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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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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-

Figure 1. Location of the study area in Sanpete County, Utah.
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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 A1). 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 δ15NNO3 and δ18ONO3, for isotopes 
in nitrate), tritium (3H), CFCs, carbon-14 (14C), and carbon-13 
(δ13C). Twenty-four samples were tested for δ15NNO3 and 22 
for δ18ONO3, 23 for 3H, 17 for CFCs, and 21 wells for 14C and 
δ13C. 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 
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abundance of the isotope in a standard and expressed as: 
 

 δ Isotope (in ‰)=[(Rsample/RStandard)-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 ‰, 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 (N2) and nitrogen 
isotopes are commonly represented as δ15N (where δ15N=0 
‰ for N in air); the standard for oxygen is Vienna Standard 
Mean Ocean Water (VSMOW) (Gonfiantini, 1978), with the 
oxygen isotope reported as δ18O. Nitrogen has two common 
stable isotopes: 15N and 14N. Oxygen has three common stable 
isotopes: 16O, 17O, and 18O. 

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 δ15N value range from –2 to +2‰, non-cultivated fertilized 
soils typically have a δ15N value range from 0 to +8‰ (Canter, 
1997; Kendall, 1998), values that range between -5 and 5‰ 
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‰ 
(Kendall, 1998), but have been reported as low as 0‰; Canter 
(1997) reports decomposed animal waste having a range from 
+10 to +22‰. Animal waste is common to barnyard and feed 

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 δ18ONO3 
values greater than 15‰ and lower δ15NN03 values (less than 
10‰) (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 δ15NNO3 
and δ18ONO3 was performed by the University of Waterloo, 
Ontario, Canada.

Tritium: Tritium (3H) 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; tritium 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, tritium 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 1018 

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. 

Figure 2. Plot of nitrogen and oxygen isotopes characterizing sources of nitrate, (from Kendall, 1998).
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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 (14C) 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 20th 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 14C, 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 14C. Carbon-14 is not 
part of the water molecule, so 14C 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 14C. 

Figure 3. Summary of the range of δ15N values for septic waste, animal waste, fertilized soil, and natural soil, 
compiled from global sources, (modified from figure 16.4, Kendall, 1998).
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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 δ18OH20 and 
δDH20, but with the Vienna Pee Dee Belemnite (VPDB) as the 
reference standard. The δ13C 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. 

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 hm2) 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 southern Sanpete and central Sevier Valleys. 

The San Pitch and Sevier River drainage basins are in the 
Basin and Range-Colorado Plateau transition zone (Stokes, 
1977), which contains features characteristic of both the Basin 
and Range and Colorado Plateau physiographic provinces. 
Stratigraphic units exposed in the Sanpete Valley area range 
from Jurassic to Quaternary in age. The San Pitch Mountains 
and Wasatch Plateau both consist of Jurassic to Tertiary sedi-
mentary rocks, capped by Tertiary limestone. The Cretaceous 
section consists mostly of Upper Cretaceous clastic sedimen-
tary rocks. Underlying the Cretaceous units are the Jurassic 
Twist Gulch Formation and evaporite-bearing Arapien Shale. 

Structurally, Sanpete Valley is bounded on the east by the 
50-mile-long (80 km) Wasatch monocline, along which Upper 
Cretaceous and Tertiary strata dip steeply to the west below 
Sanpete Valley from their near-horizontal dip atop the Wa-
satch Plateau (Spieker, 1946, 1949a, 1949b). Some of these 
tilted beds have been cut by westward-flowing consequent 
streams to form deep, sinuous canyons extending eastward 
into the Wasatch Plateau (Witkind and others, 1987). The 
westward dip becomes less steep beneath Sanpete Valley al-
luvium (Spieker, 1946, 1949a, 1949b). 

Unconsolidated valley-fill deposits are at least 300 feet (100 
m) thick in the center of southern Sanpete Valley (plate 3). 
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The valley fill is predominantly fluvial and alluvial-fan de-
posits consisting mainly of poorly sorted gravel, gravelly 
sand, and, locally, sand and sandy silt, interlayered with silt 
and clay. The valley-fill deposits generally become more fine 
grained toward the valley center.

West of Sanpete Valley and northeast of central Sevier Val-
ley, the north-south-trending San Pitch Mountains consist 
of sedimentary rocks that have been folded to form a south-
ward-plunging syncline (Witkind and others, 1987; Witkind 
and Weiss, 1991). Local diapirism has modified structures in 
several places in Sanpete County (Weiss and Sprinkel, 2002), 
especially in the south where the Arapien Shale is exposed 
along Sevier Valley’s western margin. The Arapien Shale is 
the dominant rock type exposed in the White Hills, which sep-
arate southern Sanpete Valley from central Sevier Valley. Hyl-
land and Machette (2008) mapped the southernmost extension 
of the Wasatch fault zone (the Fayette Segment) at the base 
of the western slope of the San Pitch Mountains north of the 
town of Fayette. The Fayette segment forms the eastern mar-
gin of northern Sevier Valley (Hylland and Machette, 2008). 

The Valley Mountains bound Sevier Valley on the west. Struc-
turally, the Valley Mountains exhibit faulted and tilted strata, 
typically dipping eastward at 15 to 35 degrees (Willis, 1991). 
Deeply dissected pediment surfaces flank the Valley Moun-
tains and conceal faulted and folded, dominantly Tertiary-age 
bedrock (Willis, 1991). Faults are typically high-angle normal 
faults that trend northward or eastward and have up to 2500 
feet (760 m) of vertical displacement. A north-south-trending 
zone of mostly east-facing fault scarps located near Hayes 
Canyon and named the Dover fault zone by Hylland and Ma-
chette (2008) is on-trend with the Levan segment of the Wa-

satch fault zone to the north. A west-facing fault scarp north of 
Hayes Canyon is part of the Dover fault zone, which extends 2 
kilometers (1.2 miles) south of Hayes Canyon. The down-to-
the-east fault is mapped south of Hayes Canyon (concealed) 
and has an estimated vertical offset of 4000 feet (1220 m) in 
undifferentiated Quaternary and Tertiary deposits (Petersen, 
1997). Unconsolidated sediments of central Sevier Valley are 
up to 575 feet (175 m) thick based on drillers’ logs (Petersen, 
1997). Unconsolidated sediments consist of clay, silt, sand, 
and gravel that formed in alluvial-fan, fluvial, and lacustrine 
environments. Mesozoic and Tertiary strata likely underlie 
these sediments and form the east-dipping, west flank of a 
large, faulted syncline, similar to folded strata composing the 
San Pitch Mountains (Willis, 1991).

GROUND-WATER CONDITIONS

Aquifer Characteristics

Ground water in the southern Sanpete and central Sevier Val-
ley areas (also referred to as the Redmond-Gunnison/Gunni-
son-Sevier Bridge Reservoir basins in Lambert and others, 
1995) is obtained principally from unconsolidated deposits 
of the valley-fill aquifers (Wilberg and Heilweil, 1995; Lam-
bert and others, 1995), where it occurs under confined and 
unconfined conditions (Robinson, 1971). Where the principal 
valley-fill aquifers are under confined conditions, they are 
generally overlain by a shallow unconfined aquifer (figure 4). 
The apparent potentiometric surface in the valley-fill aquifer 
is irregular and depends on the well depth, season, and the 
year water-level measurements are made (Robinson, 1971; 

Figure 4. Schematic diagram showing ground-water conditions in the study area, (modified from 
Lambert and others, 1995).
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Figure 5. Potentiometric surface of the principal ground-water reservoir for the shallow 
confined zone for September 1988, central Sevier Valley, Utah, (modified from Lambert 
and others, 1995).

(modified from Lambert and others, 1995).

Lambert and others, 1995). In unconfined parts of the aquifer, 
the potentiometric surface corresponds to the water table. In 
Sanpete Valley, ground water generally flows westward from 
the Wasatch Plateau and eastward from the San Pitch Moun-
tains toward the San Pitch River, and then southward toward 
Gunnison Reservoir. 

The central Sevier Valley is the northernmost extension of 
the larger Sevier-Sigurd hydrologic basin. In central Sevier 
Valley, ground water flows from south to north toward Se-
vier Bridge Reservoir and in the same general direction as 
the north-flowing Sevier River (figure 5). Valley-fill thickness 
ranges from 50 feet (15 m) near the San Pitch River to 320 
feet (96 m) west of Gunnison (Young and Carpenter, 1965). In 
general, alluvial-fan deposits and pediment surfaces are com-
mon on valley margins. Fluvial deposits of the Sevier River 
floodplain and lacustrine deposits of highstand Lake Bonnev-
ille sediments (Hylland and Machette, 2008) are more com-
mon in the valley center. Basin-fill deposits near Fayette are 
500 feet (150 m) thick and consist of fine-grained material 
(Young and Carpenter, 1965). The thickness of deposits near 

Sevier Bridge Reservoir is unknown due to the presence of the 
reservoir, and is assumed to be relatively thin in some loca-
tions (Young and Carpenter, 1965). 

Based on the above descriptions of basin-fill deposits and ex-
amination of drillers’ logs for the area, the aquifers of south-
ern Sanpete and central Sevier Valleys are composed of het-
erogeneous units. Both valleys are characterized by coarse-
grained alluvial-fan marginal deposits that grade into fluvial 
and/or fluvial-lacustrine finer grained deposits. Confining (or 
clay) layers are discontinuous; the degree of interconnected-
ness between coarser grained material is unknown. The use 
of drillers’ logs requires interpretation because of the variable 
quality of the logs. Correlation of geology from well logs is 
difficult because lithologic descriptions prepared by various 
drillers are generalized and commonly inconsistent. Use of 
water level data from well logs is also problematic because 
levels in the shallow unconfined aquifer are commonly not 
recorded and because water levels were measured during dif-
ferent seasons and years. A detailed report on ground-water 
conditions in the study area is not available. Ground-water 
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flow, in general, is higher in more permeable material having 
greater hydraulic conductivity; no hydraulic conductivity data 
exist for the study area. 

Plate 3 illustrates the relative thickness of unconsolidated 
valley-fill deposits in southern Sanpete and central Sevier 
Valleys. Plate 3 represents a compiled isopach map based 
on information from 77 drillers’ well logs (appendix B) and 
previously published cross sections, and is superimposed on 
a compiled geologic map. The majority of densely spaced 
wells are in the Sterling and Mayfield areas; I determined the 
bedrock depth based on some of those well logs. The actual 
thickness in the middle part of the valley may be greater than 
the illustrated thickness (plate 3) because wells in the middle 
part of the valley do not penetrate bedrock. The thickness of 
valley-fill material generally increases toward the center, and 
thins toward valley margins. 

Water Quality 

Water quality from fractured-rock aquifers in the San Pitch 
River drainage varies. Robinson (1971) attributed high spe-
cific conductance in water in fractured-rock wells along the 
east-central margin of Sanpete Valley to dissolution of min-
erals in the Green River Formation and Arapien Shale. Rob-
inson (1971) indicated some of these wells were too saline 
for culinary use; for example, a specific conductance of 4800 
micromhos per centimeter at 25°C (a TDS of about 3200 
mg/L) was measured from a 1500-foot- (457 m) deep well in 
northern Sanpete Valley. Evaporites from the Arapien Shale 
beneath the San Pitch Mountains likely increase ground-water 
salinity in southwestern Sanpete Valley (Richardson, 1907; 
Robinson, 1971) and east-central Sevier Valley. The Flagstaff 
Limestone, composed of limestone, siltstone, and sandstone, 
yields water to springs in the central Sevier Valley and is an 
important water resource where it contains solution fractures 
(Lambert and others, 1995). 

Away from areas of high nitrate concentrations, water quality 
in southern Sanpete and central Sevier Valleys’ principal val-
ley-fill aquifers is commonly good and suitable for most uses. 
Ground water in the valley-fill aquifers is generally a mixed 
type containing calcium, sodium, magnesium, sulfate, bicar-
bonate, and chloride ions (Wilberg and Heilweil, 1995; Lam-
bert and others, 1995, figure 38). Nitrate, typically associated 
with human activities, has been identified in ground water in 
Sanpete Valley in previous studies (common anthropogenic 
sources include septic tanks, agricultural fertilizer, and ma-
nure from feeding operations). A nitrate concentration exceed-
ing the EPA maximum contaminant level (MCL) (10 mg/L 
nitrate as nitrogen) was identified in a Sanpete County public-
supply well in the 1990s (Horns, 1995); the well was replaced 
and taken off line. Nitrate concentrations for ground water in 
the principal valley-fill aquifer in Sanpete Valley range from 
0.02 to 40.2 mg/L (Lowe and others, 2002; Wallace and Lowe, 
2005). Nitrate data from a public-supply spring for the town 
of Centerfield maintains a 7 mg/L concentration (Keith James, 

town of Centerfield, personal communication, November 
2006); a test well sited by Sunrise Engineering and drilled by 
Wright Drilling, Inc., for Centerfield in Hayes Canyon yielded 
a nitrate concentration of 16 mg/L and has since been filled in 
and sealed (John Iverson, Sunrise Engineering, personal com-
munication, 2006). 

SOURCES OF GROUND-WATER QUALITY 
DEGRADATION

Background 

A detailed discussion of potential sources of ground-water 
quality degradation in Sanpete Valley is given in Lowe and 
others (2002) and attached as appendix C. Degradation in 
ground-water quality may be due to either natural sources 
or contamination associated with human activities. Many 
constituents dissolved in water are derived from geologic 
materials such as rock or sediment. Common sources of wa-
ter-quality degradation in rural areas include natural agents 
(atmospheric, biologic, and geologic), agricultural activities 
(irrigation, pesticide and fertilizer application, nitrogen-fixing 
crops, livestock grazing, and feed-lot operations), and septic-
tank systems (pathogens, household and industrial chemicals, 
phosphate, and nitrate). Changes in land-use practices in arid 
regions in the western U.S. have also affected trends of water 
quality with emphasis on nitrate contamination (Xu and oth-
ers, 2007). 

Potential Contaminant Mapping 

I mapped potential ground-water contaminant sources includ-
ing facilities related to mining, manufacturing, agricultural 
practices, and wastewater treatment (plate 2; appendix D). 
Approximately 365 potential contaminant sources were iden-
tified in the following categories in Sanpete Valley: 

(1) Mining, which includes abandoned and active grav-
el mining operations and borrow pits that potentially 
contribute metals, solvents, and petroleum products. 

(2) Agricultural practices, which consist of irrigated and 
non-irrigated farms, active and abandoned animal 
feed lots, corrals, and stables/barnyards, that poten-
tially contribute nitrate. 

(3) Animal wastes that are dominantly produced from 
feeding facilities, waste transported by runoff, and 
excrement on grazing or pasture land that poten-
tially contribute nitrate. 

(4) Industrial wastes that potentially contribute pes-
ticides, metals, solvents, petroleum products, and 
polychlorinated biphenyls from a variety of sources 
such as salt production/storage facilities, transpor-
tation facilities, transformer (power) stations, and 
excavating facilities. 
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(5) Small businesses, such as laundromats, beauty 
parlors, and dry cleaners, some of which may con-
tribute pollutants, such as solvents, into the ground-
water system. 

(6) Large lawns, including parks, cemeteries, and nurs-
eries, that may contribute fertilizer and pesticides. 

(7) Service stations, including auto shops and gas sta-
tions, that may contribute fuel, oil, antifreeze, and 
solvents; junkyard/salvage operations that may 
contribute pollutants such as metals and solvents. 

(8) Waste-disposal sites that may contribute pollutants 
such as solvents, metals, and nitrate. 

(9) Storage tanks that may contribute pollutants such as 
fuel and oil. 

(10) Medical facilities, including dental and health clin-
ics, and pharmaceutical and veterinarian services, 
that may contribute pollutants such as metals and 
solvents.

In addition to the above-described potential contaminants, 
septic tank soil-absorption systems are also prevalent in 
southern Sanpete and central Sevier Valleys. Between 1981 
and 2000, about 150 wastewater permits were issued each 
year in Sanpete County (George Johansen, Central Utah Pub-
lic Health Department, verbal communication, 2000). This is 
an indication that more than 4000 septic tanks may have been 
installed since 1981. Outside of towns and cities, septic-tank 
systems in Sanpete County, until recently, have been widely 
spaced. Septic-tank systems may contribute contaminants 
such as nitrate and solvents. 

WATER-QUALITY RESULTS

Ground-water quality in southern Sanpete and central Sevier 
Valleys is generally good; TDS concentrations are primarily 
below 1000 mg/L, although elevated TDS and nitrate con-
centrations exist in the valley-fill aquifers. A tri-linear Piper 
diagram showing general chemistry for 74 water samples 
indicates that ground-water chemistry is variable throughout 
both valleys (figure 6). Appendix B summarizes the general 
chemistry, nutrients, and metals; table 1 summarizes environ-
mental tracer data. 

Total-Dissolved-Solids Concentrations 

Measured TDS concentrations range from 202 to 3530 mg/L 
(plates 1 and 4); the average TDS concentration from the val-
ley-fill aquifers is 915 mg/L. Total-dissolved-solids concentra-
tions for ground-water samples from 67% of the wells tested 
for general chemistry are below 1000 mg/L. A concentration 
of 1000 mg/L is a threshold value deemed by Utah Division of 
Drinking Water regulations that require public-water suppliers 
to document that no better water quality is available, other-
wise, the maximum contaminant level for TDS in water from 

public-supply wells is 2000 mg/L. In this study, the highest 
quality water, in terms of low measured TDS, exists along the 
western margin of central Sevier Valley and northeast of Fay-
ette along the southwestern margins of the San Pitch Moun-
tains; in southern Sanpete Valley, highest water quality exists 
east of Sterling and south and east of Mayfield in the canyon 
and tributary areas (plates 1 and 4). 

Ground water having TDS concentrations less than 1000 mg/L 
in central Sevier Valley ranges from 360 to 688 mg/L. In the 
central part of the central Sevier Valley, TDS concentrations 
are generally between 1000 and 3000 mg/L, but values range 
from 904 to 2632 mg/L (plates 1 and 4). Ground water hav-
ing TDS concentrations less than 1000 mg/L in the Mayfield 
area ranges from 202 to 978 mg/L, but some wells have TDS 
concentrations up to 1418 mg/L. Ground-water TDS concen-
tration in the Sterling area ranges from 522 to 1018 mg/L; the 
highest TDS value in the Sterling area is 1650 mg/L. Water 
having TDS greater than 3000 mg/L exists in only two wells, 
one completed in red shale and located southwest of Mayfield 
near the Arapien Shale of the White Hills and the other com-
pleted in the Flagstaff Limestone north of Gunnison (plates 1, 
3, and 4). As mentioned above, previous investigators have at-
tributed elevated TDS concentrations to the Jurassic Arapien 
Shale and the Tertiary Green River and Crazy Hollow Forma-
tions. Comparison of plates 3 and 4 supports this conclusion. 
Return irrigation water also likely contributes to higher TDS 
values.

Nitrate Concentrations 

Nitrate values range from less than 0.1 mg/L to 39 mg/L 
(plates 5 and 6; appendix B), average nitrate concentration in 
the valley-fill aquifer is about 6.5 mg/L, 51% of the ground 
water from wells analyzed for nitrate yielded values greater 
than 5 mg/L, and 59% yielded values greater than 3 mg/L. 
Twenty samples (20%) of the water from water wells, springs, 
and streams analyzed for this study exceeded the EPA stan-
dard of 10 mg/L. The average nitrate concentration of 6.5 
mg/L and large percentage of wells having relatively high 
nitrate concentration (greater than 5 mg/L) are atypical com-
pared to other rural areas in Utah (Lowe and Wallace, 1999a, 
1999b; Lowe and others, 2002, 2003). The highest nitrate con-
centrations (>10 mg/L) exist (1) in the northwestern margin of 
central Sevier Valley south of Sevier Bridge Reservoir, (2) in 
the valley center of central Sevier Valley between Centerfield 
and Axtell, (3) along the east side of the hills bounding the 
east side of Gunnison Reservoir near Sterling, and (4) south 
of Mayfield along the valley margin (plates 5 and 6). A well 
sampled by the UDAF east of Sevier-Bridge Reservoir in the 
northwestern part of the Sevier Valley located on a dairy farm 
has a nitrate concentration of 23 mg/L. This well has a depth 
similar to the surrounding wells on the farm, which have ni-
trate concentrations less than 1 mg/L. The high nitrate concen-
tration is considered to be an anomaly caused by conditions 
unique to that particular well, possibly local ground subsid-
ence (Steve Deacon, UDAF, written communication, Febru-
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ary 2009). This well is not included in plate 5 and will not be 
discussed further. Sources of nitrate in other sampled wells are 
discussed in subsequent sections. In general, the areas shown 
on plate 5 where the highest nitrate concentration wells exist 
coincide with the TDS contour interval of 1000 to 3000 mg/L 
(plate 4). 

Other Chemical Constituents 

EPA drinking-water standards were exceeded for arsenic in 
ground water from six wells and for selenium in one (appen-
dix B). Secondary drinking-water standards were exceeded 
in 25 wells for sulfate, 19 for chloride, and 3 for iron; these 
constituents are not deleterious to human health, but may im-

part an unpleasant taste, odor, or color to the water (appendi-
ces A and B). All samples tested for iron had concentrations 
that were less than the detection limit (<100 µg/L), except the 
three wells mentioned above. 

NITRATE SOURCES

Background 

Nitrogen in the natural environment is abundant and is de-
rived from a multitude of sources. Whole-earth abundance of 
nitrogen is 0.03%, with 97.76% of the total nitrogen present 

Figure 6. Piper diagrams showing chemistry type for all ground-water samples from southern Sanpete County. 6a) shows chemistry 
type for all water samples; 6b) shows chemistry for 36 wells in central Sevier Valley; 6c) shows chemistry for 40 samples in southern 
Sanpete Valley near Sterling and Mayfield.
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Table 1. Environmental tracer data for ground-water samples.

Site ID1 d15N 0/00 d180NO3 
0/00 3H T.U. 3H +/- d13C 0/00 14C (PMC)

14C Age2 
(yr B.P.)

CFC-11 
Rech. year

CFC-12 
Rech. year

CFC-113 
Rech. year

3H Age4 Interpreted age Well depth 
(feet)

Northern Central Sevier Valley

229 3.60 13.60 0.0 0.26 -8.03 5.09 19,000 1966.5 1968 1970 pre1952 mixed 265

232 3.28 -0.84 0.0 0.23 -8.22 26.42 5,750 1985.5 1987.5 1983 pre1952 mixed 75

189  -  - 4.4 0.23  -  -  -  -  -  - mixed/
modern mixed 98

184 3.46 1.00 5.9 0.4 -8.03 33.46 3,750 1974.5 1980 1975.5 modern mixed 160

211 6.73 1.25  -  -  -  -  -  -  -  -  -  - 200

188 7.98 -3.54 5.6 0.3 -7.46 13.93 10,500 1972 1971.5 1972.5 modern mixed 199

193 13.82 5.72 6.0 0.27 -12.53 101.17 modern 1974.5 1984.5 1976.5 modern <1974 55

194 11.14 4.71 7.5 0.4 -10.63 85.39 modern 1974 1985 1975.5 modern <1974 158

240 4.44 0.84 1.6 0.27 -8.39 16.62 9,250 1959 1963.5 1943 mixed mixed 220

242 8.01 2.01 7.0 0.4 -10.05 90.16 modern 1976 1996 1977 modern <1977 78

183 6.78 7.11 8.5 0.3 -6.96 46.74 500  -  -  - modern mixed 274

182 6.23 -0.64 9.8 0.4 -10.92 95.65 modern Contam3 Contam3 1981 modern modern 135

Southern Central Sevier Valley

190 5.26 0.10 9.3 0.4 -11.16 95.61 modern - - - modern modern 84

201 4.08 -2.63 10.0 0.4  -  -  -  -  -  - "bomb age" "bomb age" 87

236 7.92 -0.22 7.4 0.3 -7.46 76.18 modern Contam3 1981.5 1971 modern <1971 57

Mayfield area

209 7.43 -0.94 10.2 0.5 -11.66 81.24 modern 1989.5 1986  - "bomb age" <1952 56

203 7.21 -0.39 10.2 0.4 -10.39 74.92 modern 1989 2000 1943 "bomb age" <1952 120

206 8.66 1.04  -  -  -  -  - 1989 1978 1943  - <1943 160

200 8.65 2.39 2.7 0.2 -9.43 38.01 2,500 1977.5 1980 1977 mixed mixed 185

233 7.77  - 9.5 0.4 -10.87 82.1 modern  -  -  - modern modern spring

204 7.77  - 11.1 0.4 -10.14 64.21 modern  -  -  - "bomb age" <1952 spring

Sterling area

213 9.75 0.41 10.8 0.4 -12.89 110.81 modern  -  -  - "bomb age" <1952 75

221 7.27 0.22 8.0 0.4 -10.71 73.32 modern Contam3 1986.5 1943 modern <1943 40

224 10.51 -1.41 9.5 0.4 -11.32 93.41 modern 1982.5 1975.5 1943 modern <1943 98

228 6.37 -2.69 13.4 0.5 -10.70 81.73 modern 1981.5 1989.5 1978 "bomb age" <1952 103
 1Site ID in appendix B. 2Carbon age calculations by A. Mayo, BYU, written communication, 5/25/08. 3Contaminated.  4Tritium ages from Clark and Fritz (1997), modern refers to <10 years.
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in rocks, 2.01% in the atmosphere, and the remainder in the 
hydrosphere and biosphere (Kendall, 1998). Nitrogen ox-
ides are present in the environment and can undergo various 
chemical reactions that produce H+, eventually converting the 
nitrogen (N) to nitrate (NO3

-) or ammonia (NH3). Nitrogen 
that is present as NH4

+ can transform to ammonia in basic en-
vironments and subsequently can be released as NH3 gas to 
the atmosphere (Canter, 1997). With increasing oxygen con-
tent, nitrification of ammonium occurs (NH4

+ to NO3
-). When 

anoxic conditions prevail, denitrification of nitrate can occur 
with the production of N2 gas (Canter, 1997). Identifying ni-
trogen derived from single or multiple sources is difficult to 
determine due to complex chemical, biological, and physical 
interactions that occur in the environment. Figure 7 shows the 
complex nature of the nitrogen cycle and the types of chemi-
cal, physical, and biological processes involved with nitrifica-
tion and denitrification of septic-tank effluent. The cycle is 
similar for other nitrate sources. Under ideal circumstances, 

Figure 7. Diagram of the nitrogen cycle in the environment, (modified from Hansen, Allen, and Luce, Inc., 1994).
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the analysis of nitrogen and oxygen isotopes can help deter-
mine the source of nitrogen; more commonly, the interaction 
of nitrogen and oxygen with other chemical and biological 
species obscures the true origin of the nitrate species. 

Both natural and anthropogenic sources of nitrate are common 
(appendix C). Natural sources of nitrogen can contribute, to 
some extent, nitrate concentrations in ground water; natural 
sources include atmospheric, biologic, and geologic compo-
nents. Common anthropogenic sources include septic-tank 
systems, fertilizer, agricultural practice (current and histori-
cal), animal-feeding operations, and improperly sealed/con-
structed wells. Ground water having less than 0.2 mg/L nitrate 
is assumed to represent natural background concentrations; 
ground water having nitrate concentrations between 0.21 and 
3.0 mg/L is considered transitional, and may or may not rep-
resent human influence (Madison and Brunett, 1985). Ground 
water having concentrations exceeding 3 mg/L is typically as-
sociated with human- or animal-derived sources, but higher 
concentrations have also been identified with natural sources 
(Green and others, 2008), albeit less commonly. 

Nitrate Source Analysis 

Herein, I attempt to identify the sources of nitrate in ground 
water in southern Sanpete and central Sevier Valleys based 
on the data presented in this report with the caveat that pro-
cesses such as mixing of different sources of water in aqui-
fers, ammonia volatilization, denitrification, and nitrification 
complicate the analysis for determining a source or sources of 
nitrate contamination for each high-nitrate well. In addition, 
this report utilizes data from only one sampling event; numer-
ous sampling events examining temporal and spatial trends in 
water chemistry is desired in order to document and under-
stand long-term sustainability of the ground-water resource. 

I determined statistical correlations between some of the data 
included in appendix B and various land-use parameters, 
and provide the correlation coefficient (and the statistical 
“R-squared”) for each set of graphs. Correlation coefficients 
range between 1 and -1, and are used for analyzing the rela-
tionship between selected data sets. A value near 1 or -1 indi-
cates a predictable relationship between data sets, whereas a 
value approaching zero reflects a non-predictable relationship 
between selected parameters. As discussed below, most of the 
results correspond to non-predictable relationships, which in-
dicate most of the compared data sets correlate poorly and are 
not interrelated.

“Geologic nitrogen” was first recognized by Boyce and oth-
ers (1976) as nitrogen associated with certain geologic for-
mations, sedimentary and inorganic in origin. The weathering 
of nitrogen from rock can potentially affect the chemistry of 
water and soil (Holloway and others, 1998). The term “geolog-
ic nitrogen” was used to describe the source of high-nitrogen 
soils on alluvial fans in the San Joaquin Valley of California 
(Sullivan and others, 1979; Strathouse and others, 1980). The 

contribution of weathered rock from the Diablo Range to soil 
nitrogen in the western San Joaquin Valley was explored by 
Sullivan and others (1979). The chemical state of this nitrogen 
includes fixed and exchangeable ammonium sorbed to clay 
and organic surfaces, organic matter, and natronite, a sodium 
nitrate salt (Sullivan and others, 1979). The revegetation of 
coal mine spoils in the Canadian Rockies is facilitated by high 
nitrogen concentrations in the soils (Fyles and others, 1985). 
Holloway and others (1998) specifically analyzed rocks in 
the Mokelumne River watershed in California to determine 
if bedrock could be a source of stream-water nitrate and re-
ported that metasedimentary rocks containing appreciable 
concentrations of nitrogen contributed a significant amount of 
nitrate to surface waters. They concluded that nitrogen-rich 
rocks in the watershed, though occupying a small areal ex-
tent, had a greater influence on water quality than the areally 
extensive nitrogen-poor metavolcanic and plutonic rocks in 
the watershed. 

Coal deposits are one potential contributor of geologic nitro-
gen (see appendix C) in the San Pitch and Sevier River drain-
age basins. Alluvial-fan sediments deposited by streams drain-
ing the Wasatch Plateau in the Sixmile Canyon area would be 
the most likely units to contain coal debris in the valley fill of 
Sanpete Valley; less extensive coal deposits are also found in 
a few canyons in the San Pitch Mountains. However, nitrate 
concentrations from Sixmile Creek up Sixmile Canyon (0.32 
mg/L) and from water obtained from a public-supply source 
via an inactive coal mine (<0.1 mg/L) along the east side of 
Sanpete Valley are generally low (plate 5, appendix B). There-
fore, I do not attribute high nitrate concentrations in ground 
water from any wells to geologic nitrogen from coal. 

Elevated nitrate concentrations near fault zones are another 
potential geologic source. Hydrothermal alteration may 
produce ammonium-rich minerals by replacing potassium 
in micas and feldspar with ammonium (Altaner and others, 
1988). Ammonium-bearing alunite, a mineral indicative of 
acidic solutions at certain temperatures, coupled with high 
ammonium and low potassium in solution, is associated with 
hydrothermal systems in Nevada, California, Colorado, and 
Utah (Altaner and others, 1988). Nitrogen from these min-
erals, if present, could then be dissolved in ground water 
flowing along faults (Lowe and Wallace, 2001). Many wells 
having high nitrate concentration are located on or near fault 
zones in both southern Sanpete and central Sevier Valleys 
(plates 3 and 5); the Hayes Canyon-Centerfield well having a 
nitrate concentration of 16 mg/L is mapped within the Dover 
fault zone of Hylland and Machette (2008), and several wells 
and springs in the Mayfield area having nitrate concentrations 
ranging from 7 to 25 mg/L are located on or near mapped nor-
mal faults. Additional sampling and analysis of rocks, miner-
als, and ground water along and near fault zones may help de-
termine whether nitrogen or nitrate exists through isotopic and 
nutrient analysis of soil, rock, and water when/if new wells 
are drilled in these areas.
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Another potential source of geologic nitrogen is from resid-
ual nitrate attached to soil in the vadose zone, especially on 
alluvial-fan and pediment surfaces (Graham and others, 2008) 
and in areas having high evapotranspiration rates (Green and 
others, 2008). Desert pavement on alluvial-fan and pediment 
surfaces is also a source of high soil nitrate concentrations 
(Graham and others, 2008). In the southern Sanpete and cen-
tral Sevier Valleys, 31% of the valley-fill material consists of 
gravelly soils and 21% of sampled wells exist within gravelly 
soil deposits, compared to northern-central Sanpete Valley 
which has 15% valley-fill material and 7% of wells sampled 
within gravelly deposits (National Soil Survey Center, 2005). 
The average nitrate concentration of 6.5 mg/L for ground 
water in the southern Sanpete and central Sevier Valleys is 
nearly double the average concentration for ground water in 
northern-central Sanpete Valley (3.3 mg/L) (Lowe and oth-
ers, 2002). Many of the wells having high nitrate are located 
in gravelly soils or downgradient from gravelly soils and po-
tentially may yield ground water that contains vadose-zone 
nitrate. Nitrate analyses of well cuttings from the Hayes Can-
yon well at variable depths showed that the sediments from 
intervals above and below the water table had negligible con-
centrations of nitrate (Jack Sheets, EPA lab analyst, personal 
communication, 2007). I examined the drill cuttings micro-
scopically and described the lithology for 45 samples taken 
approximately every 10 feet from the surface to a total depth 
of 440 feet. The dominant lithology for the Hayes Canyon 
well cuttings consisted of yellow-tan, gray, and pink angu-
lar to rounded gravel clasts dominated by different types of 
limestone (some oolitic and some fossiliferous) with minor 
sandstone, siltstone, and chert (see Centerfield well log, ap-
pendix E). The well was drilled in 2004; samples remained in 
storage until 2007, so the original nitrogen content, if present, 
may have been transformed by subsequent physical, chemi-
cal, or biological processes. Data from the EPA nitrate sedi-
ment-extraction analysis is not conclusive with respect to the 
source of nitrate due to potential nitrate loss from extended 
storage (Jack Sheets, EPA lab analyst, personal communica-
tion, 2007). 

The study area, especially along the alluvial-fan dominated 
eastern margin of the Valley Mountains, shares similar geo-
morphic, climatic, and ecological conditions to areas in the 
desert southwest where studies have determined the mecha-
nism (advective transport) by which the nitrate travels ver-
tically downward (Green and others, 2008). These studies 
showed that areas having high evapotranspiration rates and 
low water-table fluxes (low flushing) result in deeper water-
table zones having relative high nitrate concentrations, versus 
areas having lower evapotranspiration rates and high water-
table fluxes (Green and others, 2008). Scanlon and others 
(2007) reported conversion of natural ecosystems to rain-fed 
agriculture impacted water quantity and quality. In semi-
arid shrublands, conversion to rain-fed agriculture decreased 
evapotranspiration by 10% and increased downward water 
fluxes well below the root zone by 1 to 2 orders of magni-
tude. They attributed the increase in recharge to replacement 

of deep-rooted perennial crops by shallow-rooted annual veg-
etation. Similar conditions of high evapotranspiration and low 
flux may exist for some wells in the study area and could ex-
plain pervasive high nitrate concentrations in areas where a 
decreased chance of dilution of high nitrate in the vadose zone 
coupled with advective transport of nitrate well below the root 
zone depth could occur. 

Non-geologic sources of residual nitrate also exist in the 
vadose zone. In semiarid regions, build-up of vadose-zone 
nitrogen results from millennia of precipitation and evapo-
transpirative concentration of nitrate in the unsaturated zone 
(Scanlon and others, 2007). A primary source of natural ni-
trate in some semiarid regions is related to unsaturated zones 
beneath native vegetation (unfertilized). Increased recharge 
due to changes in land-use practice (e.g., cultivation of for-
merly fallow fields) increases nutrient loading by flushing nu-
trients into underlying aquifers (Scanlon and others, 2007). 
Median nitrate concentrations in soil water beneath fertilized 
cropland compared to non-fertilized forests were considerably 
higher (18 mg/L versus 1.5 mg/L) based on a European study 
(Scanlon and others, 2007). Fertilizer may also be a source of 
residual nitrate in the vadose zone. Future sampling of soils in 
the vadose zone and below the water table may verify whether 
residual nitrate is a potential source contributing to ground-
water chemistry as new wells are drilled. 

Nitrogen concentrations that exceed the EPA contaminant 
level of 10 mg/L in ground water below agricultural lands in 
the U.S occur in 19% of sampled wells (Green and others, 
2008). Agricultural chemical application rates are generally 
highest on irrigated lands (Lowe and others, 2007). Differ-
ences in irrigation practices, such as conventional furrow 
irrigated versus center-pivot irrigated, can affect nitrate con-
centrations in the soil profile (Spalding and others, 2001) as 
can differences in fertilizer type. For example, applications 
of poultry manure greater than 13 mg/ha can result in nitrate 
concentrations in ground water that greatly exceed the EPA 
standard of 10 mg/L (Liebhardt and others, 1979). Some stud-
ies have shown that nitrogen from applied NH4 fertilizer may 
undergo oxidation to nitrate before transport to the water table 
(Green and others, 2008); this process may affect nitrate con-
centration in wells in the study area. 

Plate 6 shows nitrate concentration data from sampled wells 
superimposed on a land-use map (Barbara K. Perry, Utah Di-
vision of Water Resources, written communication, 2006) of 
the study area. Nitrogen-fixing crops, principally alfalfa, are 
grown in southern Sanpete and central Sevier Valleys (plate 
6), and are also irrigated. Of 77 samples analyzed for nitrate 
as part of this study, 41 are within 100 feet of the boundaries 
of irrigated lands, and 24 are within 100 feet (30 m) of alfalfa 
fields. The average nitrate concentration for all wells is 6.5 
mg/L; the average nitrate concentration for wells located on 
irrigated lands is 9.0 mg/L, and the average nitrate concentra-
tion for wells located near alfalfa fields is 9.4 mg/L. These 
values suggest that irrigation and agricultural fertilizer appli-
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cation within irrigated lands in southern Sanpete and central 
Sevier Valleys impact water quality with respect to nitrate. 
However, I did not verify fertilizer application practices in the 
study area, which would be needed to determine specific ef-
fects from fertilizer.

Animal feed-lot operations and other concentrations of do-
mestic animals are common in southern Sanpete and central 
Sevier Valleys (plate 2, appendix D). Figure 8 shows that all 
of the high-nitrate areas are in the general vicinity of current 
or former domestic farm animal operations. Figure 8 and 
plate 2 are based on field mapping of potential contaminants 
performed during October 2007 and represent a snapshot in 
time; thus, the maps do not necessarily show continual point 
sources of nitrate of pollution, but potential sources that may 
contribute nitrate to ground water. The maps do not account 
for ground-water flow direction or well depth, and they show 
some areas where low-nitrate-concentration wells exist near 
animal feeding operations. Some of these low concentrations 
can be explained by local conditions. For example, a well hav-
ing a nitrate concentration of 1.94 mg/L and situated near an 
animal feeding operation in southwestern Sanpete Valley near 
the gap in the White Hills (figure 8) penetrates bedrock that 
provides water. Another well with a nitrate concentration of 
0.09 mg/L and situated near an animal feeding operation near 
the southwesternmost point of the San Pitch Mountains and 
south of the San Pitch River (figure 8) obtains water from a 
perforated interval below two protective confining clay layers 
(15 and 25 feet [4.6 and 7.6 m] thick). The average nitrate 
concentration for all wells and springs that are within 1640 
feet (500 m) of current or former animal feeding operations is 
7.68 mg/L; the average nitrate concentration for wells that are 
located more than 1640 feet (500 m) from former or current 
animal feeding operations is 5.31 mg/L. The majority of wells 
having nitrate concentrations greater than the EPA standard 
are located within 1640 feet (500 m) of former or current ani-
mal feeding operations, and all 19 wells having nitrate con-
centrations that exceed 10 mg/L are located within 3280 feet 
(1000 m) from animal feeding operations. 

Septic-tank systems are known sources of nitrate contamina-
tion, but because they are below ground, I was not able to 
map their locations on plate 2 and I did not attempt to digitize 
home/barn structures from aerial maps to estimate septic loca-
tions. Between 1981 and 2000, about 150 wastewater permits 
have been issued each year in Sanpete Valley (George Johan-
sen, Central Utah Health Department, verbal communication, 
2000). Outside of towns and cities, septic-tank systems in 
Sanpete Valley, until recently, have been widely spaced. How-
ever, the towns initially used septic-tank systems, cesspools, 
or privies for wastewater disposal, and in some situations, old 
abandoned wells were used as cesspools (Richardson, 1907). 
These domestic wastewater facilities could have contributed 
to high nitrate concentrations in ground water in the vicin-
ity of the towns and cities. If so, high-nitrate-concentration 
ground water in the vicinity of towns and cities could be are-
ally extensive. I sampled one well immediately downgradi-

ent from the community sewage lagoons near Gunnison. The 
ground water did not yield high nitrate concentrations; the 
well was sampled two times and each sample had a nitrate 
concentration of 0.09 mg/L and an ammonia concentration 
of 0.96 mg/L (only one of two wells throughout both valleys 
having detectable ammonia). Septic tanks also can produce 
relatively high concentrations of TDS, but this is likely not 
the case in southern Sanpete and central Sevier Valleys; wells 
having high nitrate concentrations potentially associated with 
septic tanks (table 2) have an average TDS concentration of 
1175 mg/L. Figure 9 shows the relationship between nitrate 
and TDS concentration, where R-squared is 0.11 and the 
correlation coefficient is 0.32, indicating a poor correlation. 
Although some wells having high nitrate concentration also 
have elevated TDS concentrations, wells having low nitrate 
concentrations (less than 2 mg/L) and elevated TDS concen-
trations (greater than 1000 mg/L) are common, especially in 
the southern and east-central parts of the study area.	

Studies in other rural areas have shown a positive correlation 
between high (or increased) nitrate concentration in water 
from wells that are shallow (<50 feet [15 m]) and/or older in 
age (Spalding and Exner, 1993; Goss and others, 1998; Lowe 
and others, 2002). Figure 10 shows the relationship between 
nitrate concentration and well depth for 73 wells in the data 
set; the correlation coefficient is -0.1 and R-squared is 0.002 
indicating very poor correlation. The average depth for the 
high-nitrate wells is 148 feet (45 m). The average year of in-
stallation (age) of the wells having nitrate concentration above 
10 mg/L is 1986 (~23 years old), and the majority were drilled 
in the late 1990s and early 2000s (appendix B). The correla-
tion coefficient for nitrate concentration and well-installation 
year is -0.004, indicating very poor correlation. 

EXTENT OF AREAS HAVING HIGH  
NITRATE CONCENTRATION

Four different locations in the valley have wells with high 
nitrate concentrations (generally areas having one well with 
NO3>10 mg/L or two or more wells having >7 mg/L NO3) 
(plate 5); two are in areas that have been sampled more than 
once. Data indicate some of the high-nitrate wells are im-
pacted by diffuse non-point sources, and some areas are pos-
sibly affected by point-source contamination. A comparison 
of nitrate concentration data and general chemistry, nitrogen 
and oxygen isotopes, tritium, CFC, and carbon isotope data is 
presented below. 

Nitrate and General Chemistry 

The areas where wells have elevated nitrate concentrations 
share similar general chemistry, which may help determine 
the nature of the ground-water conditions. These conclusions 
are based on the results of Piper plots used to analyze and 
compare chemistry and well characteristics (appendix E) of 
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Figure 8. Location of current and former animal operation units and nitrate concentration in southern Sanpete and central Sevier Valleys.
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individual high-nitrate wells. 

I generated individual Piper plots for areas in the valley hav-
ing elevated nitrate concentration to assess whether a corre-
lation between general chemistry type and nitrate concentra-
tion exists. Plate 5 shows the locations of these high-nitrate 
concentration areas (in red). A positive correlation between 
conservative constituents (relatively non-reactive cations) 
and relatively mobile nitrate may indicate that the high-nitrate 
ground water in two or more wells 
is from a common source. 

In the northwest part of central Sevier Valley, southeast of 
Sevier Bridge Reservoir on the eastern bench of the Valley 
Mountains near Hayes Canyon (plate 5), several wells have 
yielded ground water with elevated nitrate concentrations 
(appendices B and E, table 2). A Piper plot of data from five 
wells (figure 11) indicates similar water quality. Well depths 
range between 129 and 440 feet (39–134 m) (figure 12). Total-
dissolved-solids concentrations range from 478 to 1348 mg/L, 
with an average of 662 mg/L. Three of the wells (site ID 184, 
185, and 284) yielded nitrate concentrations that exceed the 
EPA drinking-water standard. These wells are generally up-
gradient from the other wells having similar water quality but 
lower nitrate concentrations (site ID 208 and 210). Character-
istics of the wells show they penetrate mostly unconsolidated 
alluvial material (except site ID 208, which I believe was 
misinterpreted by the driller based on local geology [figure 
12, plate 3]). Both upgradient and downgradient wells likely 
penetrate the same aquifer, so the lower nitrate values for the 
wells downgradient may be due to dilution or because the 
high-nitrate ground water has not reached them. I interpret 
this area as having a common source of ground water, based 
on elevated nitrate concentration in three water wells coupled 
with established land-use practice (appendix F) and similar 
general chemistry (table 2). South of this area, some high-
nitrate wells (site ID 187 and 188) are located near low-nitrate 
wells (site ID 183 and 186) (plate 5), and probably represent 
single-well contaminations. 

A Piper plot of data from eight wells south of Centerfield 
(figure 13) indicates similar water quality and the potential 
for ground-water mixing. Depths for four high-nitrate wells, 
clustered in the valley center and in closest proximity, are be-
tween 49 and 107 feet (15–33 m). All but one of these four 
wells at this southern location are less than 100 feet (30 m) 
deep, drilled between 1941 and 1979, older than the average 
year of installation of 1986 in both valleys. Total-dissolved-
solids concentrations for these same wells range from 994 to 
2488 mg/L (figure 14), with an average concentration of 1647 
mg/L. These four wells have elevated nitrate concentrations 
and are located both upgradient and downgradient from the 
low-nitrate wells (figure 13). Well characteristics show these 
four wells penetrate alluvial material consisting of sand, silt, 
and clay, and have a 20-foot or greater confining layer present 
near the surface in all wells (figure 14). The shallow nature 
of the wells, similar water quality, and nitrate concentrations 
support the possibility of a high-nitrate ground-water source 
mixing with one or more lower nitrate sources, each having 
similar general chemistry. 

A Piper plot of data from nine wells southeast of the town 
of Mayfield indicates more variable water quality and pos-
sible ground-water mixing for some of the wells (figure 15). 
Well depths range between 100 and 185 feet (30–56 m) (fig-
ure 16), and average 159 feet (48 m). Total-dissolved-solids 
concentrations range from 432 to 1348 mg/L, with an average 
concentration of 950 mg/L. All of the wells have nitrate con-
centrations that exceed 10 mg/L. For this area, wells penetrat-
ing bedrock (site ID 198, 200, 257), in general, share common 

Well 
ID1

NO3
(mg/L)

Depth 
(feet) Possible sources of nitrate

1842 24.2 81 septic tank; downgradient from cultivated 
field (fertilizer)

185 13.1 160 agriculture; near fault zone 

1902 11.5  84 corral; septic tank; downgradient from 
cultivated field (fertilizer)

198 11.10 185 corral; septic tank; near fault zone 

199 25.90 160 dairy farm; septic tank; near fault zone

2002 11.10 185 corral, septic tank; near fault zone

2062 19.30 160 corral, septic tank

211 12.80 200
waste disposal on a campground; 
downgradient from cultivated field 
(fertilizer) and small feed lots

2132,3 34.10 75 small dairy; septic tank

2242 39.10 98 corral; septic tank; near agriculture 
activity

2362 11.60  57
septic tank; downgradient from cattle/
dairy operation; downgradient from 
cultivated field (fertilizer)

237 22.20  107
septic tank; nearby cattle/dairy operation; 
downgradient from cultivated field 
(fertilizer)

238 11.80  52
septic tank; nearby cattle/dairy operation; 
downgradient from cultivated field 
(fertilizer)

257 14.00 160 septic tank; near fault zone

258 18.30 160 septic tank; downgradient from cultivated 
field (fertilizer)

259 16.80 100 septic tank; downgradient from cultivated 
field (fertilizer)

261 11.20 167 elk/corral; septic tank; near fault zone

2833 14.90 400 septic tank; downgradient from 
agricultural development

2843 16.0 440 near fault zone; natural soil; antecedent 
agriculture (grazing)

1See appendix B and plate 5. 
2Site has isotopic data. 
3Sampled more than once.

Table 2. Possible sources of nitrate in ground water obtained 
from wells having nitrate concentrations that exceed the EPA 
drinking-water quality standard of 10 mg/L in southern Sanpete 
and central Sevier Valleys, Sanpete County, Utah, based on field 
observation.	
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Figure 9. Nitrate concentration versus TDS concentration for 76 wells and springs in southern Sanpete and 
central Sevier Valleys, Sanpete County, Utah. R-squared is 0.11, indicating a poor correlation.

Figure 10. Nitrate concentration versus well depth in southern Sanpete and central Sevier Valleys, Sanpete 
County, Utah. R-squared is 0.002, indicating a very poor correlation.
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characteristics, including lower TDS values and similar water 
quality, common well depths, and relatively high nitrate con-
centrations; these support the possibility of ground-water mix-
ing. I believe the drillers’ well logs for site IDs 206 and 259 
are incorrect, and the wells likely penetrate alluvium, based on 
local geology (plate 3). For wells that are completed in allu-
vium (site ID 199, 258, and possibly 259), TDS values exceed 
1000 mg/L and share overall similar water chemistry and well 
depths and may derive water from a similar source. For wells 
penetrating clay (site ID 261 and 256), similar water quality 
may be indicative of a common source. Overall, the wells that 
penetrate bedrock may share a common source of water iso-
lated from the other ground-water samples obtained from the 
unconsolidated aquifer (figure 16). Vagaries in drillers’ logs 
preclude determining whether or not mixing of ground water 
is occurring.

Data for 11 wells in the vicinity of Sterling generally show 
similar major ion water chemistry except well site 213 (figure 
17). Two of the highest nitrate concentrations throughout the 

Figure 11. Piper diagram showing chemistry type for five ground-
water samples in the northwestern part of the study area near 
Hayes Canyon. Number corresponds to site ID in appendix B.

Figure 12. Compilation of drillers’ well logs in the Hayes Canyon area. Not to scale horizontally. Site ID refers 
to well location (appendix B; plates 4 and 5).
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study area are located north of the town (site 213) and east of 
the town (site 224). These wells also have TDS concentration 
values that are greater than TDS concentration values of all 
the other wells shown in the Piper plot. The two wells with 
elevated nitrate concentrations (35 mg/L and 39 mg/L) have 
respective TDS concentrations of 1018 and 1650 mg/L and are 
near current or former small-scale animal-based occupation 
(plate 2). Depths for wells plotted in figure 17 range from 37 
to 170 feet (11–52 m), and have an average depth of 89 feet 
(27 m) for these 11 wells (not all wells are shown of figure 18). 
Three of the wells are less than 100 feet (30 m) deep. The vari-
able depth of these wells may indicate they penetrate different 
aquifers (figure 18), although mixing of ground water from 
the shallow wells in the central Sterling area is likely. Sites 
213 and 224 are isolated geographically and geologically and 
likely not part of the same aquifer; determining whether mix-
ing is occurring is not possible for these two wells.

Environmental Tracer Analysis 

To determine the influences of other processes, such as mixing 

Figure 13. Piper diagram showing chemistry type for eight 
ground-water samples in the south-central part of the study area 
south of Centerfield. Number corresponds to site ID in appendix 
B.

Figure 14. Compilation of drillers’ well logs in the south-central part of the study area south of Centerfield. Not 
to scale horizontally. Site ID refers to well location (appendix B; plates 4 and 5).
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Figure 15. Piper diagram showing chemistry type for nine 
ground-water samples in the Mayfield area. Number corresponds 
to site ID in appendix B.

Figure 16. Compilation of drillers’ well logs in the Mayfield area located along the southeast margin of Arapien Valley. Not to scale 
horizontally. Site ID refers to well location (appendix B; plates 4 and 5).

of ground water contaminated by different sources of nitrate, 
I evaluated environmental tracer data collected as part of this 
study. Environmental tracers can help determine the source of 
recharge water. The different types of tracers can be used in 
tandem to help characterize ground-water flow.

Nitrogen and Oxygen Isotopes 

I sampled 24 wells for δ15NNO3 and 22 wells for δ18ONO3 in 
southern Sanpete and central Sevier Valleys. All but one of 
the wells has relatively high nitrate concentrations (average 
nitrate concentration of 11 mg/L and median concentration of 
8.5 mg/L) (table 1, appendix B). Figure 19 shows a plot of 
δ18ONO3 versus δ15NNO3. The values and distribution of nitro-
gen isotopes range from +3.28 to +13.82‰, with a median 
of 7.34‰; δ18O values range from –3.54 to +13.60‰, with 
a median of 0.32‰ (table 1). All of the data fall in the ma-
nure/septic-tank nitrogen field, and many plot in the area of 
overlap between the soil nitrogen, manure/septic-tank nitro-
gen, and ammonia fertilizer/rain fields (figure 19). The nitro-
gen in samples having values for δ15N falling between 5 and 
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8.5‰ may have been derived from nitrate in soil cultivated 
without fertilizer (figure 19) as well as manure/septic tanks. 
Three samples had values for δ15N greater than 10‰ (table 
1); these likely have been derived from nitrate from animal 
manure and/or septic-tank sources, which typically range be-
tween 10 and 25‰ (Canter, 1997). The five data points hav-
ing values less than 5.00‰ may be associated with ammonia 
fertilizer and rain, as well as soil nitrogen and manure/septic 
tanks. The overlapping nature may be indicative of mixing of 
ground-water sources and thus nitrate sources. Field investiga-
tion confirmed the validity of an animal-manure nitrate source 
interpretation and agricultural source (possibly from fertilizer) 
(table 2). Due to the overlap between the fields, determination 
of a sole source is difficult, but field observations of potential 
sources are listed in table 2. Since none of the data plot in the 
sediment nitrate field (0 to -10‰), a source of nitrate from 
sedimentary rock is unlikely.

Septic systems in residential developments may be the source 
of nitrate contamination in some areas (table 2). Most new 
residential development has occurred in Sterling and May-

Figure 17. Piper diagram showing chemistry type for 11 ground-
water samples in the entire Sterling area. Number corresponds to 
site ID in appendix B.

Figure 18. Compilation of drillers’ well logs in the central Sterling area roughly trending north to south. Not to scale horizontally. 
Site ID refers to well location (appendix B; plates 4 and 5).
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Figure 19. Nitrogen and oxygen stable isotope data for wells and springs in central Sevier 
and southern Sanpete Valleys. Labeled fields of nitrogen sources taken from Kendall (1998). 
“Sediments NO3” (modified from Clark and Fritz, 1997) field has no corresponding δ18O range.

field, and some of these newer homes use septic systems as a 
method of wastewater disposal. In central Sevier Valley, how-
ever, the areas with high nitrate concentrations are sporadic 
and typically coincide with older, more sparsely developed re-
gions along the eastern margin of the Valley Mountains and in 
a clustered, older development south of Centerfield (plate 5). 
Because most of the isotopic data for these clustered develop-
ments are not the high δ15N and low δ18O values more typical 
of septic tanks, the expected septic-related isotopic signatures 
could be obscured by dilution/mixing from recharge by lighter 
δ15N water that is more typical of recharge/precipitation and/
or soil δ15N and δ18O values (figure 19). These areas are lo-
cated where irrigation is a potential source of recharge water.

Many of the data points for δ15N and δ18O isotopes fall within 
the soil N category, but determining whether nitrate from soil 
is a source of ground-water nitrate in wells is complicated. An 
interpretation that ground-water nitrate derives from soil nitro-
gen deserves caution due to the complexities of the processes 
and the mechanism by which the nitrate moves from the root 
zone/soil profile vertically to the water table. Concentrations 
of nitrogen in soil vary widely and depend on local conditions, 
including climate, soil type, vegetation, presence (or absence) 
of animal burrowing, and land use. Recent investigations in 
arid/desert environments indicate residual vadose zone nitrate 
as a source of elevated nitrate concentrations in ground water 
(Stonestrom and others, 2003; Walvoord and others, 2003; 
Osenbrüch and others, 2006). In areas where native vegeta-
tion is sparse and rainfall is low, nitrate can leach into subsoil 
horizons and accumulate in a subsoil reservoir; subsequent 
nitrate migration can be from a change in recharge through 
a change in land use (e.g., from natural recharge on native 

vegetation to irrigation). The process of nitrate accumulation 
and migration typically spans thousands to tens of thousands 
of years (Stonestrom and others, 2003; Walvoord and others, 
2003; Osenbrück, 2006; Scanlon and others, 2007). Other 
recent studies show that variability in nutrient enrichment 
is based on microecological changes in desert environments 
where nutrient concentrations and types are affected by dif-
ferences in shrub coverage, burrowing intensity, amounts of 
original organic matter, and vegetation spacing/density (Titus 
and others, 2002), as well as differences in water fluctuations, 
leaching rates, fertilizer application amounts, and evapotrans-
piration (Green and others, 2008). Green and others (2008) 
examined nitrogen fluxes through unsaturated zones in ag-
ricultural settings and determined that soil nitrate moves by 
advective transport below the root zone under conditions con-
ducive to this process: high evapotranspiration and low water-
table flux in areas having sandier sediments in unsaturated 
zones. Under these conditions, Green and others (2008) show 
soil nitrate can reach deeper parts of the aquifer and contribute 
to elevated nitrate concentrations in ground water. The Hayes 
Canyon-Centerfield high-nitrate well (site ID 284) is the only 
well located on an alluvial-fan pediment surface having no 
apparent upgradient source of nitrate (table 2, plate 2); no iso-
tope data are available for this well because it has been sealed 
and cemented. 

The data points for δ15N and δ18O isotopes that fall into the 
ammonia fertilizer/rain field may derive from recharge water 
from return irrigation of fertilized fields. Although I did not 
investigate the fertilizer application rate or type in this study, 
variations in nitrate concentrations in wells along the eastern 
margin of the Valley Mountains and in the high-nitrate wells 
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located south of Centerfield may be explained by differences 
in fertilizer application rates and irrigation practices by indi-
vidual farmers. 

Using δ15N to determine the source/relative contributions of 
fertilizer and animal waste to ground water is complicated 
by reactions including ammonia volatilization, nitrification, 
denitrification, ion exchange, plant uptake, and ground-water 
mixing (figure 7). These processes can modify the δ15N val-
ues of nitrogen sources prior to mixing and in the resultant 
mixtures, causing estimations of the relative contributions of 
the sources of nitrate to be inaccurate (Kendall, 1998). Deni-
trification is likely negligible in the study area, based on the 
combination of high-nitrate concentration data, low δ15N val-
ues, and low iron concentrations (appendix B; figure 19). With 
future analyses of seasonally collected samples for chemical 
species (e.g., chloride, manganese, and dissolved oxygen, as 
well as seasonal δ15N and δ18O isotopes), I may be able to 
better assess the source(s) and whether other processes, such 
as denitrification, occur with time. The overlapping nature of 
the data points likely reflects ground-water mixing, which is 
discussed below based on ground-water age data. 

Tritium 

I collected water samples for tritium analysis from 23 wells 
having high nitrate concentrations in southern Sanpete and 
central Sevier Valleys (appendix B, figure 20, table 1). Tri-
tium concentrations measured in ground water from these 
wells range from 0.0 to 13.4 TU with an average of 7.3 TU 
and a median of 8.0 TU. Tritium concentrations that have val-
ues less than 0.8 TU are categorized as pre-1952 (pre-bomb 
[atmospheric nuclear testing] water), values between 0.8 and 

4 TU are categorized as mixed water (pre- and post-1952), 
values from 5 to 10 are categorized as modern water (last 10 
to 20 years), and values exceeding 10 TU are categorized as 
“bomb-age” water (Clark and Fritz; 1997). The tritium values 
in this report have two samples that are characterized as pre-
bomb water, three that are characterized as mixed water, 12 
that are characterized as modern water, and 6 that are charac-
terized as “bomb” water (table 1). Two of those categorized as 
modern water have standard deviations that could character-
ize them as “bomb” water, and two of those characterized as 
“bomb” water have standard deviations that could categorize 
them as modern water (table 1, appendix B). The values re-
ported indicate that at least some of the water must have been 
recharged when the tritium levels were greater than 1000 TU 
in the recharge water. Tritium concentrations in the wells sug-
gest that some water in the wells was recharged on the order 
of 40 years ago (post-atmospheric testing) when tritium con-
centrations in the atmosphere were near peak levels. While 
some ground water in an area can be older than the estimated 
minimum age, but younger than pre-1952 water due to mixing 
with younger, lower tritium ground water, these data represent 
a pre- and post-atmospheric testing age as well as a mixture of 
the two, for ground water entering the aquifer system before 
traveling to the well. 

I use tritium as the basis for a qualitative estimate of ground-
water age, or time since ground water was recharged. This 
is because quantitative determination of ground water ages 
using tritium requires multiple samples collected over a cer-
tain time period, or multiple samples collected from different 
depths in the same well, or estimation of the initial tritium 
concentration prior to recharge. Additionally, mixing of recent 
ground water with old ground water can cause complications 

Figure 20. Tritium concentrations for 23 wells sampled in southern Sanpete and central Sevier Valleys.
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using quantitative methods, so a qualitative age estimate is 
probably the most appropriate for this study. The variations 
in tritium values indicate high-nitrate wells were recharged at 
different times, from relatively recent recharge events to pre-
atmospheric nuclear testing.

Chlorofluorocarbons 

I collected water samples for CFC analysis from 17 high-
nitrate wells in southern Sanpete and central Sevier Valleys 
(table 1, appendix B). CFC concentrations measured in ground 
water from these wells yield dates ranging from 1943 to 2000 
(table 1). CFC-12 and CFC-11 were first produced in the Unit-
ed States during 1931 and 1936, respectively, with CFC-113 
more commonly produced subsequently. The values reported 
indicate that at least some of the water must have been re-
charged recently (the year 2000) (table 1). Other CFC concen-
trations in the wells suggest that some water in the wells was 
recharged at least 65 years ago (table 1). These data coupled 
with other environmental tracer and isotope data show overall 
mixing of ground water in both southern Sanpete and central 
Sevier Valleys. Most all of the CFC data fall within the range 
of estimated tritium ages (between 1952 and modern), ex-
cept wells 229 and 232 (the only wells having tritium ages of 
pre-1952), which incidentally are two of six wells having the 
greatest carbon-based ages as discussed below (greater than 
2500 years old).

Carbon Isotopes 

Carbon-14 is an unstable isotope with a half-life of 5730 years 
that allows determining a numerical age for older recharge 
water compared to the other environmental tracers, which pro-
vide relative ages. I collected water samples for carbon-14 and 
δ13C analysis from 21 high- nitrate wells in southern Sanpete 
and central Sevier Valleys (table 1, appendix B). Carbon-14 
concentrations measured in ground water from these wells 
range from 5.1 to 110.8 PMC, and -6.96 to -12.89‰ for δ13C 
(table 1, appendix B). These values correspond to ground-
water ages ranging from modern to 19,000 yr B.P. based on 
computation of the raw carbon isotope values according to 
the methods of Fontes and Garnier (1979) and Pearson and 
Hanshaw (1970) (Alan Mayo, BYU, written communication, 
May 25, 2008). Of the 21 water samples analyzed for carbon 
isotopes, two-thirds have modern carbon-based ages; the re-
maining have ages ranging from 500 to 19,000 yr B.P.

In the northern central Sevier Valley, 14C ground-water ages 
range from modern to 19,000 yr B.P. (table 1). Sites 229 and 
232 (plate 1, appendix E) are located on the southwestern 
margin of the San Pitch Mountains and both penetrate lime-
stone bedrock. The older aged water (table 1) likely derives 
from bedrock that received recharge in the mountains and 
flowed via faults and fractures. Sites 184, 188, 193, 194, 240, 
242, and 183 (plate 1) are located along the eastern margin of 
the Valley Mountains in western central Sevier Valley mostly 
along alluvial-fan deposits in an agricultural and sparsely pop-

ulated area; most wells penetrate alluvial material (appendix 
E). Carbon-based ages here range from modern to 10,500 yr 
B.P. (table 1). Modern-age ground water here is likely from 
return agricultural irrigation water, whereas the older ages 
are from deeper wells (> 199 feet) located upgradient from 
most irrigation and situated closer to the fault zone mapped 
along the margin of the Valley Mountains (plate 1 and plate 
3). Water from these wells may have also been recharged with 
older water flowing along faults and fractures or from wells 
penetrating a bedrock aquifer (appendix E).

In southern central Sevier Valley, 14C ground-water ages are 
modern for sites 190 and 236 (table 1, plate 1). Both of these 
wells are shallow and are located downgradient/adjacent to 
agricultural areas that likely receive return irrigation water as 
a major source of recharge. They are all domestic wells near 
homes using septic-tank systems for wastewater disposal. 

In the Mayfield area, 14C ground-water ages for all sites are 
modern except well site 200, which has an age of 2500 yr 
B.P. (table 1). Site 209 is a shallow well (table 1) located on 
farmland in an agricultural area and likely receives recharge 
water from return irrigation. Site 203 is also situated near ag-
ricultural areas possibly receiving recharge water from return 
irrigation. Sites 233 and 204 are springs situated along/near 
mapped faults (plate 3). The 14C modern age may be fault re-
lated with recharge occurring along the fault zone recharged 
from the Wasatch Plateau to the east. The springs’ relatively 
high nitrate concentrations of 7.37 and 6.95 mg/L (appendix 
B) are more enigmatic, but may be explained by their proxim-
ity to historical grazing lands (Elden Olson, former resident 
and Utah Division of Drinking Water, personal communica-
tion, August 2007) or from nitrate-rich fluids from the fault 
zone. Site 200, the deepest well in the area and located in the 
most southeastern part of the study area, penetrates bedrock 
(table 1, figure 16) and is situated along a mapped fault zone 
(plates 1 and 3). The 14C ground-water age of 2500 yr B.P. 
may indicate that the recharge water is derived from the bed-
rock or fault zone.

 In the Sterling area, all four water wells have 14C ground-
water ages calculated as modern. All wells are shallow (40-
103 feet; table 1) and likely penetrate the same aquifer, except 
well site 213, located in an isolated area of the valley on a 
small family-operated dairy farm (plate 1 and 2). The modern 
ground-water ages for all wells are likely derived from return 
irrigation water from agriculture and domestic lawn watering 
from a shallow aquifer (figure 18). 

SUMMARY AND CONCLUSIONS

This study evaluated ground-water quality in the aquifers of 
southern Sanpete and central Sevier Valleys in Sanpete Coun-
ty. High nitrate levels in ground water have been documented 
locally in Sanpete County, where many wells have historically 
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yielded ground water having greater than 10 mg/L nitrate con-
centration, including two wells drilled by the town of Center-
field, and a public-supply spring that has had persistent nitrate 
concentration of about 7 mg/L. This study was prompted by 
these incidents and by the concern of potential water-quality 
degradation in the growing communities of southern Sanpete 
County. 

I analyzed water samples from 68 wells, six springs, and three 
streams for nutrients, general chemistry, and dissolved metals. 
Of these 77 samples, those having relatively high (generally 
greater than 5 mg/L) nitrate concentration were also analyzed 
for environmental tracers (isotopes); 24 were tested for nitro-
gen and 22 for oxygen isotopes in nitrate, 23 for tritium, 17 
for chlorofluorocarbons (CFC), and 21 for 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 to augment the 
study, for a total of 99 samples analyzed.

Total-dissolved-solids concentrations for wells tested for gen-
eral chemistry range from 202 to 3014 mg/L. Elevated TDS 
concentrations in ground water are largely attributed to prox-
imity to outcrops of the Green River Formation and the Ara-
pien Shale and return irrigation water. There is no correlation 
between high-TDS wells and high-nitrate wells.

Average nitrate concentration for ground water in the valley-
fill aquifer is about 6.5 mg/L. Of the water wells analyzed 
for nitrate, 51% yielded values greater than 5 mg/L, and 20% 
exceeded EPA drinking-water standards for nitrate. Most of 
the high-nitrate wells are less than 150 feet (46 m) deep and 
contamination sources are likely within a short distance (3200 
feet [1000 meters]) of the high-nitrate wells. 

Overall water quality in southern Sanpete and central Sevier 
Valleys is fair. The highest quality of water in terms of low 
TDS and nitrate concentration occurs primarily along the mar-
gins in both valleys: along Sixmile and Twelvemile Creeks in 
southern Sanpete Valley, and along the western margin of the 
San Pitch Mountains and the southeastern margin of the Val-
ley Mountains in central Sevier Valley. A correlation is appar-
ent between high nitrate concentration in wells and proximity 
to current or pre-existing animal feed-lot operations and ir-
rigated agricultural areas, as supported by field observation of 
potential sources of nitrate upgradient of wells yielding high-
nitrate ground water. However, nitrogen isotope data indicate 
multiple sources could be responsible for the high nitrate con-
centration in wells and that multiple nitrogen sources exist, 
including septic-tank systems, agricultural fertilizer, animal-
waste products, and natural soil nitrate. Well log information 
indicates some high-nitrate wells may be isolated single-well 
contaminations, and some high-nitrate wells occur in relative-
ly large areas of high- nitrate ground water. Water chemistry 
data indicate high-nitrate wells may have a common source of 
ground-water recharge on a local scale. I recommend install-
ing monitoring wells downgradient from the impacted wells 

in order to make this determination since the drillers’ logs are 
inconsistent and may not represent accurate ground-water 
conditions. 

Data from nitrogen and oxygen isotopes in nitrate indicate 
most high-nitrate wells contain water derived possibly from 
human and/or animal sources, soil nitrate, ammonia in fer-
tilizer and rain, and mixed sources. No isotope data plot as 
nitrate from sediment, and many wells penetrating bedrock 
(possibly the Green River Formation) have negligible nitrate 
concentration. Therefore, I conclude bedrock is not a source 
of high nitrate, however field investigation confirmed fertil-
izer and animal manure as possible sources of nitrate. Septic-
tank systems likely contribute nitrate to many of the wells, but 
due to the overlapping nature of the data, determination of a 
sole source is difficult, except in areas lacking development 
and thus free of septic systems. Determining whether nitrate 
in ground water is derived from soil or from fault zones is 
more complex. Future work to attempt to determine the spa-
tially variable vadose-zone flow conditions is necessary to 
better estimate the potential for ground-water nitrate loading 
from soil. Because this study did not include a ground-water 
flow model and does not address subsurface conditions, deter-
mining the transport mechanism by which nitrogen from soil 
reaches ground water as nitrate is precluded. 	

Tritium analysis of ground water from 23 high-nitrate wells 
indicates that contaminated ground water was recharged pre-, 
post- and during the bomb years when tritium concentrations 
in the atmosphere were at their low, medium, and peak lev-
els, 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. Car-
bon-14/δ13C data indicate ground-water ages range from mod-
ern to 19,000 yr B.P., and show the high-nitrate ground water 
is derived from both modern and very old recharge waters that 
likely has mixed with younger recharge water. Based on all 
environmental tracer data for high-nitrate wells, most ground 
water reflects mixed or combined sources of water, with one 
spring and two shallow wells containing water that is distin-
guished as modern, seven wells containing water greater than 
500 years old but also having a modern-age component, and 
14 samples having mixed-age ground water recharged during 
the 20th century. Because all samples analyzed for environ-
mental tracer data (mostly tritium and CFC) have water with 
a recharge-age component indicative of historical time, I be-
lieve the dominant sources of nitrate in ground water in the 
area are from human-related activity.

To control potential degradation of ground-water quality in 
southern Sanpete and central Sevier Valleys, I recommend (1) 
applying agricultural fertilizer to the surface at rates not ex-
ceeding nitrogen uptake by crops, (2) storing feed-lot waste 
on facilities designed to prevent leakage of contaminants as-
sociated with manure to ground water, and (3) avoiding sep-
tic-tank system installation in areas where implementation of 
a public-sewer system is feasible. Due to the pervasive nature 
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of relatively high nitrate concentration in wells, I recommend 
temporal and spatial analyses of nitrate contamination to help 
Sanpete County’s southernmost communities understand the 
trends in potential changes in ground-water quality in order to 
provide an affordable and sustainable long-term water supply. 
This study focused on water quality, and I did not attempt to 
determine a specific location for siting a public-water supply 
well based on economics or the water quantity available to 
supply these communities’ future demands. The thickest al-
luvial deposits in the study area are located in areas that may 
not yield the highest quality water. The best places in the 
valleys in terms of highest water quality to consider future 
water-resource development are located in Sixmile Canyon, 
Twelvemile Canyon, the southwestern margin of the San Pitch 
Mountains, and along the southeastern margin of the Valley 
Mountains. 
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APPENDIX A 
UTAH AND EPA WATER-QUALITY STANDARDS AND ANALYTICAL METHODS
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Table A1. Utah and EPA primary and secondary drinking water-quality standards and analytical methods for some chemical 
constituents sampled in Sanpete County, Utah.

CHEMICAL CONSTITUENT EPA ANALYTICAL 
METHOD1

WATER-QUALITY STAN-
DARD (mg/L)

Nutrients:
total nitrate/nitrite 353.2 10.0

ammonia as nitrogen 350.3 -

total phosphorous and dissolved total phosphate 365.1 -

Dissolved metals (as listed in State of Utah Public Health Laboratory online manual):
arsenic 200.9 0.01

barium 200.7 2.0

cadmium 200.9 0.005

chromium 200.9 0.1

copper 200.7 1.3

lead 200.9 0.015

mercury 245.1 0.002

selenium 200.9 0.05

silver* 200.9 0.1

zinc* 200.7 5.0

General Chemistry :(as listed in State of Utah Public Health Laboratory online manual):
total dissolved solids (TDS) 160.1 2000+** or (500*++)

pH* 150.1 between 6.5 and 8.5

aluminum* 200.7 0.05 to 0.2

calcium 200.7 -

sodium 200.7 -

boron 200.7 -

bicarbonate 406C -

carbon dioxide 406C -

carbonate 406C -

chloride* 407A 250

total alkalinity 310.1 -

total hardness 314A -

specific conductance 120.1 -

iron* 200.7 0.3

potassium 200.7 -

hydroxide 406C -

 sulfate *++ 375.2 250

magnesium 200.7  -

manganese 200.7 0.5

- no drinking-water quality standard exists for the chemical constituent
*for secondary standards (exceeding these concentrations does not pose a health threat)
+ maximum contaminant level is reported from the Utah Administrative Code R309-200 (Utah Division of Drinking Water)
**For public water-supply wells, if TDS is greater than 1000 mg/L, the supplier shall satisfactorily demonstrate to the Utah Water Quality Board that no 

better water is available. The Board shall not allow the use of an inferior source of water if a better source of water is available.
++TDS and sulfate levels are given in the Primary Drinking Water Standards, R309-200. They are listed as secondary standards, excess of recommended 

levels cause consumer complaint.
1 http://www.epa.gov/safewater/methods/analyticalmethods_ogwdw.html#one
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POTENTIAL SOURCES OF GROUND-WATER QUALITY DEGRADATION

Introduction

This discussion is taken directly from Lowe and others (2002). The type and amount of dissolved constituents determine the 
beneficial use of water. Ground-water quality standards for drinking water are provided in table A1. Degradation in ground-wa-
ter quality may be due to either natural sources or contamination associated with human activities. Many constituents dissolved 
in water are derived from geologic materials such as rock or sediment. As discussed below, natural sources of nitrogen which 
may be oxidized to nitrate do occur, but are not considered common. Thomas and Taylor (1946) noted that nitrate concentra-
tions more than a few mg/L in shallow ground water is considered an indication of water-quality degradation typically associ-
ated with human-related activities; water-quality data collected from 124,000 water wells nationwide support the designation 
of 3 mg/L as a division between human- and natural-nitrate influences (Madison and Brunett, 1985). In general, elevated nitrate 
levels in ground water are primarily obtained from wells less than 100 feet (30 m) deep (Madison and Brunett, 1985), and an 
inverse relationship exists between well depth and nitrate concentration (Spruill, 1983).

Natural Sources of Water-Quality Degradation

Dissolved Solids								      

The ultimate source of most chemical constituents dissolved in water is the mineral assemblage in rocks at or near the land 
surface; other important factors determining the composition of water passing over or through rock masses and unconsolidated 
deposits include, but are not limited to, the purity and crystal size of minerals, rock and soil texture and porosity, regional 
structure, the degree of fracturing, the length of previous exposure time, and rock temperatures (Hem, 1985). The mineral as-
semblage in the rock unit determines the type of dissolved constituents. In mining areas, dissolved metals, arsenic, and sulfide 
(which readily oxidizes to sulfate) can contribute to water-quality degradation. Rock units rich in evaporite deposits, sulfates, 
and chlorides can degrade water quality. Water from carbonate rock units can be hard from dissolved calcium and magnesium. 
Silica-rich rock units, such as volcanic rocks, contribute negligible dissolved material to ground water. In general, total-dis-
solved-solids concentrations increase with increased residence time and longer ground-water flow paths. Climate and biochem-
ical factors play secondary roles in determining the nature and distribution of dissolved solids in ground water (Hem, 1985). 

Nitrate 

Natural sources of nitrogen contribute, to some extent, nitrate concentrations in ground water; these natural sources include 
atmospheric, biologic, and geologic components. Ground water with less than 0.2 mg/L nitrate is assumed to represent natural 
background concentrations; ground water with nitrate concentrations between 0.21 and 3.0 mg/L is considered transitional, and 
may or may not represent human influence (Madison and Brunett, 1985). 

Atmospheric nitrogen: Nitrogen oxides are present in the atmosphere and can undergo various chemical reactions that pro-
duce hydrogen ions, eventually converting the nitrogen to nitrate or ammonia, reducing the pH of precipitation (Hem, 1985). 
Concentrations of nitrate in rainfall typically range from 0.1 to 0.7 mg/L (National Academy of Sciences, 1978). In Smith 
Valley, Colorado, during 1986-93, the mean annual average-precipitation-weighted concentration of ammonia was 0.30 mg/L 
and of nitrate was 0.76 mg/L (Colorado State University at Fort Collins, National Atmospheric Deposition Program/National 
Trends Network Coordination Office, written communication, in Seiler, 1996). Seiler (1996) estimated the total-nitrogen con-
tribution from precipitation per year in Lemmon Valley, Nevada, is 0.91 kilogram (2 lbs). Data collected from rainfall in the 
United States indicate, in general, that nitrogen concentrations are lower in coastal areas than inland (Junge, 1958, in Feth, 
1966). Not all nitrogen introduced by rainfall is natural in origin. Human activities contribute approximately 50 percent of the 
fixed nitrogen from rainfall, the combustion of fossil fuels being the largest source of this anthropogenic nitrogen (National 
Academy of Sciences, 1978).
 									          
Some portion of nitrogen in rainfall is removed through volatilization, used by plants, or denitrified in saturated soils rich in 
organic matter (Seiler, 1996); Walker and others (1973) estimated 12.5 to 25 percent of the nitrogen in precipitation reaches 
ground water. 

Biologic nitrogen: Natural sources of biologic nitrogen include decay of organic material (primarily from plant remains) and 
animal excrement. The accumulation of natural nitrogen in caves from bat guano or in coastal breeding grounds from seabirds 
is well known, and these deposits are sources of commercial nitrogen fertilizer; however, the extent to which these sources 
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contribute to nitrate in ground water has not been well documented (Madison and Brunett, 1985). Water pools in Carlsbad 
Caverns, New Mexico, near cave areas frequented by bats have yielded water samples having more than 1,000 mg/L of nitrate 
(Hem, 1985).

 Decay of natural organic material in the subsurface also can contribute nitrogen to ground water (Seiler, 1996). Native vegeta-
tion that had been destroyed by dryland farming was shown by Kreitler and Jones (1975) to have contributed high concentra-
tions of nitrate to ground water in west-central Texas; the average nitrate concentration (nitrate reported as nitrate) for 230 
sampled wells was 250 mg/L, and the highest nitrate concentration exceeded 3,000 mg/L. Patt and Hess (1976) identified 
naturally occurring, buried plant material as a possible source of nitrate-related water-quality degradation in domestic wells 
near Las Vegas, Nevada.

Geologic nitrogen: Many investigators have recognized the contribution of bedrock nitrogen to nitrate concentrations in water 
(Mansfield and Boardman, 1932; Gulbrandsen, 1974; Boyce and others, 1976; Holloway and others, 1998; Holloway and Dahl-
gren, 1999). The following is a summary of types of rocks that have contributed nitrogen to nitrate concentrations in ground and 
surface water. Many of the rock types described below are also present in Sanpete Valley including volcanic and sedimentary 
rocks (for example, sandstone, limestone, shale, coal-rich deposits, evaporites, and playa-type deposits), and alluvial sediments. 
A more detailed discussion regarding natural sources of nitrate is presented in a special evaluation of potential sources of nitrate 
contamination in ground water in Cedar Valley, Iron County, Utah, by Lowe and Wallace (2001). 

Release of nitrogen through weathering of nitrogen-bearing rock can potentially affect the quality of water and soil (Holloway 
and others, 1998). The term "geologic nitrogen" has been used to describe the source of high-nitrogen soils on alluvial fans in 
the San Joaquin Valley of California (Sullivan and others, 1979; Strathouse and others, 1980), and sedimentary rocks in Ne-
braska (Boyce and others, 1976). Holloway and others (1998) analyzed rocks in the Mokelumne River watershed, California, to 
determine if bedrock could be a source of stream-water nitrate and showed that metasedimentary rocks containing appreciable 
concentrations of nitrogen contributed a large amount of nitrate to surface waters. 	

Sedimentary rocks that form in an organic-rich depositional environment can include nitrogen as residual organic matter or 
as ammonium minerals (Holloway and others, 1998). Ammonium concentrations in rock associated with hydrocarbons are a 
function of fluid migration and hydrocarbon maturation (Williams and others, 1989; Williams and others, 1993). The accumula-
tion of ammonium in illite above and below coal seams in the Cumnock Formation of North Carolina indicates that nitrogen is 
transported from the organic matter in the coal seam to mineral sites where ammonium substitutes for potassium (Krohn and 
others, 1988). 	

Natural nitrate is also associated with sediments typical of arid environments such as playa-lake, alluvial-fan, and braided-
stream deposits, primarily associated with atmospheric nitrogen. Rock-salt crusts in Chilean playas contain soda niter (Stoertz 
and Ericksen, 1974) associated with oxidized ammonium salts that were subsequently leached and mobilized as nitrate in 
ground water. High nitrate concentrations in ground water from wells in Paradise Valley, Arizona, are partly attributed to natural 
sources of nitrate, possibly from ammonium chloride that was produced and trapped in volcanic rocks, and with subsequent 
weathering, leaching, and oxidization, eventually was transported as nitrate by ancient streams (Silver and Fielden, 1980). 
Nitrate exists as water-soluble salts in zones below leached soils in evaporative playa environments in southeastern California, 
and is associated with Tertiary playa deposits and beds of saline and gypsiferous shale, sandstone, and limestone (Noble, 1931).

Ground-Water Contamination from Agricultural Activities

Many agricultural activities can potentially degrade water-quality, including irrigation (especially flood irrigation), pesticide 
application, fertilizer application, raising of nitrogen-fixing crops, livestock grazing, and feed-lot operations. Increased total-
dissolved-solids concentrations in ground water is the principal concern related to irrigation practices. Ground-water contami-
nation associated with pesticides is relatively uncommon in Utah; during calendar year 2000, no pesticides were detected in 
ground water in 318 samples collected from wells and springs in Utah and analyzed by the Utah Department of Agriculture 
and Food (Ivan Sanderson, Utah Department of Agriculture and Food, verbal communication, November 30, 2000). Nitrate 
and other forms of nitrogen are the principal contaminants of concern with respect to fertilizer application, some crop types, 
grazing, and feed-lot operations.

Irrigation Practices

The role of irrigation for crop-production expansion increased during the last century in the United States (Feth, 1966). Shallow 
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wells in areas where flood irrigation is common typically have high total-dissolved-solids concentrations. The dissolved solids 
are derived from naturally occurring shallow ground water and from irrigation. Excess irrigation and return-irrigation water 
leach soil in valley lowlands where ground water is within the zone of capillary action and the accompanying "alkali" salt-rich 
soil (Richardson, 1907). These dissolved salts in the soil are concentrated by flood-irrigation processes as near-land-surface 
water evaporates (Pipkin, 1994). Reducing rates of flood irrigation, in some areas, can produce additional salts in irrigation 
return flows as the quantity of salts removed by periodic leaching decreases (National Academy of Sciences, 1978). To leach 
out these unwanted salts and maintain soil salinity within crop tolerance, the amount of water applied must exceed plant re-
quirements (Feth, 1966).

Leaching of soil by sprinkler irrigation water occurs at a much lower rate. In Panguitch Valley, Sevier County, Utah, Thiros 
and Brothers (1993) demonstrated that sprinkler irrigation increased moisture content only in the upper 1 to 3 feet (0.3-0.9 m) 
of the soil zone. Between 1975 and 1989, the percentage of irrigated land in Sanpete Valley using sprinkler irrigation methods 
increased from 10 to 50 percent (Wilberg and Heilweil, 1995). 

Agricultural Fertilizer

Nationwide, the largest single source of anthropogenic nitrogen is fertilizer, due to an increase in chemical fertilizer application 
occurring since the end of World War II (National Academy of Sciences, 1978). In Utah, 88,000 tons of fertilizers were used 
during the 1969-70 period (Geraghty and others, 1973, plate 54). The amount of fertilizer typically applied varies with crop 
type. The amount of nitrogen from fertilizers depends on: (1) the amount and type of fertilizer applied, (2) the pH of the soil 
to which it is applied, (3) the air temperature at the time of application, and (4) the amount of water applied after the fertilizer 
application (Seiler, 1996). Fertilizer-use efficiency depends more on crop-production management than on fertilizer-application 
rates; farms using large quantities of fertilizer to optimize crop yield may be using the nutrients more efficiently and producing 
less leachable nitrogen than farms applying less fertilizer to produce average yields (1971 Illinois Pollution Control Board in 
National Academy of Sciences, 1978). However, excess fertilizer application is generally avoided, based on economics alone. 
The 1971 Illinois Pollution Control Board reported crop-price increases from 1971 to 1975 (2.2 times for corn) accompanied 
by nitrogen fertilizer increases of a factor of 3.4, and concluded that economics alone would demand that farmers carefully 
monitor nitrogen fertilizer application rates.

The role of air temperature and soil pH varies in nitrification/denitrification processes associated with fertilizers. Both param-
eters are inherent properties, independent of external control by fertilizer users. Certain pH and temperature conditions can fa-
cilitate nutrient uptake, but can also impede nutrient uptake of nitrogen, and ultimately contribute to water-quality degradation. 
For example, both nitrification and denitrification rates are higher during warm temperatures than cold temperatures because 
cold temperatures slow the functioning of biologic organisms important to both processes (National Academy of Sciences, 
1978). Prevailing basic or acidic conditions also can impact the nitrification/denitrification process. Under certain soil/liquid pH 
conditions, ammonia gas is released into the atmosphere. For example, under neutral or acidic conditions, nitrogen is present 
as NH4

+, and with increasingly basic conditions is transformed to ammonia which can be released as N2 gas to the atmosphere 
(Canter, 1997). When the redox potential of the ground water declines, denitrification of nitrate can also occur (Canter, 1997). 
Biologic denitrification can occur in the presence of organic carbon in ground water. In this process, microorganisms utilize 
nitrate as an electron acceptor, and can eventually be reduced to nitrogen gas (Canter, 1997). Fertilizing intensity can also affect 
the pH of the soil in terms of oxidation potential. If the amount of fertilizer applied exceeds that required by the crops, nitrate 
concentrations may increase in ground water. As nitrate becomes available through oxidation, it can be leached from the root 
zone (Canter, 1997).

Nitrogen fertilizer is either used by plants, lost through denitrification (biological reduction of nitrate to nitrogen gas), leached 
into the ground-water system, or immobilized in soil materials (National Academy of Sciences, 1978, p. 239). Westerman and 
others (1972) estimated 22 to 25 percent of fertilizer applied to test plots in Iowa during the spring of 1966 was unaccounted 
for at the end of the crop cycle and attributed this loss primarily to denitrification. Although denitrification of fertilizer may ac-
count for nitrogen not used by crops, leaching of nitrogen-based fertilizer to ground water does occur, and the extent to which 
this contributes to ground-water quality degradation depends partly on irrigation practices.

In non-irrigated lands (dry farms), leaching of nitrate in the upper soil zones generally occurs during spring snowmelt. Nitrogen 
fertilizers within the upper few feet of soil are incorporated into organic matter, stabilize, and become less susceptible to leach-
ing (Allen and others, 1973). Additionally, nitrate in soils in non-irrigated areas migrate through the soil profile at rates ideal for 
denitrification (Pratt and others, 1972). In general, nitrogen from fertilizers does not pollute ground water beneath non-irrigated 
farms, whereas poor farm-irrigation management promotes nitrogen leaching into the ground-water system (Sommerfeldt and 
Smith, 1973).
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Muir and others (1973) reported that the intensity of irrigation, particularly in areas underlain by coarse-grained materials, 
controls nitrogen contamination of ground water. Irrigation water leaches nitrate from soil and into the ground-water system 
through the same processes discussed for leaching of "alkali" salts discussed above. Ground water under heavily fertilized, ir-
rigated crop lands can contain high concentrations of nitrate (National Academy of Sciences, 1978). Adriano and others (1972) 
report nitrate-as-nitrogen concentrations 10 to 50 feet (3-15 m) below row crops in the Santa Ana Basin of California range 
from 36 to 122 mg/L; water from wells completed in deeper aquifers below these sites currently average only 5.8 mg/L nitrate 
as nitrogen, but some wells in the basin exceed 20 mg/L nitrate as nitrogen. Most data based on ground-water studies below 
California crop lands indicate nitrate levels are typically about 25 to 30 mg/L nitrate as nitrogen (National Academy of Sci-
ences, 1978). However, more efficient water use through decreasing irrigation rates is a viable method to reduce the amount of 
nitrate leached into the ground water and thus lost as fertilizer nitrogen (National Academy of Sciences, 1978).

Nitrogen-Fixing Crops

Some plants, principally legumes, have the ability to fix nitrogen into the soil; this nitrogen could subsequently be leached into 
the ground-water system. Alfalfa is the most efficient of the legumes with respect to nitrogen fixation. The actual fixation of at-
mospheric nitrogen is by bacteria of the genus Rhizobium, symbiotic with the legumes. Although it is prudent to provide some 
nitrogen fertilizer to young legumes to keep them supplied with nutrients until the Rhizobia are stabilized on their roots (Tisdale 
and Nelson, 1975), additional fertilization application is ineffectual. Nitrogen fixation by legumes is at a maximum only when 
the level of nitrogen available in the soil is at a minimum, and large or continued applications of nitrogen cause a reduction in 
the activity of the Rhizobia (Tisdale and Nelson, 1975).

Animal Grazing and Feed-Lot Operations

Water-quality degradation associated with livestock operations is related to the intensity of operation in terms of animal density. 
Dispersed grazing on rangelands presents no obvious environmental problems, but a trend of increasing animal-production 
efficiency by high-density confinement of poultry, hogs, and cattle exists, along with the concentrated accumulation of animal 
wastes (National Academy of Sciences, 1978). Egg-laying facilities may house up to one million confined birds, and pork op-
erations which house animals from birth to finishing are becoming common (Nye, 1973).

From a water-quality standpoint, manure is probably the most important component of animal waste produced from feed-lot 
operations. Manure is a combination of feces, urine, bedding litter, and feed wastage (Brady, 1974). The chemical composi-
tion of manure varies depending on: (1) animal species, (2) age and condition of the animals, (3) nature and amount of litter, 
and (4) handling and storage of the litter before it is spread on the land or otherwise disposed (Brady, 1974). The average cow, 
horse, and pig excretes 156, 128, and 150 pounds of nitrogen per year, respectively (Van Vuren, 1949); the waste produced 
by one horse over a year contains as much nitrogen as the domestic sewage produced by a family of four for the same period 
(Hantzsche and Finnemore, 1992). 

Besides manual waste removal (from cleaning processes) and natural removal by storm runoff, four other possible fates ex-
ists for nitrogen in manure: (1) accumulation in the soil, (2) percolation into unconsolidated deposits below the soil zone as 
ammonium, nitrate, and soluble organic compounds, (3) denitrification, and/or (4) atmospheric loss as ammonia and volatile 
bases (National Academy of Sciences, 1978). Under warm, moist conditions, urea hydrolyzes rapidly to form NH3 and CO2; 
this process can account for 25 to 90 percent of the nitrogen in urine (Stewart, 1970), or approach 50 percent of the nitrogen 
in urine and feces combined (Adriano and others, 1974). Snow cover prevents volatilization of nitrogen as ammonia (Lauer 
and others, 1976), and only 30 percent of nitrogen in manure applied to the land surface is lost to the atmosphere when the air 
temperature is 50°F (10°C) (Vinten and Smith, 1993). Low infiltration rates of active feed lots from hydrophilic substances in 
manure, and soil compaction caused by hoof action also tends to promote volatilization (Mielke and others, 1974). Nitrogen 
transferred into the atmosphere due to volatilization as ammonia is commonly transferred by wind away from the immediate 
vicinity of the feed lot, sometimes creating unpleasant odors, but ultimately contributing to nitrogen loading of nearby areas, 
especially lakes (Hutchinson and Viets, 1969).

Major controls on ground-water contamination from animal feed lots and their associated treatment and disposal facilities 
include: (1) runoff and infiltration from the feed lots themselves, (2) runoff and infiltration from waste products collected and 
disposed on land, and (3) seepage and infiltration through the bottoms of waste lagoons (Miller, 1980). Based on analysis of 
water from more than 5,000 wells and springs in Missouri, Keller and Smith (1967) reported 42 percent of the ground-water 
sources yielded samples containing more than 5 mg/L nitrate as nitrogen and reported the dominant source as nitrogenous 
waste from livestock feed lots. More than 20 percent of samples from 800 wells in Sussex County, Delaware, where millions 
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of chickens are raised annually, exceeded the drinking-water standard of 10 mg/L nitrate as nitrogen; the average nitrate as 
nitrogen concentration in ground water sampled at chicken farms was 14 mg/L (Robertson, 1979). 

Ground‑Water Contamination from Septic‑Tank Systems

Though commonly treated as non-point sources of ground-water quality degradation, septic-tank systems are potential point 
sources of pollution, because each septic-tank system has an associated discrete plume of wastewater (Harman and others, 
1996; Canter, 1997). Localized contamination, such as effluent from a disposal system entering a nearby well, can occur in 
almost any hydrogeologic setting (Madison and Brunett, 1985). 

Harman and others (1996) delineated a plume of effluent in an unconfined sand aquifer below a septic system servicing a school 
in Ontario, Canada. The septic system produced a 50-foot-wide (15 m) plume core 360 feet (110 m) downgradient from the 
septic-system tile bed with nitrate-as-nitrogen concentrations ranging from 20 to 120 mg/L (Harman and others, 1996). Harman 
and others (1996) estimated the ground-water flow velocity at the site to be about 330 feet (100 m) per year; thus the delineated 
plume represents only about 1 year of effluent loading. This case study shows that the placement of septic-tank systems with 
respect to water wells and springs, for example, should be considered in addition to overall density and lot size. 

In urban or suburban areas where high densities of individual septic-tank systems are used, they contribute large quantities of 
wastes and have the potential to contaminate large parts of water-supply aquifers (Madison and Brunett, 1985). Wastewater 
from septic-tank systems contains many constituents which can cause water-quality degradation. 

Pathogens

As the effluent from a septic tank soil‑absorption system leaves the drain field and percolates into the underlying soil, it can 
have high concentrations of pathogens, such as viruses and bacteria. Organisms such as bacteria can be mechanically filtered 
by fine‑grained soils and are typically removed after traveling a relatively short distance in the unsaturated zone. However, in 
coarse‑grained soils, or soils containing preferential flow paths such as cracks, worm burrows, or root holes, these pathogens 
can reach the water table. Pathogens can travel up to 40 feet (12 m) in the unsaturated zone in some soils (Franks, 1972). Some 
viruses can survive up to 250 days (U.S. Environmental Protection Agency, 1987), which is the minimum ground‑water travel 
time for public water-supply wells or springs to be separated from potential biological contamination sources.

Household and Industrial Chemicals

Many household and industrial chemicals are commonly disposed of through septic systems and, unless they volatilize easily, 
are not remediated by percolation through soils in the unsaturated zone. Contamination from these chemicals can be minimized 
by reducing their disposal via septic-tank systems, maximizing the potential for dilution of household and industrial chemicals 
that do reach ground water (Lowe and Wallace, 1999a). 

Phosphate
 
Phosphate, typically derived from organic material and some detergents, is discharged from septic-tank systems (Fetter, 1988). 
While phosphate (and phosphorus) causes eutrophication (increases in nutrient content and consequent oxygen deficiency) of 
surface waters (Fetter, 1988), it is generally not associated with water-quality degradation from septic-tank systems (Lowe and 
Wallace, 1999a). Phosphates are removed from septic-tank system effluent by adsorption onto fine-grained soil particles and 
by precipitation with calcium and iron (Fetter, 1988). In most soils, complete removal of phosphate from septic-tank effluent 
is common (Franks, 1972).

Nitrate

Ammonia and organic nitrogen are commonly present in effluent from septic-tank systems, mostly from urine. Unlike animal 
wastes in feed-lot operations, waste in septic-tank systems is generally not exposed to the atmosphere, temperature is low, mois-
ture is high, and air movement is inhibited; these conditions minimize ammonia volatilization in some septic tanks and drain 
fields (Wells and Krothe, 1989; Aravena and others, 1993). Although individual humans produce less nitrogen than individual 
farm animals, more of the nitrogen produced by animals is lost to the atmosphere before reaching ground water (Seiler, 1996). 

Typically, almost all ammonia is converted into nitrate before leaving the septic tank soil-absorption system drain field. Once 
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nitrate passes below the zone of aerobic bacteria and the roots of plants, negligible attenuation takes place as it travels farther 
through the soil (Franks, 1972). Once in ground water, nitrate becomes mobile and can persist in the environment for long peri-
ods. Areas having high densities of septic-tank systems risk elevated nitrate concentrations reaching unacceptable levels. In the 
early phases of ground-water quality degradation associated with septic-tank systems, nitrate is likely to be the only pollutant 
detected (Deese, 1986). Regional nitrate contamination from septic-tank discharge has been documented on Long Island, New 
York, where many densely populated areas without sewer systems exist (Fetter, 1988). 

A typical single-family septic-tank system discharges about 400 gallons (1,500 L) of effluent per day containing nitrate concen-
trations ranging from 30 to 80 mg/L (Hansen, Allen, and Luce, Inc., 1994). The U.S. Environmental Protection Agency maxi-
mum contaminant level for drinking water (Utah ground-water quality standard) for nitrate is 10 mg/L. Therefore, distances 
between septic tank soil-absorption system drain fields and sources of culinary water must be sufficient for dilution of nitrate 
in the effluent to levels below the ground-water quality standard. 

Other Sources

Dynamite and other explosives contain nitrogen which can contribute to the degradation of ground-water quality. Van Den-
burgh and others (1993) documented nitrogen contamination at a Nevada facility which processed munitions. Mining activities 
can cause concentrations of sulfide, dissolved metals, and, if cyanide or nitric acids are used in ore processing, nitrogen. Indus-
trial manufacturing can produce various potential ground-water contaminants; the production of ammonia, ammonium nitrate 
fertilizers, and nitric acid are sources of potential nitrogen contamination (Davis, 1973). We did not identify any of these activi-
ties in Sanpete Valley. Landfills and community sanitary sewage treatment plants are also potential sources of water-quality 
degradation, including nitrogen compounds.
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APPENDIX D 
POTENTIAL CONTAMINANT INVENTORY
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APPENDIX E 
DRILLERS' WELL LOGS FOR HIGH-NITRATE-CONCENTRATION WELLS
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Yellow-tan, gray, and pink gravel with 
minor clay, silt, and sand; gravel is 
angular to rounded and consists domi-
nantly of limestone (some oolitic and 
some fossiliferous) with minor sandstone, 
siltstone, and chert; calcareous.

*Note - At 210 feet, driller’s log indicates 
that the cuttings consist of fractured 
limestone; however, cuttings available for 
this analysis consist of gravel-sized 
clasts (alluvium) that are angular to 
rounded and have a cement rind on 
some clasts, the composition is domi-
nantly of heterolithic types of limestone 
(some oolitic and some fossiliferous) of 
different colors and textures with minor 
sandstone, chert, and siltstone (these 
may represent clasts that collapsed into 
the hole from above? or they represent 
the actual interval as labeled on the 
cuttings’ sample bags.

CUTTINGS (%) INTERPRETED
LITHOLOGY DESCRIPTION

GEOLOGIC LOG OF WATER-WELL CUTTINGS
UTAH GEOLOGICAL SURVEY

DWRi Appropriation #:  04-63-001-M00 
Location:  (C-18-1)28dad, Sanpete County, Utah
Driller:  Wright Drilling Inc.

Well Owner:  Centerfield/Mayfield
Win #:  31036
Geologist: Janae Wallace, 02/12/07 

DEPTH
(feet)

clay no sample
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APPENDIX F 
1963 AERIAL PHOTO OF THE HAYES CANYON AREA IN SANPETE COUNTY
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                     1963 land-use practice near Hayes Canyon is similar
to current land-use practice (compare to plates 2 and 6).
Figure F-1.  

Image
Location

Figure F1. 1963 land-use practice near Hayes Canyon is similar to current land-use practices (compare to plates 2 and 6).
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Concentration, Southern Sanpete and 
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by Janae Wallace
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