspect of using carbon-14 for dating
ground water. The methods for dating carbon in ground water
are complex and beyond the scope of this report; only a brief
description is provided. Age calculations require estimates of
some chemical parameters during recharge and model calcu-
lations of reactions during ground-water transport; calcula-
tion of ground-water age (expressed in years before present
[yr B.P.], where “present” is A.D. 1950) from raw carbon iso-
tope data was performed by Dr. Alan Mayo of Brigham Young
University (written communication, May 25, 2008). Clark and
Fritz (1997) provide a more detailed description of carbon iso-
tope dating and the various required parameters to calculate
carbon-based ages.

Carbon-13 is a naturally occurring stable isotope of carbon
that is used to evaluate chemical reactions involving carbon
(Clark and Fritz, 1997). Carbon-13 is expressed using the
delta notation as a ratio with carbon-12, similar to 6"*O,,,, and
dD,,,, but with the Vienna Pee Dee Belemnite (VPDB) as the
reference standard. The 6'3C concentration in ground water
depends upon numerous factors, which include the type of
vegetation in the recharge area, whether carbonates are dis-
solved or precipitated during recharge, and whether the sys-
tem is open or closed. Carbon isotope analysis was performed
by Brigham Young University, Provo, Utah.

Location and Geography

Southern Sanpete Valley and central Sevier Valley are in cen-
tral and south-central Sanpete County (figure 1), central Utah,
about 100 miles (160 km) south of Salt Lake City. Southern
Sanpete Valley (figure 1; plate 1) ranges in elevation from
about 5600 feet (1700 m) in the east to about 5400 feet (1650
m) in the west. The southernmost part of southern Sanpete
Valley (Arapien Valley) is 8 miles (13 km) long and 1 mile
(1.6 km) wide, and is separated from the main northern San-
pete Valley by a low divide located about 1 mile (1.6 km)
south of Ninemile Reservoir. Arapien Valley is bounded by
the Wasatch Plateau on the east and the White Hills on the
west, and is separated from the central Sevier River basin at
its southernmost point by a low divide about 4 miles (6.4 km)
south of Mayfield. The Mayfield area includes the drainage
of Twelvemile Creek, which flows west from the Wasatch
Plateau and into the San Pitch River about 2 miles (3.2 km)
southwest of Ninemile Reservoir (figure 1); the San Pitch
River flows from Gunnison Reservoir south, then west toward
central Sevier Valley.

Central Sevier Valley (figure 1; plate 1) ranges in elevation
from a low near the base of the Sevier Bridge Dam at 4954
feet (1510 m) to a high of 8436 feet (2571 m) in the Valley
Mountains (unnamed peak). The Sevier River flows from
south to north toward Sevier Bridge Reservoir; the San Pitch
River joins the Sevier River in central Sevier Valley, just
southwest of the southern tip of the San Pitch Mountains.

Utah Geological Survey

Population and Land Use

Sanpete County is a rural area experiencing moderate popu-
lation growth resulting in increased residential development;
much of the existing and future development uses septic tank
soil-absorption systems for wastewater disposal, though some
areas are connected to sewer systems and maintain sewage
lagoons (see waste-water disposal on plate 2). Sanpete County
had an estimated July 2007 population of 26,464 (Utah De-
mographic and Economic Analysis Section, 2008); its 2000
census population was 22,763 (Utah Demographic and Eco-
nomic Analysis Section, 2008). Population is projected to
grow another 1% annually over the next 12 years; by 2020 the
population of Sanpete County is expected to approximately
reach 29,000 (Utah Demographic and Economic Analysis
Section, 2000).

Government and non-farm proprietors (private business own-
ers) have provided the most employment in Sanpete County
throughout the last decade (Utah Governor’s Office of Plan-
ning and Budget, unpublished data reported in Utah Division
of Water Resources, 1999). Trade replaced agriculture as the
third-largest employment provider in the county between
1994 and 1997, agriculture is expected to fall below the ser-
vice industry in terms of number of people employed by 2020
(Utah Governor’s Office of Planning and Budget, unpublished
data reported in Utah Division of Water Resources, 1999). In
2003, Sanpete County ranked first in Utah in the production
of turkeys, had the largest inventory of sheep in Utah, and
ranked fifth in the state for milk cows (Utah State University
Extension Economics Department, 2008). Although employ-
ment in agriculture and the number of farms are decreasing,
agricultural commodity production is expected to remain an
important part of Sanpete County’s economy.

Most farming occurs on the unconsolidated valley-fill depos-
its that also serve as the principal source of drinking water
for the residents of Sanpete County. There are 101,760 acres
(41,182 hm?) of irrigated cropland in Sanpete County (Utah
Division of Water Resources, 1999); most irrigated cropland
is in the central portions of southern Sanpete and central Se-
vier Valleys. Alfalfa is an important crop in Sanpete County.
The eastern and western margins of both valleys are mostly
rangeland for sheep and cattle.

Sanpete County may experience unexpected growth from cur-
rent oil exploration. South of Mayfield, oil exploration and
development is ongoing in the vicinity of the recently discov-
ered Providence oil field along a northern extension of the
structural trend of the Covenant field, discovered in 2003. The
petroleum community has requested a permit from Sanpete
County to construct a temporary storage/treatment facility
(Wes Wilson, U.S. Environmental Protection Agency, person-
al communication, May 2008).
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Climate

Climate in the San Pitch River drainage basin ranges from
semiarid in Sanpete Valley to subhumid in the surrounding
uplands (Robinson, 1971; U.S. Department of Agriculture,
2005). The area is characterized by large seasonal and daily
temperature variations, especially during the summer (Robin-
son, 1971; U.S. Department of Agriculture, 2005). The clos-
est weather station to southern Sanpete Valley is the Manti
station, north of the study area. Temperatures reach a nor-
mal maximum of 86.7°F (30.4°C) and a normal minimum of
13.9°F (-10°C) recorded at the Manti station (Ashcroft and
others, 1992). Normal annual precipitation ranges from 9.85
inches (25 cm) to 13.74 inches (35 cm). The average number
of frost-free days in Sanpete County at Manti is 127 (Ashcroft
and others, 1992). The local weather station for central Se-
vier Valley is located in Gunnison. Normal annual precipita-
tion in the valley measured at Gunnison is 9.18 inches (23.3
cm) (Ashcroft and others, 1992). Temperatures reach a normal
maximum of 91.5°F (33°C) and a normal minimum of 11.4°F
(-11.4°C) recorded at the Gunnison station (Ashcroft and oth-
ers, 1992). The average number of frost-free days in Sanpete
County at the Gunnison station is 104 (Ashcroft and others,
1992).

Most of the precipitation in the San Pitch River drainage basin
falls as snow in the mountains, particularly the Wasatch Pla-
teau, from November to April (Robinson, 1971). The months
of June through August are generally the driest, although brief,
intense thunderstorms can locally produce large precipitation
totals (Robinson, 1971). At elevations above 8000 feet (2500
m), the Wasatch Plateau receives an average of 24 inches (60
cm) of precipitation annually (normal climatic information
is not available) (Ashcroft and others, 1992). Normal annual
precipitation ranges from 8 inches (20 cm) in Sevier Valley to
20 inches (50 cm) in higher mountain elevations (Covington
and Williams, 1972).

Normal annual evapotranspiration in Sanpete Valley at Manti
is 45.81 inches (116.4 cm) (Ashcroft and others, 1992). Rob-
inson (1971) noted that average annual evaporation in the San
Pitch River drainage basin is 3.5 times greater than average
annual precipitation; based on data from the Manti station for
a recording period from 1893 to 2007, average annual evapo-
ration is 3.3 times greater than the average annual precipita-
tion ((Moller and Gillies, 2008). Normal annual evapotrans-
piration in central Sevier Valley at Gunnison is 51.22 inches
(130 cm) (Ashcroft and others, 1992).

PREVIOUS HYDROGEOLOGIC
INVESTIGATIONS

Lambert and others (1995) examined the hydrology of the
Sevier-Sigurd ground-water basin and other ground-water
basins that include central Sevier Valley and part of south-

ern Sanpete Valley. Sandberg and Smith (1995) reported on
a 1988 seepage study above the Sevier Bridge Reservoir,
including areas in southern Sanpete and central Sevier Val-
leys. Wilberg and Heilweil (1995) conducted a hydrogeologic
study, which included ground-water chemistry analysis and
digital ground-water flow modeling for northern Sanpete Val-
ley. Lowe and Snyder (1996) and Snyder and Lowe (1998)
mapped recharge and discharge areas for the principal val-
ley-fill aquifers in Sanpete and Arapien Valleys. Wallace and
Lowe (1997) mapped ground-water quality in Sanpete and
Arapien Valleys. Lowe and others (2002) evaluated the rela-
tionship of ground-water quality to geology and other sources
of nitrate contamination for the valley-fill aquifer of Sanpete
and Arapien Valleys. Bishop and others (2007) mapped rec-
ommended maximum densities of septic tank soil-absorp-
tion systems used for wastewater disposal. Lowe and others
(2007) mapped ground-water sensitivity and vulnerability to
pesticides. Wallace and others (2007) analyzed water-quality
data and compiled water-quality, recharge-area, and septic-
tank density maps as science-based land-use planning tools to
help protect ground-water quality in Sanpete County.

GEOLOGIC SETTING

Most of the following summary of Sanpete County geology is
from the original work of Spieker (1946, 1949a, 1949b), Wit-
kind and others (1987), Witkind and Weiss (1991), and modi-
fied from Lowe and others (2002). Plate 3 shows a simplified
geologic map for so