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Cover photo: View of northern Utah Valley, Utah, looking south from ridgeline above 
Highland, Utah.  
Source: Jay Cederberg, USGS, September 2003.
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Hydrology of Northern Utah Valley, Utah County, Utah, 
1975–2005

By Jay R. Cederberg, Philip M. Gardner, and Susan A. Thiros

Abstract 
The ground-water resources of northern Utah Valley, 

Utah, were assessed during 2003–05 to describe and quantify 
components of the hydrologic system, determine a hydrologic 
budget for the basin-fill aquifer, and evaluate changes to the 
system relative to previous studies. Northern Utah Valley is a 
horst and graben structure with ground water occurring in both 
the mountain-block uplands surrounding the valley and in the 
unconsolidated basin-fill sediments. The principal aquifer in 
northern Utah Valley occurs in the unconsolidated basin-fill 
deposits where a deeper unconfined aquifer occurs near the 
mountain front and laterally grades into multiple confined 
aquifers near the center of the valley.

Sources of water to the basin-fill aquifers occur pre-
dominantly as either infiltration of streamflow at or near the 
interface of the mountain front and valley or as subsurface 
inflow from the adjacent mountain blocks. Sources of water to 
the basin-fill aquifers were estimated to average 153,000 (+/- 
31,500) acre-feet annually during 1975–2004 with subsurface 
inflow and infiltration of streamflow being the predominant 
sources. Discharge from the basin-fill aquifers occurs in the 
valley lowlands as flow to waterways, drains, ditches, springs, 
as diffuse seepage, and as discharge from flowing and pump-
ing wells. Ground-water discharge from the basin-fill aquifers 
during 1975–2004 was estimated to average 166,700 (+/- 
25,900) acre-feet/year where discharge to wells for consump-
tive use and discharge to waterways, drains, ditches, and 
springs were the principal sources.

Measured water levels in wells in northern Utah Valley 
declined an average of 22 feet from 1981 to 2004. Water-level 
declines are consistent with a severe regional drought begin-
ning in 1999 and continuing through 2004.

Water samples were collected from 36 wells and springs 
throughout the study area along expected flowpaths. Water 
samples collected from 34 wells were analyzed for dissolved 
major ions, nutrients, and stable isotopes of hydrogen and 
oxygen. Water samples from all 36 wells were analyzed for 
dissolved-gas concentration including noble gases and tritium/
helium-3. Within the basin fill, dissolved-solids concentra-
tion generally increases with distance along flowpaths from 
recharge areas, and shallower flowpaths tend to have higher 
concentrations than deeper flowpaths. Nitrate concentrations 

generally are at or below natural background levels. Dis-
solved-gas recharge temperature data support the conceptual 
model of the basin-fill aquifers and highlight complexities of 
recharge patterns in different parts of the valley. Dissolved-gas 
data indicate that the highest elevation recharge sources for the 
basin-fill aquifer are subsurface inflow derived from recharge 
in the adjacent mountain block between the mouths of Ameri-
can Fork and Provo Canyons. Apparent ground-water ages in 
the basin-fill aquifer, as calculated using tritium/helium-3 data, 
range from 2 to more than 50 years. The youngest waters in 
the valley occur near the mountain fronts with apparent ages 
generally increasing near the valley lowlands and discharge 
area around Utah Lake.

Flowpaths are controlled by aquifer properties and the 
location of the predominant recharge sources, including sub-
surface inflow and recharge along the mountain front. Subsur-
face inflow is distributed over a larger area across the interface 
of the subsurface mountain block and basin-fill deposits. 
Subsurface inflow occurs at a depth deeper than that at which 
mountain-front recharge occurs. Recharge along the mountain 
front is often localized and focused over areas where streams 
and creeks enter the valley, and recharge is enhanced by the 
associated irrigation canals.

Introduction
Northern Utah Valley is located on the west side of the 

Wasatch Mountains in north-central Utah, approximately 30 
mi south of Salt Lake City (fig. 1). The valley is experienc-
ing a period of rapid population growth and an associated 
change from agricultural to commercial and residential land 
uses. Much of the recent growth is occurring on the west side 
of the valley, west of the Jordan River and Utah Lake, in a 
previously undeveloped area. Ground water is the primary 
source of municipal water within northern Utah Valley, and 
the increased growth coupled with recent drought conditions 
has increased municipal supply demand on ground-water 
resources. Water levels generally declined in northern Utah 
Valley from March 1975 to March 2005, probably the result of 
increased withdrawals for public supply (Burden and others, 
2005, p. 43). Stresses on the basin-fill aquifers resulting from 
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increased withdrawals, drought, or both, need to be evaluated 
in order for water managers to determine maximum amounts 
of withdrawal that would not adversely affect spring and well 
discharge, water quality, or other water rights.

In 2003, the U.S. Geological Survey (USGS) began a 
study of ground-water resources in northern Utah Valley, Utah, 
in cooperation with the Central Utah Water Conservancy Dis-
trict; Jordan Valley Water Conservancy District represent ing 
Draper City; Highland Water Company; Utah Depart ment of 
Natural Resources, Division of Water Rights; and the munici-
palities of Alpine, American Fork, Cedar Hills, Eagle Moun-
tain, Highland, Lehi, Lindon, Orem, Pleasant Grove, Provo, 
Saratoga Springs, and Vineyard. The objectives of this study 
were to develop a better understanding of the ground-water 
system, estimate recent and long-term hydrologic budgets, 
and provide information to help determine potential effects 
of withdrawals on water levels, water quality, and natural 
ground-water discharge in northern Utah Valley. The latest 
conceptual model of the ground-water system in northern Utah 
Valley, as described by Clark and Appel (1985), was areally 
expanded and updated to include recently developed areas. In 
conjunction with this report, the most recent numerical model 
developed for the study area by Clark (1984) is being updated 
as well.

Purpose and Scope

The purpose of this report is to describe the ground-water 
hydrology of northern Utah Valley, Utah. Emphasis is placed 
on the occurrence of ground water within the basin-fill valley 
and the major processes affecting the ground-water hydro-
logic budget including recharge, discharge, and movement of 
water. The major components of recharge and discharge are 
compared in a hydrologic budget for two time periods, 2003 to 
2005 and 1975 to 2004, to represent ground-water conditions 
during data collection specifically for this report (2003–05) 
and a 30-year average (1975–2004) based on historical data 
published by Clark and Appel (1985) and annual hydrologic 
data collected by local, state, and federal agencies. Water-
level fluctuations, ground-water quality, and characterization 
of flowpaths also are described and evaluated. Surface water 
is described only as a source of water and how it relates to 
ground-water recharge. 

The report summarizes and utilizes precipitation, stream-
flow, ground-water pumping, ground-water levels, spring and 
agricultural drain discharge, and ground-water chemical data 
collected from 2003 through 2005. Measured and estimated 
data for 2003–04 are compared to historical data, where avail-
able. 

Previous Investigations

Numerous ground-water resource investigations have 
been completed in northern Utah Valley. Richardson (1906) 
was the first to publish data on ground-water occurrence and 

availability in the area. Hunt and others (1953) studied and 
described, in detail, the geology of the basin-fill deposits 
and the associated aquifers. Cordova and Subitzky (1965) 
updated the work of Hunt and others (1953) and documented 
yearly ground-water resources for northern Utah Valley dur-
ing 1948–63. Clark and Appel (1985) refined the conceptual 
model of northern Utah Valley based on data collected during 
1981–82 (Appel and others, 1982), a period of above normal 
precipitation. Clark (1984) developed the first documented 
numerical model of the basin-fill aquifers in the area. Brooks 
and Stolp (1995) evaluated and developed a model for the 
basin-fill aquifers of southern Utah Valley and Goshen Valley. 
Feltis (1967) evaluated the ground-water resources of nearby 
Cedar Valley.

Physiographic Setting 

The 428-mi2 study area consists of the northern half of 
Utah Valley and the contributing mountain watersheds in 
north-central Utah (fig. 1). Northern Utah Valley is bounded 
on the east by the Wasatch Mountains at the eastern edge of 
the Basin and Range physiographic province (Fenneman, 
1931). The Traverse Mountains and the Lake Mountains 
bound the study area on the north and west, respectively. The 
southern boundary is delineated by an east-west line bisecting 
Provo Bay and Utah Lake and is similar to boundaries used 
by Hunt and others (1953) and Clark and Appel (1985) in 
northern Utah Valley and Brooks and Stolp (1995) in south-
ern Utah Valley. The boundary is parallel to the direction of 
ground-water flow, and only a small amount of surface-water 
flow crosses it. 

Land-surface altitude in the study area ranges from about 
4,489 ft around Utah Lake to 11,750 ft at the peak of Mount 
Timpanogos in the Wasatch Mountains (fig. 2). Maximum 
altitude in the Traverse Mountains is about 6,680 ft and about 
7,690 ft in the Lake Mountains. A distinct break in slope is 
evident in much of the study area at an altitude of about 5,200 
ft where the valley floor abuts the mountain blocks. The valley 
floor slopes from the mountains to Utah Lake with an aver-
age gradient of less than 50 ft/mi whereas the gradient in the 
mountain blocks averages 300 ft/mi (Clark and Appel, 1985) 
(fig. 3).

Near the center of the valley is Utah Lake, a large (about 
150 mi2), shallow (9.5 ft average depth) natural freshwater lake 
that lies in the valley lowlands and overlies approximately 69 
mi2 of the 240 mi2 of unconsolidated basin-fill deposits in the 
northern Utah Valley study area. Utah Lake is the natural sink 
for all of the perennial streams and rivers entering into Utah 
Valley and for discharge of local and regional aquifers. The 
lake is managed as an irrigation water source for water users in 
northern Utah Valley and Salt Lake Valley. The water level in 
Utah Lake cannot exceed the compromise level of 4,489.045 
ft (approximate level of Utah Lake shown in fig. 2). This level 
was established as a compromise between downstream water 
users and property owners surrounding the lake to allow for 
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Table 1. Mean annual temperature and precipitation for selected weather stations in the northern Utah Valley study area, Utah County, 
Utah, 1971–2000.
[Source: National Oceanic and Atmospheric Administration, 2006]

Station name Station number Altitude 
(feet)

Annual temperature 
(degrees Fahrenheit)

Mean annual 
precipitation 

(inches)Minimum Mean Maximum

Alpine, Utah 420061 5,070 17.8 49.9 91.0 18.9
Brigham Young University at Provo, Utah 427064 4,570 22.5 53.3 93.4 20.1

Pleasant Grove, Utah 426919 4,714 19.3 51.1 89.8 17.7

Timpanogos Cave, Utah 428733 5,740 20.0 49.4 91.6 25.5

Utah Lake near Lehi, Utah 428973 4,497 15.7 48.8 89.8 12.4

adequate storage (870,000 acre-ft at compromise) in Utah Lake 
while preventing flooding of the adjacent lands. Above this 
level, water must be allowed to flow freely out of Utah Lake to 
the Jordan River. The Jordan River, which is the natural outlet 
for Utah Lake, originates at the northwestern end of the lake, 
flows north through northern Utah Valley, and enters into Salt 
Lake Valley through the Jordan Narrows (fig. 2). 

Climate

The climate of northern Utah Valley is semi-arid and 
temperate with a frost-free season from May through Septem-
ber. Mean annual precipitation in the valley from 1971 to 2000 
ranged from 12.4 in. at the northwestern end of Utah Lake near 
Lehi, Utah, to 20.1 in. at Brigham Young University at Provo, 
Utah (National Oceanic and Atmospheric Administration, 
2006) (table 1). Mean annual precipitation at a low-altitude 
mountain weather station, Timpanogos Cave, Utah, was 25.5 
in. High-altitude areas of the Wasatch Mountains receive as 
much as 61 in. of precipitation annually, as determined from 
Parameter-elevation Regressions on Independent Slopes model 
data (PRISM) (Daly and others, 1994), with most occurring 
as snowfall during the winter months (fig. 4). The highest 
altitudes in the Lake and Traverse Mountains receive less than 
23 in. of precipitation annually. The 30-yr (1971–2000) aver-
age annual precipitation for the study area was 325,000 acre-ft, 
with 280,000 acre-ft occurring over the mountains and 45,000 
acre-ft in the valley, as determined from PRISM data. Annual 
precipitation in the study area and the monthly average water-
surface altitude of Utah Lake from 1949–2003 are shown in 
figure 5. 

Population and Land Use 

The population in northern Utah Valley and incorporated 
areas was approximately 284,000 in 2000. Northern Utah 
Valley is part of one of the fastest growing metropolitan areas 
in the nation (Utah Valley Economic Development Associa-

tion, 2002). Population data and statistics are listed in table 
2. The population increased by 71 percent (117,567) during 
1980–2000. Sixty-seven percent (78,737) of the 1980–2000 
increase occurred during 1990–2000. Population projections 
for northern Utah Valley indicate that the area will continue to 
grow, but possibly at a slightly slower rate, to a population of 
about 470,000 by the year 2030. 

Occurring in conjunction with increasing population is a 
change in land use resulting from urbanization of agricultural 
and undeveloped lands (fig. 6). Land use classified as com-
mercial and residential during 1980–2002 increased by 134 
percent (22,300 to 52,200 acres, table 3), whereas irrigated 
agricultural lands decreased by about 48 percent (42,100 to 
21,900 acres). Land-use change is calculated by comparison of 
land-use surveys conducted in 1980 (Clark and Appel, 1985), 
1988, 1995, and 2002 (Utah Department of Natural Resources, 
2004). Land use was categorized as (1) irrigated agricultural 
land, (2) nonirrigated agricultural land including native vegeta-
tion, dry land farming, and riparian areas; and (3) commercial 
and residential lands (fig. 7).

Clark and Appel (1985, p. 9) reported a 10,000-acre 
increase in land classified as commercial and residential 
between 1966 and 1980, with about 60 percent of the increase 
occurring as the conversion of irrigated agricultural land. Dur-
ing 1980–2002, about 68 percent of the new commercial and 
residential land was converted from irrigated agricultural land. 
On average during this time period, irrigated and nonirrigated 
agricultural lands decreased by about 900 and 400 acres per 
year, respectively, whereas commercial and residential lands 
increased annually by about 1,300 acres.

Geology

Utah Valley is a north-south trending, normally faulted 
horst and graben structure formed during the Tertiary and Qua-
ternary Periods (Clark and Appel, 1985, p. 5). The prominent 
Wasatch Fault zone forms the eastern boundary between the 
Wasatch Mountains (eastern bedrock horst) and the sediment-
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filled basin of the valley floor (graben) (fig. 3). Displacement 
along the Utah Valley section of the Wasatch Fault zone occurs 
along a narrow band and has been reported to be about 7,000 ft 
or more (Hunt and others, 1953). The Utah Fault zone bounds 
the west side of the horst and graben system with a series of 
relatively low-displacement faults adjacent to the Traverse and 
Lake Mountains (western bedrock horst). These occur over 
a wider zone with less initial displacement than the Wasatch 
Fault zone (fig. 2). Gravity surveys have been interpreted to 
show a sequence of blocks dropping normally from the west-
ern mountain block to the center of the valley (Zoback, 1983).

The bedrock forming the mountain blocks (horsts) that 
flank the east, north, and west sides of northern Utah Valley 
are predominantly limestones, orthoquartzites, dolomites, 
and shales of Mississippian and Pennsylvanian age (Hunt and 
others, 1953; Machette, 1992; Beik, 2003). The northeastern 
section of mountain block, within the Wasatch Mountains, is 
composed of altered monzogranites and granodiorites of the 
Tertiary Little Cottonwood Stock. Tertiary volcanic rocks cap 
portions of the Traverse Mountains (Beik, 2003).

Sediment derived from the surrounding mountain blocks 
is the source material filling the basin (graben) and forming 
the valley floor. The Quaternary-age unconsolidated basin-
fill deposits were deposited by colluvial, alluvial, fluvial, and 
lacustrine processes. The coarsest unconsolidated deposits 
are thickest near the mountain blocks and canyon mouths, 
whereas fine-grained deposits are thickest near the valley cen-
ter or below Utah Lake. Intermittently throughout the Quater-
nary Period, large regionally extensive lakes, including Lake 
Bonneville, filled the Utah Valley basin (Hunt and others, 
1953). The intermittent nature of the large lakes allowed for 
alternating periods of fine-grained (lacustrine) material deposi-
tion when the lakes were present and coarse-grained material 
deposition during dry periods. 
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Table 2. Population statistics and projections for northern Utah Valley, Utah.

[Population statistics for 2010, 2020, and 2030 are projected. Abbreviation: —, no data]

Municipality

Population statistics and projections

1980 1990
Percent 
change

(10 years)
2000

Percent 
change

(10 years)
2010 

Percent 
change

(10 years)
2020

Percent 
change

(10 years)
2030

Percent 
change

(10 years)

Alpine 2,649 3,492 32 7,146 105 9,874 38 11,752 19 15,675 33
American Fork 13,606 15,696 15 21,941 40 27,787 27 32,573 17 35,583 9

Cedar Hills 571 769 35 3,094 302 6,807 120 9,663 42 10,133 5

Eagle Mountain — — — 2,157 — 9,758 352 16,756 72 22,770 36

Highland 2,435 5,002 105 8,172 63 14,940 83 20,120 35 23,564 17

Lehi 6,848 8,475 24 19,028 125 31,302 65 44,437 42 48,975 10

Lindon 2,796 3,818 37 8,363 119 10,711 28 11,918 11 13,020 9

Orem 52,399 67,561 29 84,324 25 96,039 14 100,020 4 103,000 3

Pleasant Grove 10,833 13,476 24 23,468 74 27,334 16 30,415 11 33,226 9

Provo 74,111 86,835 17 105,166 21 118,607 13 130,814 10 134,687 3

Saratoga Springs — — — 1,003 — 8,993 797 18,005 100 23,450 30

Vineyard 197 151 -23 150 -1 968 545 4,056 319 5,703 41

Northern Utah Valley 
total (rounded)

166,400 205,300 23 284,000 38 363,100 28 430,500 19 469,800 9

Table 3. Land-use change data for northern Utah Valley, Utah, 1966–2002.
[Abbreviation: —, no data]

Year

Agriculture Commercial/ residential Irrigated  
agricultural  
converted to  
commercial/  
residential

(acres)

Increase in commercial/  
residental occurring on  

previously irrigated  
agricultural land 

(percent)

Irrigated 
(acres)

Non-irrigated and 
native vegetation

(acres)

Total
(acres)

Increase
(acres)

Increase
(percent)

11966 50,600 42,600 11,900 — — — —
11980 42,100 40,600 22,300 10,400 387 8,500 82
21988 32,300 37,500 35,200 12,900 58 10,400 81
21995 26,500 35,500 43,000 7,800 22 4,300 55
22002 21,900 31,000 52,200 9,200 21 6,100 66

1 Clark and Appel (1985, figures 5 and 6).
2 Utah Department of Natural Resources (2004).
3 Clark and Appel (1985) calculated a 58-percent increase in commercial/residential land use. The difference between datasets results from different study area 

dimensions, land-use classification methods, and methods of analysis.
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Their time and interest in discussions of their respective water 
works and water-use practices is greatly appreciated by the 
U.S. Geological Survey.

Ground-Water Hydrology
Ground water is the primary source of drinking water 

in northern Utah Valley and also is used for irrigation, stock 
watering, and industrial purposes. Productive aquifers are 
present in both the bedrock mountain blocks surrounding 
northern Utah Valley and in the unconsolidated basin-fill 
sediments in the valley. The basin-fill aquifers are the primary 
source of ground water and are collectively referred to herein 
as the principal aquifer. The majority of wells in the study area 
are completed within the basin-fill aquifers because of the ease 
of drilling, accessibility, and generally high-quality water that 
is suitable for domestic use. Increasingly, bedrock aquifers 
within the study area are being developed, especially in the 
area west of the Jordan River. 

Occurrence of Ground Water

Richardson (1906) was the first to delineate separate con-
fined aquifers in northern Utah Valley where he noticed differ-
ent water levels in wells adjacent to each other but completed 
at different depths. Hunt and others (1953) further expanded 
the delineation of separate and distinct aquifers by dating the 
age of deposition for the sediments making up each aqui-
fer. Clark and Appel (1985) also used the conceptual model 
of distinct and separate aquifers. They attempted to further 
delineate and date the period of deposition for the sediments 
in the deepest confined aquifer in sediments of Quaternary- 
and Tertiary-age (QT aquifer). Their attempts to enhance or 
verify the period of deposition as Quaternary or Tertiary were 
inconclusive. This study made no attempt to further date or 
verify previous ages but rather verifies the conceptual model 
of discrete and continuous confined aquifers.

The original conceptual model of the basin-fill aquifers 
in southern Utah Valley by Bissell (1963) was described as 
containing multiple confined aquifers, similar to northern Utah 
Valley. Brooks and Stolp (1995) reassessed the conceptualiza-
tion in southern Utah Valley and, through the evaluation of 
new and old drillers’ logs for wells completed throughout the 
area, determined that distinct and continuous aquifers could 
not be delineated for that part of the valley. 

Bedrock Aquifers
Ground water occurs throughout the mountain blocks 

surrounding northern Utah Valley, and lateral subsurface flow 
from the bedrock uplands is considered a major source of 
water to the basin-fill aquifers (see “Subsurface Inflow” sec-
tion of this report). Primary porosity in the competent bedrock 
is low, therefore limiting the movement and storage of ground 

water. Secondary porosity from faults and fractures within 
the bedrock mountain block allows for greater ground-water 
movement and storage. Secondary porosity within limestone is 
increased by dissolution channels as is evidenced by the caves 
at Timpanogos Cave National Monument in the American 
Fork River drainage basin.

Faulting is prevalent throughout northern Utah Valley 
with the Wasatch Fault zone separating the Wasatch Moun-
tains from the down-dropped graben that forms the Utah Val-
ley basin (fig. 8). The Wasatch Fault extends north along the 
Wasatch Mountains past American Fork Canyon as far as Dry 
Creek and follows Fort Creek along the east end of the Tra-
verse Mountains, thereby separating the Traverse Mountains 
from the Wasatch Mountains block. The Traverse Mountains 
are composed of a highly fractured orthoquartzite conglom-
erate with a potentially high storage capacity. Beik (2003) 
mapped normal faults bounding the south and west flanks of 
the Traverse Mountains.

A series of normal faults trending north to south have 
been mapped beneath Utah Lake (fig. 8) (Hecker, 1993; Beik, 
2003) and are interpreted to extend farther north along the 
Jordan River. Warmer ground water with elevated dissolved-
solids concentrations is present along and in the vicinity of 
these faults. Evaluation of well logs in the Eagle Mountain 
area (cross section A-A’ on fig. 9) indicate faulting and associ-
ated graben structures in the area connecting Cedar Valley to 
northern Utah Valley.

Unconfined Basin-Fill Aquifers
Unconfined conditions occur throughout the valley, 

though the character of the unconfined aquifer varies laterally 
away from the mountain blocks to the valley center. The part 
of the unconfined aquifer toward the center of the valley that 
overlies the major confining layers is in fine-grained Lake 
Bonneville deposits (LB aquifer) (fig. 3). It is thin with shal-
low depths to water and generally does not produce a large 
volume of water. By contrast, the unconfined aquifer adjacent 
to the mountain blocks in pre-Lake Bonneville deposits (PLB 
aquifer), where the confining layers are thin and discontinuous 
or absent, consists of thick, coarse-grained, permeable deposits 
that extend laterally beneath the confining layers (fig. 3).

The shallow unconfined LB aquifer generally occurs 
lower in the valley along the base of the benches and extends 
into the valley bottom. In areas higher on the benches, where 
the layers of fine-grained sediments that form the base of the 
LB aquifer are discontinuous, small perched aquifers may be 
present. The Lake Bonneville sediments generally consist of 
clay, silt, and sand grading to low permeability clays at depths 
ranging from 5 to 40 ft below land surface. The low perme-
ability clay layer is extensive and continuous across the lower 
part of the valley and forms the uppermost confining unit 
(CF1). East of the Jordan River, the clay is typically charac-
terized as low permeability blue clay on well drillers’ logs. 
West of the Jordan River, the character of the clay is generally 
similar except it is often noted as having a tan color. The water 
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table of the LB aquifer is generally within tens of feet of the 
land surface. Use of this aquifer is mostly limited to small-
scale irrigation because of low production and poor water 
quality relative to the deeper aquifers. 

The sediments that make up the unconfined PLB aquifer 
generally consist of unconsolidated sand, coarse to very coarse 
gravel, cobble, and boulder deposits. Layers of clay and silt 
are thin and discontinuous, allowing easy infiltration of sur-
face water entering the valley from the mountain blocks. This 
area is the major zone of surficial recharge to the confined 
aquifers present in the center of the valley. The width of the 
unconfined zone varies widely depending on the relative loca-
tion to major canyons in the adjacent mountain blocks. Closer 
to the canyon mouths, where more surface water and source 
material are available, large alluvial fans and deltaic deposits 
dominate. The high-energy environment re-distributes coarser-
grained sediments and removes most of the fine-grained 
sediments deposited close to the canyon mouth. In general, 
the PLB aquifer ranges from about 200 ft wide in the southern 
part of the study area to more than 1 mi wide in the Highland/
Alpine area. The thickness of the deposits in the PLB aquifer 
also varies, ranging from less than 300 ft adjacent to the west-
ern mountain block to more than 1,550 ft along the eastern 
and northern mountain blocks. Depth to water is dependent on 
the altitude of the land surface and can range from about 150 
ft near the mouth of the Provo River to 400 ft in the Highland 
area.

Confined Basin-Fill Aquifers
Hunt and others (1953) originally distinguished three 

confined aquifers in the basin-fill deposits of northern Utah 
Valley based on their relative depths and suspected age of 
sediment deposition associated with each aquifer. The nam-
ing convention applied with depth is: the shallow confined 
aquifer in deposits of Pleistocene age (SP aquifer), the deep 
confined aquifer in deposits of Pleistocene age (DP aquifer), 
and the confined aquifer in deposits of Quaternary/Tertiary 
age (QT aquifer). Each aquifer is a lateral continuation of the 
PLB aquifer with multiple clay and silt units acting as confin-
ing layers between aquifers (fig. 3). The clay and silt units 
originate away from the mountain front and thicken toward 
the lowest parts of the valley. The confining clay units and the 
deposits forming the aquifers are generally laterally extensive, 
although locally the units may be thin or non-existent and dif-
ficult to correlate among wells.

The SP aquifer is the shallowest confined aquifer in 
northern Utah Valley and occurs throughout the middle and 
lower parts of the basin (fig. 10). The aquifer generally con-
sists of deposits of silt, sand, and gravel with a thickness rang-
ing from 10 to 150 ft. It underlies the uppermost confining unit 
(CF1), a blue clay layer that is the most distinguishable and 
continuous layer identifiable in drillers’ logs. This confining 
unit ranges in thickness from 50 to 150 ft. In many drillers’ 
logs, the SP aquifer deposits are noted to occur at depths of 90 
to 120 ft below land surface. Underlying the SP aquifer is the 

next major confining clay layer (CF2) that is often described 
in drillers’ logs as blue or tan clay with a highly variable thick-
ness ranging from 10 to 200 ft.

The DP aquifer may be the most extensive aquifer within 
the valley because it occurs both near the mountain front and 
in the lower parts of northern Utah Valley (fig. 10). The DP 
aquifer is highly variable in thickness and locally may consist 
of multiple coarser material layers separated by thin clay and 
silt layers. The aquifer consists of mixed sands and gravels 
close to the mountain front and grades to silty sand near the 
valley lowlands. Near Lehi and American Fork, the aquifer 
often is present at depths of about 180 to 200 ft below land 
surface and generally has a thickness of about 100 ft. Near 
Pleasant Grove, Geneva, and Vineyard, the depth of the DP 
aquifer is generally from 250 to 325 ft below land surface with 
thickness varying from 50 to 200 ft. Often, wells do not fully 
penetrate the DP aquifer and thicknesses listed on drillers’ 
logs may not represent the full thickness of the aquifer. When 
penetrated, the underlying clays forming the lowest confining 
unit (CF3) are described as white clays, hardpan, or conglom-
erate. 

The QT aquifer is the least penetrated, developed, and 
documented aquifer in the basin-fill deposits of northern Utah 
Valley. Deposits are often described in drillers’ logs as coarse-
grained gravels and sands interbedded with clays and silts that 
are not correlated among wells and are assumed to be discon-
tinuous. The thickness of the QT aquifer is not known but is at 
least 600 ft in the vicinity of Vineyard. Most wells drilled into 
the QT aquifer do not penetrate the aquifer more than a few 
hundred feet before adequate water is supplied to the well.

The unconsolidated sediments west of the Jordan River 
and Utah Lake are described in drillers’ logs much the same 
as the QT aquifer deposits are described, consisting of coarse 
gravels and sands interbedded with clays and silts. The upper-
most fine-grained clays west of the Jordan River and Utah 
Lake are described as having a light tan color rather than the 
distinctive blue color described of the fine-grained sediments 
to the east of the Jordan River in CF1. Limestone bedrock has 
been penetrated at about 300 ft in wells drilled adjacent to the 
west shore of Utah Lake and west of the Jordan River. The 
Utah Lake fault zone traverses the area along the west side of 
Utah Lake and along the Jordan River corridor. This likely has 
offset the sediments west of the Jordan River relative to sedi-
ments to the east. Because of these differences, the associated 
confining unit and aquifer west of Utah Lake and the Jordan 
River are designated separately as confining unit 4 (CF4) and 
the western unconsolidated aquifer (WU), respectively (fig. 
10). Even though the units are designated separately, it is 
assumed that they are hydraulically connected to designated 
units CF1 and the SP aquifer to the east. As in the eastern side 
of the valley, unconfined aquifer conditions are present near 
the mountain front of the Lake Mountains and Traverse Moun-
tains but change to confined conditions in the valley lowlands. 
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Figure 10. Extent of the basin-fill aquifers and confining units as determined from the hydrostratigraphic framework, northern Utah 
Valley, Utah.
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Hydrostratigraphic Framework
A three-dimensional hydrostratigraphic framework was 

developed to represent the extent, both areally and at depth, 
of the aquifers and confining units composing the principal 
basin-fill aquifer in northern Utah Valley. The framework 
units were delineated by using 924 lithologic logs from wells 
throughout the study area. Individual framework units were 
constructed by using a computer program to interpolate a 
surface between the delineated points to represent the con-
tact between hydrostratigraphic units. The hydrostratigraphic 
framework was developed to be used in the numerical ground-
water flow model being developed concurrently (2007).

The State of Utah Department of Natural Resources, 
Division of Water Rights, maintains an electronic archive of 
drillers’ logs for newly drilled wells and a subset of historical 
drillers’ logs. In total, 675 drillers’ logs were used from those 
entered into the Division of Water Rights database through 
October 2004. An additional 249 drillers’ logs were entered 
into the database by USGS personnel. A total of 924 drillers’ 
logs were used with 867 of the logs from wells located within 
the study area boundary (fig. 8).

In order to compare lithologic descriptions from a variety 
of sources, drillers’ logs were simplified to represent gross 
lithologic conditions as noted during drilling. This simplifica-
tion included interpretation of the lithologic descriptions in 
order to normalize the subjective nature of the logs. Drillers’ 
logs submitted to the State of Utah are required to include the 
different types of material encountered (clay, silt, sand, gravel, 
cobble, boulder) at a specific depth, but the percentage of each 
is generally not documented on the log. All different combina-
tions of sediments were considered and grouped in the same 
manner so that every interval in a log could be generalized as 
clay, silt, sand, gravel, cobble, boulder, hardpan, or bedrock. 
Simplification included designating groupings of sediment 
types into specific classes of the dominant material that likely 
controls the gross hydraulic properties at the noted depth. For 
example, on a log noting clay and silt at a specific depth, the 
clay and silt were lumped together and considered to represent 
the gross hydraulic properties of clay, whereas a section noted 
as having silt and sand at the same depth was considered to 
have the gross hydraulic properties of sand. Wells with litho-
logic information are represented in three-dimensional space 
in figure 11.

Logs were interpreted individually without knowledge of 
the location of the well in order to determine if specific and 
distinct confining units and aquifers could be determined from 
lithology only. Gross changes in lithology as noted on drillers’ 
logs were the primary indicators of the hydraulic properties 
encountered during drilling. In addition, substrate characteris-
tics noted by drillers, including color, texture, and presence of 
water, were used to help delineate aquifers or confining units. 
Delineation of the shallow unconfined (water-table) LB aqui-
fer was not attempted because most drillers’ logs completed 
in northern Utah Valley do not address the occurrence of this 
low-yielding aquifer. As a result, all material above the first 

occurrence of a clay layer or above the water table in the pre-
Lake Bonneville deposits was classified as overburden. 

Hydrostratigraphic unit delineation, based on the simpli-
fied lithology, was completed for the majority of the inter-
preted lithologic logs. Logs for wells occurring along the 
mountain front generally had no discernable confining unit, 
whereas logs for relatively deep wells in the lower part of the 
valley could consistently be characterized as having at least 
one or two confining units at representative depths. The major-
ity of logs are consistent with the aquifers and confining units 
represented in the conceptual models described by Hunt and 
others (1953) and Clark and Appel (1985). 

Correlation of the interpreted hydrostratigraphic units 
among wells was done to generate surfaces that represent the 
top of each hydrostratigraphic unit within the framework. 
Generation of the hydrostratigraphic unit surfaces was done 
by using a computer program with an automated technique 
for determining the Kriging method with the least amount of 
uncertainty based on the variance of the Kriging algorithm 
(Rockware, 2004). The technique uses the variance between 
adjacent wells to determine a best-fit location within a 1,640 
by 1,640 ft (500 by 500 m) grid covering the extent of the 
basin-fill deposits in northern Utah Valley. The Kriging 
method works well at defining directional trends, such as sur-
face expression. To avoid clustering effects of adjacent wells, 
the data were normalized to a 164 by 164 ft (50 by 50 m) grid 
by taking the average of all data points within that grid. The 
variance near a data source is generally low but increases, 
along with uncertainty, as distance from the data source 
increases. Few data are available for the mountain block near 
the boundary with the valley basin-fill sediments, and no data 
are available for the area covered by Utah Lake (fig. 10). The 
lack of data generates a great deal of uncertainty within these 
areas. The interpreted hydrostratigraphy at the mountain block/
valley basin-fill sediment boundary was delineated solely 
by the delineated boundary by Anderson and others (1994). 
The interpreted hydrostratigraphy underlying Utah Lake was 
interpolated and extrapolated from well data adjacent to the 
lake on the east side of the valley with the assumption that the 
aquifer material becomes finer grained as the distance from 
the mountain front increases. Because Utah Lake is a remnant 
of ancient Lake Bonneville and other paleolakes, lacustrine 
deposition likely has been a dominant process in the valley 
bottom throughout much of the Quaternary Period and into the 
Tertiary Period. The Utah Lake fault zone was generalized and 
represented as a single fault extending from the south bound-
ary to the north boundary. The generalized fault represents 
the boundary between hydrostratigraphic units on the east and 
west sides of northern Utah Valley (fig. 10). 

The density of collected data decreases with depth where 
fewer wells penetrate into the deeper aquifers, especially the 
QT aquifer. The lack of data collected at depth increases the 
uncertainty in the hydrostratigraphic surface for the deeper 
aquifers. An additional limitation of interpolation is that most 
wells do not fully penetrate the aquifer that they are completed 
in. This provides an upper contact between units but not an 
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Figure 11. Three-dimensional representation of wells with lithologic information used for development of a hydrostratigraphic 
framework, northern Utah Valley, Utah.

absolute thickness of the lowest unit drilled into, which is most 
often an aquifer unit. A fence diagram (fig. 12) represents the 
vertical extent of the hydrostratigraphic units along different 
cross sections of the basin-fill deposits (figs. 13, 14, 15, and 
16). The location of each cross section is shown in figure 8.

Hydrostratigraphic framework units are represented as 
a surface layer with top elevation and thickness represented 
for each 500-m cell within the hydrostratigraphic frame-
work (fig. 12). Each individual hydrostratigraphic unit may 
be represented as a single unit or as a grouped model with 
each unit represented. The extent of each hydrostratigraphic 
unit representing the aquifers (SP, DP, QT, and WU), as well 
as the associated confining unit, is illustrated in figure 10. 
Hydrostratigraphic units extend laterally to the mountain front 
and adjoin to the unconfined PLB aquifer as described previ-

ously. In order to simplify development of the hydrostrati-
graphic framework, designation of the unconfined PLB aquifer 
unit was joined to the QT aquifer unit; therefore, the QT 
aquifer unit also represents the PLB aquifer unit within the 
hydrostratigraphic framework. The SP, DP, and WU aquifers 
are considered nearly continuous lateral extensions of the 
unconfined PLB aquifer. Where the confining unit overrid-
ing each respective aquifer is absent, the aquifer is assumed 
to connect to the combined PLB and QT aquifer hydrostrati-
graphic framework unit. 
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from Geneva to near Provo Bay (F-F’), northern Utah Valley, Utah.
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Sources of Water to the Principal Basin-Fill 
Aquifer

Water in the principal basin-fill aquifer occurs predomi-
nantly from two sources, including 1) seepage through the 
basin-fill sediments from surficial sources including streams 
and canals, irrigation water, domestic watering of lawns and 
gardens, and direct precipitation; and 2) as subsurface inflow 
from the adjacent mountain blocks. Contributions to the prin-
cipal basin-fill aquifer from both sources were estimated to 
be 153,000 (+/- 31,500) acre-ft/yr during 1975–2004 (table 4) 
with surficial sources contributing 79,550 (+/- 11,100) acre-ft 
and mountain-block subsurface inflow (MBI) contributing 
73,500 (+/- 22,500) acre-ft, including subsurface inflow from 
Cedar Valley. Infiltration from stream and canal seepage or 
“mountain-front recharge” was the greatest source of surface-
water recharge (68,700 +/- 9,500 acre-ft/yr) for 1975–2004. 
Recharge of water from surficial sources to the principal 

basin-fill aquifer occurs predominantly near the mountain 
front within the primary recharge area of the valley where con-
fining layers are thin and discontinuous (figs. 2 and 3). Sub-
surface inflow occurs where water in the mountain block flows 
into the basin-fill aquifer at the subsurface contact between 
the mountain block and basin-fill material. Heterogeneity and 
preferential flowpaths (faults and fractures) within each of the 
aquifers and at the contact between aquifers is a likely control 
on where inflow to the basin-fill aquifer occurs. Leakage to 
the confined basin-fill aquifers from the overlying unconfined 
LB aquifer within the secondary recharge area may occur but 
is considered negligible because of a relatively low amount of 
streamflow crossing the area and impermeable properties of 
the confining units. Recharge to the principal basin-fill aquifer 
as a result of seepage from septic systems was considered 
negligible and was not calculated because municipal sewer 
utilities are used in most of the developed areas within the 
primary recharge area.

Table 4. Sources of water and discharge as it relates to the ground-water hydrologic budget for the principal basin-fill aquifer in 
northern Utah Valley, Utah, 1975–2004.
[All values in acre-feet per year. Abbreviations: —, no data or value not calculated; ±, plus or minus]

Sources of water and discharge
1975–2004  

Annual average  
(estimated error)

2003–2004
1980–82 

(Clark and 
Appel, 1985)

1948–63 
(Cordova and 

Subitsky, 1965)

Sources of water

Stream and canal seepage 168,700 (± 6,900) 156,500 73,000 84,000

Irrigated fields 24,800 (± 500) 11,400 8,000 3,758,000

Domestic watering (lawns and gardens) 23,100 (± 300) 14,200 2,000 —

Precipitation in primary recharge area 3,200 (± 1,300) — 5,000 8,000

Subsurface inflow from the mountain block 166,000 (± 20,000) 156,000 112,000 —

Subsurface inflow from Cedar Valley 7,500 (± 2,500) — — —

 Total (rounded) 153,000 (± 31,500)
(122,000 – 185,000)

— 5200,000 5,7150,000

Discharge source

Wells 161,000 (± 10,000) 158,800 68,000 50,000

Waterways, drains, ditches, and springs around Utah Lake 269,000 (± 6,900) 154,700 100,000 4182,000
(53,000)

Springs and diffuse seepage beneath Utah Lake 125,500 (± 6,000) 120,400 37,000 30,000

Ground-water seepage to Jordan River 13,100 (± 700) 12,500 3,500-5,600 7,000

Evapotranspiration from ground water 15,500 (± 1,500) 14,400 8,000 13,000

Subsurface outflow to Salt Lake Valley 12,600 (± 800) — 2,000 —

 Total (rounded) 166,700 (± 25,900)
(141,000 – 192,000)

— 6220,000 5,7282,000
(153,000)

1Calculated using measured or estimated annual values.
2Calculated as the average of the 2003–04 calculated value and published value in Clark and Appel (1985) and Cordova and Subitsky (1965) where available.
3Calculation includes recharge from irrigated fields throughout all of northern Utah Valley not just within the primary recharge area.
4Cordova and Subitsky (1965) calculated the total discharge from waterways, drains, and springs including discharge from the shallow unconfined aquifer; 

53,000 acre-feet is the estimated discharge from the principal basin-fill aquifer.
5Sum does not include all hydrologic components.
6Sum assumes average ground-water seepage to Jordan River is 4,500 acre-feet per year.
7Value includes contribution of recharge or discharge from the shallow unconfined aquifer; value in parenthesis is the estimated value for the principal basin-

fill aquifer only.



Ground-Water Hydrology  25

Stream and Canal Seepage
Seepage of surface water from natural stream channels 

and large canals into the unconsolidated basin-fill deposits 
is estimated to be 56,500 acre-ft/yr during 2003–04 with an 
average of 68,700 acre-ft/yr during 1975–2004 (table 5). 
High infiltration rates occur along the mountain front where 
mountain streams and diverted canals flow into the valley and 
onto highly permeable coarse-grained basin-fill sediments 
(fig. 3). Eight major perennial streams flow into northern Utah 
Valley from the Wasatch Mountains including the Provo River, 
American Fork River, Dry Creek, Fort Creek, Battle Creek, 
Grove Creek, Rock Creek, and Slate Creek (fig. 1). One peren-
nial stream, West Canyon Creek, originates west of the study 
area in the Oquirrh Mountains. This stream has a natural chan-
nel through Cedar Valley and into northern Utah Valley, but as 
a result of diversions at the canyon mouth and infiltration into 
the basin-fill deposits in Cedar Valley, the stream generally is 
dewatered before entering the study area. Cumulatively, the 
perennial streams discharge about 285,700 acre-ft to northern 
Utah Valley annually (1975–2004) (table 6). In addition to 
the perennial streamflow, three major diversions (Salt Lake 
Aqueduct, Olmsted Diversion/Alpine and Jordan Aqueducts, 
and Murdock Diversion/Provo Reservoir Canal) divert about 
135,700 acre-ft/yr from the Provo River before the river enters 
the study area (table 7). The diverted water is delivered to 
northern Utah Valley and Salt Lake Valley for municipal and 

agricultural use. Annual gaged or estimated streamflow during 
1975–2004 for streams in the study area is tabulated in table 6.

Provo River, Major Diversions, and Valley Irrigation Canals
The Provo River drainage basin, with an area of 637 

mi2 and headwaters located outside of the study area in the 
Uinta Mountains, is the largest basin in northern Utah Val-
ley. Average annual recharge to the principal basin-fill aquifer 
from streamflow seepage in the Provo River drainage basin 
is estimated to be 39,400 acre-ft/yr. Seepage from the Provo 
River below the valley canal diversions was estimated to be 
about 30,000 acre-ft/yr based on a seepage study completed by 
the Bureau of Reclamation and described by Clark and Appel 
(1985, p. 22). Seepage from the Provo River irrigation canals 
in the valley and the Provo Reservoir Canal is estimated to be 
3,600 acre-ft/yr, and 5,900 acre-ft/yr, respectively (table 8).

Annual streamflow in the Provo River drainage basin is 
about 335,000 acre-ft with 285,000 acre-ft coming from within 
the Provo River Basin and 50,000 acre-ft from trans-basin 
water transfers from the Duchesne River via the Duchesne 
Tunnel in the Colorado River Basin and from the Weber River 
via the Weber-Provo Diversion in the Weber River Basin (table 
7) (Utah Division of Water Rights, 2006). Major diversions 
from the Provo River in Provo Canyon, above the mountain 
block/basin-fill boundary and as far upstream as Deer Creek 
Reservoir, divert an average of about 136,000 acre-ft/yr of 
water out of the river for municipal and agricultural distribu-

Table 5. Sources of water to the principal basin-fill aquifer in northern Utah Valley, Utah, 1975–2004.
[All values in acre-feet per year. Bold value indicates totals. Abbreviations: ±, plus or minus; —, not calculated due to lack of available data]

Source of water 1975–2004 Annual average
(estimated error) 2003–04

Stream and canal seepage
 Provo River and canals 39,435 37,700
 American Fork River and canals 13,400 8,400
 Dry Creek and Bull River canal 5,355 3,500
 Fort Creek 2,065 1,600
 Battle Creek 380 200
 Grove Creek 270 200
 Rock Creek 1,200 1,000
 Slate Creek 875 400
 Other small creeks 5,000 3,000
 Jacob Canal 480 500

68,700 (± 6,900) 56,500

Irrigated fields
 Flood irrigated 4,400 700
 Sprinkler irrigated 400 700

4,800 (± 500) 1,400

Domestic watering (lawns and gardens) 3,100 (± 300) 4,200

Precipitation in primary recharge area 3,200 (± 1,300) —

Subsurface inflow from the mountain block 66,000 (± 20,000) 56,000

Subsurface inflow from Cedar Valley 7,500 (± 2,500) —

 Total (rounded)
 

153,000 (± 31,500) —
(122,000 – 185,000)
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Table 7. Mean annual flow for trans-basin transfers and major diversions within the Provo River Basin, Utah County, Utah, 1975–2004.
[Calculated as acre-feet per year from measured discharge. Olmsted Diversion structure first put into operation in 1988, average applies to 1989–2004 data. 
Abbreviations: e, estimate; —, no data]

Calendar 
year

Trans-basin transfers into the Provo River Major diversions out of the Provo River 
above northern Utah Valley Sum of major

diversions out of the 
Provo River above 

northern Utah ValleyDuchesne Tunnel Weber-Provo Diversion Salt Lake
Aqueduct

Olmsted Diversion/
Alpine and Jordan 

Aqueducts

Murdock Diversion/ 
Provo Reservoir Canal

1975 17,200 58,700 17,100 — 100,500 117,600
1976 16,300 36,900 31,400 — 86,700 118,100
1977 5,700 7,900 19,200 — 29,100 48,300
1978 20,700 29,000 23,700 — 92,200 115,900
1979 32,800 30,100 46,700 — 77,200 123,900
1980 15,400 22,800 43,500 — 94,500 138,000
1981 18,000 28,200 43,700 — 75,500 119,200
1982 13,000 22,700 28,400 — 96,900 125,300
1983 1,000 13,200 30,900 — 74,300 105,200
1984 0 15,800 34,600 — 87,800 122,400
1985 2,800 11,800 36,900 — 102,400 139,300
1986 8,500 19,200 31,900 — 97,300 129,200
1987 31,300 18,700 50,500 — 70,400 120,900
1988 25,800 11,900 52,600 — 37,700 90,300
1989 24,900 17,900 38,900 47,000 47,600 133,500
1990 800 300 39,600 73,400 e 42,000 155,000
1991 21,800 19,000 38,600 61,200 35,600 135,400
1992 1,900 12,900 41,000 67,400 2,100 110,500
1993 37,500 68,100 41,700 50,100 72,300 164,100
1994 22,900 38,600 43,100 64,600 46,600 154,300
1995 39,400 47,900 53,100 48,200 63,600 164,900
1996 31,600 50,400 54,400 58,100 81,800 194,300
1997 40,900 13,900 38,700 58,600 92,000 189,300
1998 33,200 31,200 48,200 63,200 67,700 179,100
1999 32,200 41,700 50,800 68,000 77,300 196,100
2000 30,200 37,800 29,200 80,500 33,000 142,700
2001 28,200 32,000 49,700 79,500 17,500 146,700
2002 21,800 36,000 51,700 69,800 13,500 135,000
2003 29,600 37,300 49,300 62,000 24,800 136,100
2004 27,500 23,000 38,100 72,900 8,700 119,700

 Average 
(rounded)

21,100 27,800 39,900 64,000 61,600 135,700

tion within northern Utah Valley and Salt Lake Valley (table 
7). The remaining 200,000 acre-ft/yr (table 6) in the Provo 
River enters northern Utah Valley where it is used for irriga-
tion supply through a network of irrigation canals diverted at 
the canyon mouth, as instream flows within the Provo River 
leading to Utah Lake, and as ground-water recharge to the 
basin-fill aquifers.

Annual streamflow for the Provo River above the valley 
irrigation diversions (table 6) was calculated using flow data 
from USGS streamflow-gaging station 10159500 (Provo River 
below Deer Creek Reservoir) plus estimated inflow from four 
minor drainage basins between Deer Creek Reservoir and 
the mouth of the canyon including Provo-Deer Creek, North 
Fork Provo Creek, South Fork Provo Creek, and Pole Can-
yon Creek. Historical USGS streamflow data were used to 

estimate annual streamflow to be 10,000, 15,000, and 25,000 
acre-ft/yr for Provo-Deer Creek, North Fork Provo Creek, and 
South Fork Provo Creek, respectively. Historical data were not 
available for Pole Canyon Creek; therefore, an annual stream-
flow estimate was established by correlating the basin area 
and annual precipitation relative to the basin area and annual 
precipitation of the gaged American Fork River Basin (table 
9). Basin area was calculated by using the basin hydrologic 
unit code (HUC) (Seaber and others, 1987) area above the 
basin-fill/mountain-block boundary (approximated at the 
canyon mouth). Annual precipitation was calculated by using 
PRISM precipitation data within each HUC. Average annual 
streamflow for Pole Canyon Creek was estimated to be 10,000 
acre-ft/yr with the equation:
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 Q
drainage

 = cf1
size

 x cf2
prec

 x
 
Q

AF
 (1)

where
 Q

drainage 
is the discharge of ungaged stream, in acre-ft/

yr,
 cf1

size
 is the ratio of the ungaged stream basin area 

to the American Fork Basin area,
 cf2

prec
 is the ratio of annual precipitation in the 

ungaged stream basin to the annual 
precipitation in the American Fork Basin, 

and
 Q

AF 
is gaged discharge of the American Fork 

River, in acre-ft/yr.

The 22-mi long Provo Reservoir Canal diverts water from 
the Provo River above the mouth of the canyon and transports 
it north through northern Utah Valley to the Jordan Narrows 
for use as irrigation and municipal supply in both northern 
Utah and Salt Lake Valleys. Annual losses resulting from 
seepage were estimated to be 5,900 acre-ft (table 8) based on 
an average (1975 to 2004) annual flow of 61,000 acre-ft and 

Table 8. Average annual flow and seepage loss for streams and major canals in northern Utah Valley, Utah, 1975–2004.
[Bold values indicate sum. Abbreviations: acre-ft/yr, acre-feet per year; e, estimated; —, no data or not applicable]

Surface-water system
1975 to 2004 Average 
annual streamflow

(acre-ft/yr)

Irrigated land 
in primary 

recharge area
(acres)

Seepage loss of total 
annual flow

(percent)

Canal crossing
primary recharge

area
(percent)

Seepage to principal 
aquifer 

(rounded)
(acre-ft/yr)

Provo River Basin
 Provo River 166,300 — — — 30,000
  Timpanogos Canal 3,100 — 30 100 900
  Upper East Union Canal 3,800 — 30 50 600
  West Union Canal 5,500 — 30 60 1,000
  Provo-bench Canal 1,700 — 30 100 500
  North Union Canal 19,300 — 30 10 600

Provo Reservoir Canal 61,000 — 12 80 5,900

199,700 5,500 — — 33,600
American Fork River Basin
 American Fork River e 18,100 — 35 to 100 — 9,400
  American Fork River canals e 25,000 — 20 80 4,000

43,100 111,700 — — 13,400
Dry Creek and Fort Creek basins
 Dry Creek 12,800 — 35 — 4,500
  Bull River Canal 2,500 — 35 100 900
 Fort Creek 5,900 — 35 — 2,100

21,200 — — — 7,500
Battle Creek 3,800 — 10 — 400
Grove Creek 2,700 — 10 — 300
Rock Creek 6,000 — 20 — 1,200
Slate Creek 3,500 — 25 — 900
Other small intermittent creeks 10,000 — 50 — 5,000

West of Jordan River
 Jacob Canal e 3,200 1,000 20 75 500
 Utah Lake Distribution Canal 13,000 4,000 20 0 0

16,200 5,000 — — 500

 Total (rounded) 68,700

1Includes irrigated land for both Dry Creek and Fort Creek basins.

an average seepage loss rate of 12 percent as calculated by 
Clark and Appel (1985, table 6) for flows measured during 
1972–79. Seepage was decreased by 80 percent to account 
for the percentage of the mostly unlined canal crossing the 
primary recharge area. 

Two other major canals/pipelines, the Salt Lake Aque-
duct and the Jordan Aqueduct, divert water from the Provo 
River above the canyon mouth, traverse the valley along the 
mountain front, and distribute water to northern Utah Val-
ley and Salt Lake Valley for municipal and agricultural uses. 
The Salt Lake Aqueduct and the Jordan Aqueduct are lined 
or piped throughout the study area and seepage is considered 
negligible.

Five canals branching from the Provo River below the 
canyon mouth (fig. 2) contributed 3,600 acre-ft/yr as seepage 
to the principal basin-fill aquifer (table 8) within the primary 
recharge area. Seepage loss from canals was estimated to aver-
age 30 percent of the average (1975–2004) annual canal flow, 
based on seepage estimates of 25 to 35 percent reported by 
Clark and Appel (1985, table 7). The calculated seepage loss is 
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Table 9. Ratio of drainage-basin area and annual precipitation in 
ungaged basins relative to the gaged American Fork River basin, 
northern Utah Valley, Utah.

Ungaged drainage basin Basin area
Annual 

precipitation

Battle Creek and Grove Creek 
(combined)

0.182 0.833

Rock Creek .162 .856
Slate Creek .100 .800
Pole Canyon Creek .323 .728

reduced to represent the percentage of the total length of each 
canal crossing the primary recharge area.

American Fork River
Average annual recharge (1975–2004), as seepage losses 

from the American Fork River and its associated canals, was 
estimated to be 13,400 acre-ft (tables 5 and 8). Seepage loss 
through the American Fork River streambed was calculated 
to average 9,400 acre-ft/yr (table 8) with a minimum value of 
4,100 acre-ft in 1977 and a maximum value of 19,400 acre-ft 
during 1983 based on findings from seepage studies done in 
1981–82 (Clark and Appel, 1985, p. 22). These studies deter-
mined that losses from the American Fork River across the 
primary recharge area ranged from 100 percent of the stream-
flow when flow was less than 20 ft3/s to losses of 35 percent 
when streamflow exceeded 200 ft3/s. Streamflow losses were 
interpolated linearly from 100 percent loss to 35 percent loss 
for streamflow between 20 and 200 ft3/s, respectively. Stream-
flow records for the unregulated section of the American Fork 
River above the upper power plant, in American Fork Can-
yon (USGS streamflow-gaging station 10164500) have been 
reported from 1927 to 2004. The American Fork River drain-
age basin is the second largest in the study area (51.1 mi2) and 
includes drainage from the highest altitudes within the study 
area. Average annual streamflow (1975–2004) for the Ameri-
can Fork River is 43,100 acre-ft/yr (table 8). Average monthly 
streamflow for the American Fork River is greatest during the 
period of snowmelt runoff with a 30-year average of about 60 
ft3/s (fig. 17).

Daily streamflow in the American Fork River at USGS 
streamflow-gaging station 10164500 was used to estimate 
streamflow below irrigation canal diversions at the mouth of 
the canyon. Seepage to the basin-fill deposits from streamflow 
in the American Fork River channel was adjusted to account 
for canal diversions assuming that all streamflow less than 200 
ft3/s is diverted into canals during the irrigation season from 
April 15 to October 15. Streamflow exceeding 200 ft3/s during 
the irrigation season and all streamflow during the remainder 
of the year is assumed to be available as seepage within the 
natural stream channel.

Annual seepage loss from canals originating along the 
American Fork River was calculated to average 4,000 acre-ft, 
with a minimum of 1,600 acre-ft in 1977 and a maximum of 
7,700 acre-ft in 1983. Canal flow was calculated using the 

same assumptions for the stream, as listed above. A seepage 
loss rate of 20 percent (Clark and Appel, 1985, p. 22) was 
used for about 9.5 mi of mostly unlined canals traversing the 
primary recharge area.

For this study, the American Fork River is assumed to be 
representative of streams in other basins within the study area; 
therefore, its long-term streamflow record was correlated to 
streamflow in basins having a shorter period of record or no 
streamflow record. Fort Creek, Dry Creek, and West Canyon 
Creek have at least some period of streamflow record, 8 years 
(1948–55), 8 years (1948–55), and 30 years (1965–75 and 
1986–2004), respectively. A linear correlation was established 
for each of these streams to annual gaged streamflow in the 
American Fork River based on respective periods of stream-
flow record (fig. 18), and streamflow was estimated by using 
the regression equations shown in figure 18. 

Dry Creek
Average annual recharge for 1975–2004 to the principal 

basin-fill aquifer from seepage losses in Dry Creek and the 
Bull River Canal was estimated to be 5,400 acre-ft (tables 5 
and 8), with a minimum of about 1,700 acre-ft in 1977 and 
a maximum of about 10,000 acre-ft in 1983. Seepage was 
calculated by using a seepage rate of 35 percent of the esti-
mated annual streamflow in Dry Creek based on seepage loss 
percentages for the adjacent American Fork River.

Fort Creek
Average annual recharge from Fort Creek is estimated to 

be 2,100 acre-ft (table 8) based on a seepage loss of 35-per-
cent of the 1975–2004 average annual estimated flow of 5,900 
acre-ft (table 6). Clark and Appel (1985) estimated seep-
age loss to be 20 and 50 percent during peak and base flow, 
respectively. This study estimated streamflow on an annual 
basis and could not apply a variable seepage rate; therefore, 
35 percent was used as an average. Clark and Appel (1985, p. 
26) note that about two-thirds of the seepage losses were in the 
natural channel and the remainder occurred in canals.

Other Small Streams, Minor Drainage Basins, and Canals
Average annual recharge to the principal basin-fill aquifer 

occurring as seepage loss from small mountain streams (Battle 
Creek, Grove Creek, Rock Creek, and Slate Creek), minor 
intermittently flowing streams, and the Jacob Canal on the 
west side of the valley is estimated to be 8,200 acre-ft for the 
period 1975–2004 (table 8). Recharge as seepage from the 
small mountain streams generally only occurs during annual 
high flows when water remains in the natural stream channel 
and is not completely diverted into irrigation canals. Seepage 
loss from the Jacob Canal occurs during the irrigation season 
when the canal is in use. Seepage losses from the streams and 
canal were calculated by estimating annual flows for each 
stream during 1975 to 2004 (table 6) and applying seepage 
loss percentages of 10 to 50 percent of the flow, as estimated 
for each stream by Clark and Appel (1985, p. 29).
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Grove Creek, Battle Creek, Rock Creek, and Slate Creek 
do not have streamflow records. Annual streamflow estimates 
for these streams were estimated by using ratios of basin area 
and annual precipitation to the basin area and annual precipita-
tion of the American Fork River basin (table 9) and equation 1. 
Total streamflow for Grove and Battle Creeks was distributed 
between the two creeks so that Grove Creek was 70 percent 
of the flow in Battle Creek, as established by Clark and Appel 
(1985, p. 16) from measurements made during 1968–70. Seep-
age loss from Grove Creek and Battle Creek was estimated by 
Clark and Appel (1985, p. 29) to be 10 percent of the annual 
streamflow, resulting in seepage to the principal basin-fill 
aquifer of 400 and 300 acre-ft/yr, respectively. Rock Creek 
loses an estimated 20 percent (1,200 acre-ft) (Clark and Appel, 
1985, p. 29) of its annual flow of 6,000 acre-ft through both 
the natural channel and small irrigation ditches. Slate Creek 
loses an estimated 25 percent (900 acre-ft) (Clark and Appel, 
1985, p. 29) of its estimated annual flow of 3,500 acre-ft.

Intermittent and ephemeral streamflow within small 
drainage basins along the mountain fronts throughout the 
study area were estimated by Clark and Appel (1985, p. 16) 
to be about 10,000 acre-ft/yr. The estimate is based on the 
relation between area of the drainage basin, mean annual 
precipitation, and long-term streamflow records for 12 streams 
along the Wasatch Front from Ogden to Provo. Seepage from 
intermittent and ephemeral streams was estimated to be 50 
percent (Clark and Appel, 1985, p. 29), or about 5,000 acre-ft 
of the estimated annual streamflow. This estimate includes 
tributary inflow to the American Fork River downstream from 
the gaging station that is not accounted for in the seepage esti-
mate from the American Fork River and its canals.

Recharge to the basin-fill aquifers as seepage loss from 
Jacob Canal, which distributes irrigation water to land west 
of the Jordan River, is estimated to be 500 acre-ft/yr. Flow 
records for the Jacob Canal were not available; therefore, 
flows were estimated to be about 25 percent of flow in the 
south arm of the Utah Lake Distribution Canal that also deliv-
ers irrigation water to land west of the Jordan River but not 
within the primary recharge area. The Utah Lake Distribution 
Canal has a water right of 15,500 acre-ft/yr but rarely flows 
at capacity (Scott Holbrook, Utah Lake Distribution Canal 
Co., oral commun., 2006), therefore the value is considered a 
maximum. Assuming an average consumptive use of 2.1 ft/yr 
for irrigated crops and a 20-percent loss as a result of seepage 
and evaporation, the minimum flow required to sustain crops 
supplied by the Utah Lake Distribution Canal is estimated to 
be 10,600 acre-ft/yr. The average of these two values, 13,000 
acre-ft/yr, is reported here. The area of irrigated land serviced 
by the Jacob Canal is 1,000 acres or 25 percent of the land 
serviced by the south arm of the Utah Lake Distribution Canal. 
By using the same assumptions as for the Utah Lake Distribu-
tion Canal and a 25-percent reduction in serviceable land, the 
annual flow in Jacob Canal is estimated to be 3,200 acre-ft. 
If an average seepage loss of 20 percent for unlined canals 
is assumed, Jacob Canal could lose 640 acre-ft/yr. About 75 
percent of Jacob Canal is located in the primary recharge area; 

therefore, 500 acre-ft/yr would recharge the principal basin-fill 
aquifer.

Direct Infiltration of Precipitation on Basin-Fill 
Sediments 

Recharge to the principal basin-fill aquifer in the primary 
recharge area (fig. 2) as direct infiltration of precipitation is 
estimated to average 3,200 acre-ft/yr for 1975–2004 (table 5). 
By using 1971–2000 PRISM precipitation data, the average 
annual rainfall volume was calculated to be 45,000 acre-ft. 
Two methods, including Anderson and others (1992) and 
Brooks and Stolp (1995), were used to evaluate the fraction of 
precipitation that recharges the principal aquifer. 

Brooks and Stolp (1995, p. 19) estimated that recharge 
as direct infiltration to the basin-fill aquifers in southern Utah 
Valley ranges from 5 to 10 percent of direct precipitation over 
the valley. The percentage depends on multiple factors, includ-
ing distance to the mountain front, irrigated or nonirrigated 
land use, and consumptive use of precipitation and applied 
water in irrigated areas. Recharge in irrigated areas of northern 
Utah Valley was estimated to be 7 percent of the total applied 
water and precipitation combined. Land use over the primary 
recharge area in northern Utah Valley is predominantly devel-
oped as irrigated agriculture or for commercial and residential 
purposes with the exception of a small band east of the Lake 
Mountains that is classified as having nonirrigated crops. 
Applying 7 percent as the fraction of precipitation recharging 
the principal aquifer in northern Utah Valley annually results 
in an estimated recharge of 3,200 acre-ft (table 5). 

The regression equation of Anderson and others (1992) 
compares estimated recharge from the Maxey-Eakin model 
(Maxey and Eakin, 1950) to average annual precipitation con-
tours from PRISM data for basins throughout the Great Basin 
where precipitation rates exceed 8 in/yr. The method calcu-
lates a higher percentage of recharge where precipitation rates 
are higher. The equation developed is as follows: 

 Q
infiltration

 = 10 (-1.4 + 0.98 x LOG(Qprecipitation)) (2)

where
 Q

infiltration 
is the rate of infiltration of precipitation, in 

acre-ft/yr,
and
 Q

precipitation 
is the volume of precipitation, in acre-ft/yr.

Using the above equation and an average annual precipi-
tation volume over the primary recharge area, recharge from 
direct precipitation in the primary recharge area was calculated 
to be 1,400 acre-ft/yr and is considered a minimum value for 
northern Utah Valley because the method was developed for 
a regional area in Utah and Nevada. Clark and Appel (1985, 
p. 31) calculated recharge to be 5,000 acre-ft/yr based on an 
average recharge rate of 20 percent of the 1963–81 average 
annual precipitation over the primary recharge area. 
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Seepage of Irrigation Water
Recharge to the principal aquifer from seepage of 

unconsumed irrigation water in the primary recharge area for 
2003–04 is estimated to be 1,400 acre-ft/yr for both flood irri-
gation (700 acre-ft/yr) and sprinkler irrigation (700 acre-ft/yr). 
An average value of 4,800 acre-ft/yr is estimated for seepage 
from irrigated fields during 1975–2004 (table 5). Clark and 
Appel (1985, p. 29) reported recharge to the principal aquifer 
from seepage of irrigation water for 5,000 acres in the primary 
recharge area to be 8,000 acre-ft/yr, as compared to the 1,400 
acre-ft/yr reported here. The lower estimate reported in this 
study is attributed to a decrease in irrigated lands caused by 
urbanization and a change from flood irrigation to more effi-
cient sprinkler irrigation practices. Sources of irrigation water 
are primarily surface-water diversions from the major streams 
with a supplemental supply from irrigation wells. Seepage of 
unconsumed irrigation water is dependent upon many fac-
tors including the amount of irrigation water applied to crops, 
the type of irrigation method (flood, line sprinkler, or center 
pivot), the consumptive use of crops, and soil permeability. In 
2002, about 1,850 acres within the primary recharge area of 
northern Utah Valley were classified as flood-irrigated crops 
(550 acres) and sprinkler-irrigated crops (1,300 acres) (Utah 
Department of Natural Resources, 2004). These were the most 
recent land-use and irrigation data available and are assumed 
to be representative of the study period, 2003–04. The pre-
dominant irrigated crops in the primary recharge area include 
alfalfa, grains, irrigated pasture, and corn, which account for 
about 90 percent of all the crops grown. Consumptive uses 
for these crops generally range from 2 to 2.5 ft/yr (Huber and 
others, 1982). 

Soils are generally very permeable throughout the 
primary recharge area, and seepage of unconsumed irrigation 
water is estimated to be about 33 percent of the applied water, 
as reported in Clark and Appel (1985, p. 29). This estimate 
is based on studies completed by the Bureau of Reclama-
tion (1968 and 1969) in southern Utah Valley in an area with 
similar physical characteristics and irrigation practices. For 
flood-irrigated fields, it is assumed that about 4 ft/yr is applied 
to crops to satisfy crop consumptive use, losses to evaporation 
and runoff, and to allow for seepage. Using these assumptions 
along with 2002 land-use data it was calculated that about 700 
acre-ft/yr of unconsumed irrigation water would be available 
as recharge to the principal aquifer in 2003–04.

Sprinkler irrigation has replaced flood irrigation in 
much of northern Utah Valley, where about 70 percent of the 
irrigated crops in the primary recharge area are irrigated with 
either line or center-pivot sprinkler methods. Seepage from 
line-sprinkler irrigation was calculated to be about 500 acre-ft/
yr for about 600 acres of crops mapped in 2002 in the primary 
recharge area. Seepage was estimated to be 30 percent of the 
applied irrigation water (Feltis, 1967, p. 17). The amount of 
irrigation water applied to the line-sprinkler irrigated fields is 
assumed to be about 3 ft/yr to satisfy both the consumptive-
use rate for the crops of 2.2 ft/yr and seepage losses. Seepage 

from center-pivot irrigation systems was calculated to be about 
200 acre-ft/yr for about 700 acres of crops mapped in 2002 in 
the primary recharge area (predominantly east of the Jordan 
River). An average seepage loss of about 11 percent of the 
total applied irrigation water is assumed based on a study by 
Susong (1995, p. 27) in the Milford area in southwestern Utah. 
Total recharge from sprinkler irrigation to the basin-fill aquifer 
over the primary recharge area, therefore, is estimated to be 
about 700 acre-ft/yr. 

Seepage from Domestic Lawn and Garden 
Watering

The average annual recharge to the principal basin-fill 
aquifer in the primary recharge area from seepage of domestic 
lawn and garden watering in 1975–2004 is calculated to be 
3,100 acre-ft on the basis of estimates made from 1980 and 
2002 land-use data (table 5). An area of about 11,200 acres 
in the primary recharge area was classified as commercial 
and residential land use in 2002 (Utah Department of Natural 
Resources, 2004). Analysis of aerial photography indicates 
that about 30 percent of land classified as commercial and 
residential land use in the primary recharge area consists of 
an irrigated area such as lawns and gardens. Jordan Valley 
Water Conservancy District (2005) estimates that the average 
homeowner in nearby southern Salt Lake Valley applies 50 
in. (4.2 ft) of water per year to residential lawns and gardens. 
Seepage from domestic lawn and garden watering is assumed 
to be 30 percent of the amount applied, as was used by Clark 
and Appel (1985, p. 31), resulting in about 4,200 acre-ft/yr 
of seepage for 2003–04 when calculated from 2002 land-use 
data.

Commercial and residential land use and the associated 
seepage from domestic lawn and garden watering in 2002 
have increased by about 110 percent when compared to 1980 
estimates. The increase in commercial and residential land use 
corresponds to a decrease in irrigated agricultural land and an 
associated decrease in seepage from unconsumed irrigation 
water. Estimated annual seepage from unconsumed irriga-
tion water over the primary recharge area from 1980 to 2002 
decreased by about 6,600 acre-ft (8,000 to 1,400 acre-ft), 
whereas seepage from domestic lawn and garden watering 
increased by about 2,200 acre-ft (2,000 to 4,200 acre-ft) over 
the same time period and area. This results in a net loss of 
recharge to the basin-fill aquifer of about 4,400 acre-ft/yr 
between 1980 and 2002 as a result of urbanization. 

Subsurface Inflow
Subsurface inflow of water to the basin-fill deposits and 

principal aquifer in northern Utah Valley occurs from two pri-
mary sources including inflow from the surrounding mountain 
blocks and as interbasin flow from Cedar Valley, located west 
of northern Utah Valley. Subsurface inflow from both sources 
was estimated to average 73,500 (+/- 22,500) acre-ft/yr for 
1975–2004, with 66,000 acre-ft/yr coming from the mountain 
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blocks and 7,500 acre-ft/yr occurring as inflow from Cedar 
Valley.

Mountain-Block Inflow
Mountain-block subsurface inflow (MBI), to the prin-

cipal basin-fill aquifer is estimated to average (1975–2004) 
about 66,000 acre-ft/yr in northern Utah Valley (table 5). Two 
methods were evaluated to estimate the net infiltration from 
precipitation in the mountains: a hydrologic budget of the 
mountain-block areas and a geographic information system 
(GIS)-based net-infiltration model, referred to as the Basin 
Characterization Model (BCM) (Flint and others, 2004). A 
portion of this net infiltration is returned to mountain streams 
and rivers, becoming stream base flow, and the remainder (net 
infiltration minus the base flow) is assumed to enter the prin-
cipal basin-fill aquifer as subsurface inflow from the mountain 
block.

The hydrologic budget method was used to determine 
how much water, originating as precipitation, would be avail-
able as recharge within the mountain block (net infiltration) 
(table 10). The hydrologic budget is as follows: 

 Q
net_infil

 = Q
precip

 – Q
et
 –

 
Q

runoff
  (3)

 where
 Q

net_infil 
is net infiltration, in acre-ft/yr,

 Q
precip 

is estimated annual average precipitation, in 
acre-ft/yr,

 Q
et
 is calculated annual evapotranspiration 

(consumptive use), in acre-ft/yr, 
and
 Q

runoff
 is calculated annual average surface-water 

runoff, in acre-ft/yr.

Average annual precipitation throughout the mountain 
block was calculated to be 280,000 acre-ft (table 10) based 
on 1971–2000 PRISM precipitation data. Evapotranspiration 
or consumptive-use estimates within the mountain block for 
individual HUCs were derived using 2002 land-use land cover 
data (Utah Department of Natural Resources, 2004) in associa-
tion with estimates of plant consumptive use as summarized 
by Brooks and others (2003, table 1) (table 11). Surface-water 
runoff was estimated by subtracting the estimated average 
annual stream base-flow contribution from the 1975–2004 
average annual streamflow for each HUC within the mountain 
block. Base flow for streams with at least 4 years of record 
for streamflow was calculated by using mean monthly flows 
during the winter months of December, January, and February. 
The average flow during the winter months was extrapolated 
throughout the year, yielding an estimate for average annual 
base flow within each basin. For streams with no streamflow 
record, base flow was assumed to equal 25 percent of the total 
annual streamflow. This estimate is based on the ratio of base 
flow to total streamflow for gaged streams. Total average base 
flow for streams within the northern Utah Valley mountain 
block is estimated to be 25,000 acre-ft/yr (table 10). Average 

annual net infiltration to the mountain block, as calculated 
from equation 3, was estimated to be 92,000 acre-ft (table 10). 
Subtracting the base-flow component (25,000 acre-ft) from the 
net infiltration results in an estimated average of about 66,000 
acre-ft/yr of subsurface inflow from the mountain block to 
the principal basin-fill aquifer, or about 24 percent of the total 
precipitation occurring over the mountain block.

The GIS-based net-infiltration BCM incorporates spatial 
estimates of precipitation (PRISM), temperature, potential 
evapotranspiration, bedrock geology, soil type and thickness, 
and vegetation type (Flint and others, 2004). The method also 
accounts for soil-moisture requirements and subsequent loss 
of soil moisture through evapotranspiration. After adjustments 
were made to the initial BCM, the average amount of net infil-
tration of precipitation within the mountain block calculated 
by this method was 68,500 acre-ft/yr (table 12). Removing 
base flow to streams (25,200 acre-ft/yr) from the estimate of 
net infiltration results in an average of 43,200 acre-ft/yr from 
mountain-block subsurface inflow. 

An initial value for net infiltration in the Middle and 
Upper American Fork River Canyon HUCs that was deter-
mined from the model, 15,400 acre-ft/yr (table 12), accounted 
for only 13 percent of the total precipitation occurring within 
these HUCs. This value is low when compared to neighbor-
ing basins to the south with similar physical characteristics 
(precipitation, elevation, and geology) where 24 to 29 percent 
of precipitation becomes net infiltration. In addition, a net 
infiltration value of 37,100 acre-ft/yr, about 31 percent of 
precipitation, was calculated by using equation 3 to determine 
the hydrologic budget for Middle and Upper American Fork 
Canyon. The BCM net-infiltration value is believed to be 
low because the distribution of precipitation as recharge and 
runoff from the model is based partly on bedrock geology. The 
model can incorrectly distribute net infiltration in areas where 
extreme low and high values of bedrock permeability occur 
within a close proximity (Alan Flint, U.S. Geological Survey, 
oral commun., 2006). This condition exists in the Middle and 
Upper American Fork Canyon HUCs where less-permeable 
granodiorite underlies part of the upper drainage basin and 
permeable, fractured, porous limestone dominates the major-
ity of the drainage basin. Because of the extreme contrast 
in bedrock permeability, modeled net infiltration is likely 
underestimated in these areas. On the basis of the BCM results 
for adjacent areas with similar fractured limestone geol-
ogy and elevation, as well as from the simplified hydrologic 
budget analysis, net infiltration (as applied by the BCM) was 
increased for the middle and upper American Fork Canyon 
HUCs to equal 29 percent of precipitation (35,000 acre-ft/yr) 
within those HUCs. 

Only 12 percent of the precipitation on the Headwaters 
Dry Creek HUC becomes net infiltration to the mountain 
block, based on the BCM. This amount was not enough to 
satisfy the base flow estimated to be discharged in the basin, 
resulting in a deficit of 1,900 acre-ft/yr. Subsurface inflow 
within the Headwaters Dry Creek HUC was adjusted to zero to 
partially meet the base-flow requirement. The parameter in the 
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Table 11. Consumptive-use estimates for vegetation and land cover throughout the mountain block of the northern Utah Valley study 
area, Utah, 2002.

[Developed land: Estimated use 0.1 foot per year. Barren land: Estimated use 1.4 feet per year (Tomlinson, 1996a, table 5). Deciduous forest: Estimated use 
1.2 feet per year (American Society of Civil Engineers, 1989, p. 19); Pasture or hay: Estimated use 1.8 feet per year (Utah State University, 1994, p. 234). 
Shrub or scrub: Estimated use 0.8 foot per year (Branson and others, 1970, fig. 14). Water: Estimated use 2.9 feet per year (Utah State University, 1994, p. 
235). Woody wetland: Estimated use 2.4 feet per year (Tomlinson, 1996a, table 5). Grassland: Estimated use 1.0 foot per year (Wight and others, 1986, table 
2; and Tomlinson, 1996b, p. 63). Evergreen forest: Estimated use 1.2 feet per year (Brown and Thompson, 1965, table 3; and Kaufmann, 1984, table 2). Mixed 
forest: Estimated use 1.2 feet per year (Brown and Thompson, 1965, table 3; Kaufmann, 1984, table 2; and American Society of Civil Engineers, 1989, p. 19). 
Abbreviation: —, not applicable]

Hydrologic unit name

Consumptive use by land cover (acre-feet per year)

Developed 
land

Barren
land

Deciduous 
forest

Pasture
or hay

Shrub or 
scrub Water Woody

wetland Grassland Evergreen 
forest

Mixed
forest

Total
(rounded)

Enoch Canyon  —  16  21  116  4,289  —  23  1,523  4,803  —  10,800 

West Canyon Wash-Tickville Gulch  10  –  –  225  866  —  —  112  779  —  2,000 

Outlet Dry Creek-Jordan River  8  2  315  967  3,059  —  99  1,196  129  —  5,800 

Headwaters Dry Creek Canyon  3  1,629  8,808  66  2,914  5  42  419  4,803  82  18,800 

Upper American Fork Canyon  0  711  11,745  —  1,742  112  22  230  7,241  334  22,100 

Middle American Fork Canyon  26  1,502  7,578  —  1,944  28  27  221  10,468  255  22,000 

Lower American Fork Canyon  1  302  7,400  13  2,760  —  19  42  2,213  19  12,800 

Dry Canyon  1  151  1,731  10  574  —  3  30  199  2  2,700 

Pole Canyon-Provo River  25  758  6,511  28  3,002  30  77  63  3,463  34  14,000 

Rock Canyon-Provo River  11  581  4,145  2  777  —  29  58  3,194  44  8,800 

Big Dry Creek  3  122  3,173  2  667  —  37  3  3,125  54  7,200 

Table 12. Net infiltration to the mountain block and mountain-block subsurface inflow to the basin-fill aquifer in the northern Utah 
Valley study area, Utah, 1971–2000.
[All values are in acre-feet per year. Abbreviation: BCM, Basin Characterization Model]

Hydrologic unit name Precipitation

Net infiltration (includes base flow)

Base 
flow

Mountain-block inflow

Mountain-
block

hydrologic 
budget

BCM
Mountain-

block
hydrologic 

budget

Adjusted
BCM minus 
base flow

Northern Utah 
Valley model 

output
(Clark and  

Appel, 1985)
Initial Adjusted

Enoch Canyon 14,300 4,733 1,100 1,100 0 4,733 1,100 7,500
West Canyon Wash-Tickville Gulch 2,000 228 100 100 0 228 100 700

Outlet Dry Creek-Jordan River 7,700 2,562 200 200 0 2,562 200 0

Headwaters Dry Creek 41,200 9,446 5,100 7,100 1 7,000 2,446 0 15,900

Upper American Fork Canyon
Middle American Fork Canyon

119,200 42,146 15,400 35,000 10,500 31,646 24,500 29,000

Lower American Fork Canyon
Dry Canyon

32,600 13,070 9,200 9,200 1,900 11,170 7,300 21,700

Pole Canyon-Provo River 29,200 7,898 8,500 8,500 3,000 4,898 5,500 1,500

Rock Canyon-Provo River 19,600 6,505 4,700 4,700 1,800 4,705 2,900 22,900

Big Dry Creek 14,400 5,022 2,600 2,600 1,000 4,022 1,600 13,200

 Total (rounded) 280,200 91,600 46,900 68,500 25,200 66,000 43,200 112,000
 Percent of precipitation that becomes mountain-block inflow 24 15 40

1Base flow in the Dry Creek basin is greater than the calculated net infiltration.
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BCM that likely limits the amount of precipitation that infil-
trates into this part of the mountain block is the bedrock geol-
ogy. Little hydrologic information is available for the grano-
diorite that crops out in this drainage basin, but it is assumed 
that it is not permeable. The BCM was not adjusted to account 
for the possibility of more precipitation infiltrating the moun-
tain block in this area through fractures and (or) faults.

The BCM calculates infiltration of precipitation based 
partly on potential evapotranspiration, which is the amount of 
evapotranspiration that would occur if plants and soils had an 
unlimited supply of water. Because precipitation is often a lim-
iting factor, actual evapotranspiration may be less than poten-
tial evapotranspiration. Thus, the 43,200 acre-ft/yr of subsur-
face inflow calculated from the adjusted BCM is considered 
the minimum value for mountain-block subsurface inflow. The 
values for precipitation and streamflow used in the hydro-
logic budget analysis (equation 3) are reasonably well known. 
Although uncertainty is associated with the consumptive-use 
component in the hydrologic budget analysis, the mountain-
block subsurface inflow estimate calculated (66,000 acre-ft/yr) 
is also much lower than previous estimates. Clark and Appel 
(1985, p. 31) calculated mountain-block subsurface inflow to 
be 112,000 acre-ft/yr across transect lines that approximate 
the bedrock/basin-fill contact by using a variation of the Darcy 
equation. The much lower estimated mountain-block subsur-
face inflow for this study, as compared to previous studies 
(less than half), is a result of different calculation methods that 
incorporate data that were unavailable during previous studies. 
The updated estimates will be tested in an updated numerical 
ground-water flow model.

Net infiltration is highly dependent on the amount of 
precipitation that falls at a particular location. The highest 
rates of net infiltration (as computed from the BCM) occur at 
high altitude (fig. 19), corresponding with the highest rates 
of precipitation. Ground water from net infiltration in the 
mountain-block aquifer follows flowpaths downgradient and 
may become subsurface inflow where it flows into the basin-
fill deposits. Flowpaths may be complicated and deviate from 
expected patterns as a result of preferential pathways created 
by faults, fractures, and caverns. Mountain-block inflow that 
originated in the middle and upper American Fork Canyon 
HUCs may therefore be distributed across the mountain front 
near American Fork Canyon as it enters the basin-fill deposits 
(fig. 19), rather than being focused at the mouth of the canyon 
as would be expected if mountain-block inflow were to follow 
surface-water divides. Net infiltration and subsurface inflow 
occurring within the Provo River Basin was only included 
for the mountain surface-water basins completely within the 
study area. It was assumed that net infiltration occurring in the 
Provo River basin outside of the study area boundary does not 
become mountain-block subsurface inflow to northern Utah 
Valley.

Cedar Valley Inflow
Subsurface inflow from Cedar Valley at the northern 

end of the Lake Mountains to the principal basin-fill aquifer 
in northern Utah Valley is estimated to range from 5,000 to 
10,000 acre-ft/yr, with an average flow of 7,500 acre-ft/yr. 
Feltis (1967, p. 18) estimated subsurface flow out of Cedar 
Valley to be from 10,000 to 20,000 acre-ft/yr, with out-
flow occurring at both the north and south ends of the Lake 
Mountains. Only flow exiting Cedar Valley north of the Lake 
Mountains enters directly into northern Utah Valley and is 
accounted for in this report. The sediments in the northern 
part of Cedar Valley are coarser-grained than sediments in 
the southern part and have a higher transmissivity, allowing 
for more flow at the north end of Cedar Valley. Ground-water 
flow into northern Utah Valley from Cedar Valley occurs 
in both the unconsolidated basin-fill deposits and fractured 
bedrock (fig. 9). Water levels in the basin-fill deposits at the 
north end of the Lake Mountains were generally at an altitude 
of 4,765 ft in 2004 whereas water levels in the bedrock aquifer 
were at about 4,520 ft during the same period, indicating a 
downward hydraulic gradient between the two aquifers in this 
area. Ground-water flow from Cedar Valley in the fractured 
limestone bedrock may continue into northern Utah Valley 
as fracture flow or may become inflow to the WU aquifer. In 
either case it naturally discharges within the valley bottom. 

Clark and Appel (1985, table 8) calculated about 7,500 
acre-ft/yr of subsurface inflow to the basin-fill aquifer along 
the western side of the study area that corresponds to the West 
Canyon Wash-Tickville Gulch and Enoch Canyon HUCs listed 
in tables 10, 11, and 12 and shown in figure 19. This value was 
calculated by using Darcy’s equation with a head gradient of 
0.03 and a transmissivity of 500 ft2/d. Both of these estimates 
were qualified as being derived from few data points. The 
transmissivity value is representative of the geology in and 
along the Lake Mountains but may underestimate the trans-
missivity of the highly fractured area near the north end of the 
Lake Mountains. 

Discharge

Ground-water discharge from the principal basin-fill 
aquifer in northern Utah Valley during 1975–2004 was 
estimated to be 166,700 (+/- 25,900) acre-ft/yr (table 13). 
Discharge from the principal basin-fill aquifer occurs through 
a variety of outlets including wells (pumping and flowing), 
seepage to waterways, drains, ditches, and springs around 
Utah Lake, springs and diffuse seepage beneath Utah Lake, 
diffuse seepage to the Jordan River, evapotranspiration, and 
subsurface outflow to Salt Lake Valley at Jordan Narrows.

Wells
Discharge from wells within northern Utah Valley for 

2003–04 was calculated to be 58,800 acre-ft/yr. The average 
annual discharge from wells during 1975–2004 was calculated 
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to be 61,000 (+/- 10,000) acre-ft (table 13). About 52 percent 
(31,500 acre-ft) of the 1975–2004 average discharge results 
from pumping wells whereas about 80 percent (46,900 acre-ft) 
of the 2004 discharge comes from pumping wells. Pumped 
wells are used primarily for municipal, industrial, and irriga-
tion supply. The remainder of total well discharge comes from 
flowing wells, generally used for irrigation, stock watering, 
and single family domestic supply.

Pumping Wells
Discharge from pumping wells in 2004 was calculated to 

be 46,900 acre-ft (table 13). Average annual discharge from 
pumping wells including municipal, industrial, irrigation, and 
domestic wells was 31,500 acre-ft during 1975–2004 (table 
13). During the same period, the minimum and maximum 
amount pumped was about 11,200 acre-ft in 1978 and 58,100 
acre-ft in 2001, respectively (fig. 20). 

Discharge from municipal and industrial wells was 
calculated from annual pumping records reported to the Utah 
Department of Natural Resources, Division of Water Rights, 
and by local water users. Discharge from pumped irrigation 
wells is estimated annually by the USGS from flow mea-
surements and corresponding power-consumption records. 
Discharge from pumped domestic wells was estimated by 
multiplying the number of domestic wells in the recharge 
areas by an average domestic usage of 1 acre-ft/yr (Clark and 
Appel, 1985, p. 76). Domestic wells in the discharge area are 
addressed in the following “Flowing Wells” section of this 
report. 

Discharge from pumping irrigation wells varies from year 
to year depending on water demand, which is generally a fac-
tor of local environmental conditions including summertime 
temperature and annual precipitation. In general, discharge 
from pumping wells has increased since 1975 with most of the 

increase occurring from municipal and industrial wells, with a 
decline or small change in irrigation wells. 

Flowing Wells
Discharge from flowing wells, not including stock wells, 

in the principal basin-fill aquifer during 2004 was 8,300 acre-
ft (table 14). Average annual discharge from flowing wells 
was estimated to be 24,500 acre-ft in northern Utah Valley for 
1975–2004 (table 14). During the same period, the minimum 
annual discharge was 8,300 acre-ft in 2004 and the maximum 
was 39,500 acre-ft in 1984 (fig. 20). Flowing-well discharge 
was estimated by correlating measured well discharge during 
1981–82 reported by Clark and Appel (1985) and 2003–04 to 
long-term water-level records in selected wells.

Clark and Appel (1985, p. 71) conducted a detailed study 
during 1981–82 to estimate discharge from flowing irriga-
tion wells. The annual discharge from flowing wells was 
calculated to be 28,000 acre-ft on the basis of measured well 
discharge from wells with varying diameters. The total number 
of irrigation wells in the discharge area was multiplied by the 
average measured flow for each well diameter. It was assumed 
that well valves were opened to allow flow an average of 10 
weeks per year for crop irrigation. Discharge from nine wells 
measured in 2004 also was measured in 1982. Comparing 
water level and well discharge from the two measurement 
periods (fig. 21 and table 15) did not result in a uniform 
distribution in change in discharge as a function of the change 
in head. The comparison could be influenced by many factors 
between wells including varying aquifer properties of hydrau-
lic conductivity and storage, depth to open intervals, different 
contributing aquifers, and clogging of well openings over 
time. Therefore, the assumption was made that, on a valley-
wide scale, a 1:1 relation between head and discharge was a 

Table 13. Discharge components of the hydrologic budget for the principal basin-fill aquifer in northern Utah Valley, Utah, 1975–2004.
[All values in acre-feet per year. Bold values indicate total. Abbreviations: —, value not calculated due to lack of available data; ±, plus or minus]

Discharge source
1975–2004 

Average annual (estimated error)
2004

Wells
 Pumping 31,500 46,900

 Flowing 24,500 8,300

 Stock 5,000 3,600

61,000 (± 10,000) 58,800
Waterways, drains, ditches, and springs around Utah Lake 69,000 (± 6,900) 54,700

Springs and diffuse seepage beneath Utah Lake 25,500 (± 6,000) 20,400

Ground-water seepage to Jordan River 3,100 (± 700) 2,500

Evapotranspiration from ground water 5,500 (± 1,500) 4,400

Subsurface outflow to Salt Lake Valley 2,600 (± 800) —

 Total 166,700 (± 25,900) —
(141,000 – 192,000)
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Table 14. Annual well discharge from the principal basin-fill aquifer in northern Utah Valley, Utah, 1975–2004.
[All values are in acre-feet. Stock: estimate includes both flowing and pumping wells. Abbreviations: e, estimated; ±, plus or minus]

Year

Pumping wells Flowing wells
Total 

flowing-well 
discharge

Stock

Total 
well dis-
charge 

(estimated 
error)

Municipal and 
industrial

Irrigation Domestic
Total pumping-
well discharge

Irrigation Domestic

1975 17,400  1,600  500  19,500  29,000  2,000  31,000  6,000 56,500
1976 9,000  7,200  500  16,700  34,400  2,000  36,400  6,000 59,100
1977 5,800  10,000  500  16,300  25,200  2,000  27,200  6,000 49,500
1978 7,700  3,000  500  11,200  23,500  2,000  25,500  6,000 42,700
1979 19,900  5,300  600  25,800  27,800  2,000  29,800  6,000 61,600
1980 18,700  2,300  600  21,600  28,700  2,000  30,700  6,000 58,300
1981 22,200  4,800  600  27,600  32,800  3,000  35,800  5,900 69,300
1982 12,200  2,400  600  15,200  27,000  3,000  30,000  5,800 51,000
1983 11,000  1,500  600  13,100  33,900  3,000  36,900  5,700 55,700
1984 13,800  2,100  600  16,500  36,500  3,000  39,500  5,500 61,500
1985 17,700  2,500  600  20,800  35,600  3,000  38,600  5,400 64,800
1986 14,500  2,300  600  17,400  31,600  3,000  34,600  5,300 57,300
1987 24,600  3,900  600  29,100  31,100  3,000  34,100  5,200 68,400
1988 32,300  3,400  600  36,300  21,500  3,000  24,500  5,100 65,900
1989 38,900  3,100  600  42,600  17,600  3,000  20,600  5,000 68,200
1990 34,700  5,600  600  40,900  15,000  3,000  18,000  4,900 63,800
1991 30,600  3,900  600  35,100  13,000  3,000  16,000  4,800 55,900
1992 39,100  6,400  600  46,100  17,000  3,000  20,000  4,900 71,000
1993 21,100  3,200  700  25,000  10,600  3,000  13,600  4,800 43,400
1994 33,700  5,400  700  39,800  19,500  3,000  22,500  4,700 67,000
1995 20,500  2,200  700  23,400  17,400  3,100  20,500  4,600 48,500
1996 34,000  3,000  700  37,700  21,600  3,100  24,700  4,500 66,900
1997 30,200  2,400  700  33,300  16,300  3,100  19,400  4,400 57,100
1998 28,200  e 2,400  700  28,900  19,000  3,100  22,100  4,300 55,300
1999 40,200  2,500  700  43,400  21,000  3,100  24,100  4,100 71,600
2000 46,800  3,100  700  50,600  15,800  3,100  18,900  4,000 73,500
2001 55,300  2,100  700  58,100  10,700  3,100  13,800  3,900 75,800
2002 49,500  2,600  700  52,800  5,600  3,100  8,700  3,800 65,300
2003 47,100  3,400  700  51,200  6,400  3,100  9,500  3,700 64,400
2004 42,400  3,800  700  46,900  5,200  3,100  8,300  3,600 58,800

Average  27,300  3,600  600  31,500  21,700  2,800  24,500  5,000  61,000 
(± 10,000)

reasonable fit to the measured data and could be used where 
flowing-well discharge is related to valley wide hydraulic head 
as measured in representative wells.

Typical discharge conditions for flowing irrigation wells 
(fig. 22) were computed by using two wells with long-term 
(more than 30 years) annual water-level measurements. Water 
levels for these wells are listed in table 16. The northern-
most well, (D-5-1)19bcb-2, is located along the north shore 
of Utah Lake west of Lehi and completed in the DP aquifer. 
The southernmost well, (D-7-2)3dad-1, is located west of 
Provo near Provo Bay and completed in the SP aquifer. The 
wells were selected on the basis of multiple factors including 
the availability of long-term water-level data, completion in 
different and distinct aquifers, comparison with other long-
term measurements indicating similar water-level response in 
respective areas, and water levels that have not declined below 

land surface historically. The selected wells are in continued 
use and monitoring is expected to be continued into the future, 
allowing further evaluation. 

Water levels, measured annually at wells (D-5-1)19bcb-2 
and (D-7-2)3dad-1, were adjusted to represent annual changes 
in the wells relative to 1982, when Clark and Appel (1985) 
conducted their well-discharge survey. The water-level mea-
surements were adjusted by dividing the measured water level 
in each year by the 1982 water level for each respective well, 
thus resulting in a relative water level (table 16). The normal-
ized water levels for the two wells were averaged together to 
represent valley-wide discharge conditions that result from 
changes in the ground-water level in the discharge area for 
1975–2004. Relating the annual relative water levels (normal-
ized to 1982) to the estimated 1982 flowing irrigation-well 
discharge results in a water-level-dependent annual estimate 
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Table 15. Well characteristics, water level, and discharge from flowing wells in northern Utah Valley, Utah, 1982 and 2003–04.
[Well identifier: see front of report for an explanation of the well-numbering system used in Utah. Contributing aquifer: SP, shallow Pleistocene;  
DP, deep Pleistocene; e, estimated; —, unknown]

Well identifier Date measured

Well characteristics 2003–04 1982

Casing 
diameter
(inches)

Well depth
(feet)

Contributing 
aquifer(s)

Water level
Above (-) or 
below land 

surface
(feet)

Discharge
(gallons per 

minute)

Water level
Above (-) or 
below land 

surface
(feet)

Discharge
(gallons per 

minute)

(D-5-1)16caa-1 07-13-2004 3 64 SP -1.8 6 114 70

(D-5-1)16cac-1 07-13-2004 4 149 SP -4.7 26 —

(D-5-1)19dad-2 07-07-2004 4 154 DP -10 30.2 1,2 -32.3 215

(D-5-1)19dbc-1 07-07-2004 6 — — 3.12 0 — —

(D-5-1)19dbd-5 07-07-2004 4 210 SP, DP -2 18.8 1 -16.7 105

(D-5-1)20bbc-1 07-07-2004 6 141 SP, DP 4.9 0 — —

(D-5-1)25ccb-2 07-14-2004 4 156 SP, DP -25.9 80 — —

(D-5-1)25ccc-1 07-14-2004 4 138 SP -30.4 160 — —

(D-5-1)26bda-1 10-01-2003 8 200 SP, DP -13.4 200 1 -29.8 230

(D-5-1)26bda-1 07-13-2004 8 200 SP, DP — Pumping -29.8 230

(D-5-1)26cac-1 07-13-2004 4 119 SP -18.8 30 — e 40

(D-5-1)26cac-2 07-13-2004 4 120 SP -22.8 80 1,3 -38.4 250

(D-5-1)35aaa-1 07-13-2004 4 168 SP -32.6 48 1 -51 130

(D-5-1)36bad-2 07-13-2004 4 168 SP -37 120

(D-5-2)29dbd-14 07-14-2004 6 301 DP 3.2 0 1,4 -22 150

(D-5-2)30ccb-2 07-14-2004 5 235 DP -29.3 60 — —

(D-5-2)30dca-1 07-17-2004 5 149 — — 300 — —

(D-5-2)32bda-1 07-14-2004 6 184 SP -18.2 — — —

(D-5-2)32bdd-1 07-14-2004 4 177 SP -17.6 — — —

(D-6-2)33cdc-1 07-15-2004 5 149 SP -17.1 178 — —

(D-7-2)11aca-1 07-02-2004 4 148 SP 8.6 0 1 -22.9 60

(D-7-2)11caa-2 07-02-2004 3 180 SP -3.4 e 40 -25.4 —

(D-7-2)4acc-1 07-15-2004 4 161 SP — 60 1 -25.2 210

(D-7-2)4acd-3 07-15-2004 4 131 SP — Pumping -22.2 120

(D-7-2)4adc-2 07-15-2004 4 — — -11.7 80 — —

(D-7-2)4dba-1 07-02-2004 5 133 SP -11.4 148 — —
1Well discharge and water level was used to determine correlation between 1982 and 2004 discharge. 
2Discharge and water-level data from drillers’ log in 1983.
3Discharge and water-level data from drillers’ log in 1944.
4Discharge and water-level data from drillers’ log in 1976.

of irrigation flowing-well discharge (table 16). The estimated 
discharge assumes that flowing irrigation wells discharge for 
10 weeks per year during the growing season, as per Clark 
and Appel (1985) and communication with local water users. 
Wells may be used more frequently during dry years when 
surface-water sources may not be available for irrigation 
purposes, resulting in more discharge from flowing wells 
than is estimated by this method. Conversely, not all fields are 
irrigated in a single year and respective wells are not used in 
every year, resulting in less discharge from some flowing wells 
than is estimated. These confounding factors are assumed to 
result in relatively small effects and were not considered when 
creating table 16 or figure 22.

Irrigation flowing-well discharge was reduced to reflect 
the decrease in irrigated land in northern Utah Valley caused by 
urbanization for 1966–80, 1980–88, 1988–95, and 1995–2002 
when land-use data were compiled (table 3). Where land use 
has changed from irrigated agriculture to commercial and 
residential, a proportional amount of water is no longer used 
for irrigation purposes, and the average effect of decreasing the 
number of wells used for irrigation is reflected in the adjusted 
plot shown in figure 22. Alternatively, irrigation flowing-well 
discharge was adjusted (increased) annually by the number of 
new irrigation wells drilled within the discharge area. The num-
ber of large-diameter wells drilled annually during 1982–2004 
was provided by the Utah Department of Natural Resources, 
Division of Water Rights. Increased annual discharge was 
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Figure 22. Calculated flowing irrigation-well discharge adjusted to reflect the addition of new wells and removal of existing wells 
within the discharge area of northern Utah Valley, Utah, 1975–2004.

calculated by multiplying the number of new irrigation wells 
by the estimated flowing-well discharge for an average well 
diameter reported in Clark and Appel (1985). 

Discharge from flowing domestic wells was estimated 
annually by multiplying the number of existing and new 
domestic wells in the discharge area by an average domestic 
usage of 1.5 acre-ft/yr, as was used in Clark and Appel (1985). 
They assumed this value was higher than the 1 acre-ft/yr esti-
mate for pumping domestic wells because there was no electri-
cal charge for usage and because wells often are left partially 
open during winter months to keep them from freezing.

Discharge from stock wells was estimated annually by 
multiplying the number of existing and new stock wells in 
northern Utah Valley by an average discharge of 32 acre-ft/
yr (Clark and Appel, 1985, p. 76). Conversion of agricultural 
land to commercial and residential land uses is concurrent 
with reduced livestock practices in northern Utah Valley; 
therefore, the estimated annual discharge from stock wells was 
decreased proportionally to the amount of urban growth, as 
determined from 1980 and 2002 land-use data.

Waterways, Drains, Ditches, Springs, and Diffuse 
Seepage

Ground water discharges in the valley lowlands through 
waterways, drains, and springs around the perimeter of Utah 
Lake, and from springs and diffuse seepage within Utah Lake 
and the Jordan River. Average annual discharge from these 
components during 1975–2004 is estimated to be about 97,600 
(+/- 13,600) acre-ft (table 13) or about 59 percent of the total 
ground-water discharge from the principal basin-fill aqui-
fer. Estimates of discharge from diffuse seepage and springs 
within Utah Lake are based on few data and may be a large 
source of error.

Waterways, Drains, Ditches, and Springs around Utah 
Lake

Natural discharge from the principal basin-fill aquifer to 
waterways, drains, ditches, and springs, occurring throughout 
the valley lowlands surrounding Utah Lake, was estimated 
to be about 55,000 acre-ft/yr in 2003–04 (tables 13 and 17). 
Discharge measurements at most of the waterways, drains, 
ditches, and springs entering Utah Lake (fig. 23) were made 
at access points near Utah Lake during September 2003 and 
March, June, and December 2004. Discharge from water-
ways, drains, ditches, and springs that was not measured 
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Table 16. Measured water levels, water levels relative to 1982 levels, and calculated flowing irrigation-well discharge in northern Utah 
Valley, Utah, 1975–2004.
[See front of report for an explanation of the well-numbering system used in Utah. Bold indicates reference year for calculation. Abbreviations: e, estimated; 
—, not calculated]

Well (D-5-1)19bcb-2 Well (D-7-2)3dad-1 Calculated flowing irrigation-well discharge

Date 
measured

Measured 
water level 

above (-) land 
surface (feet)

Water level 
relative to 
1982 level
(percent)

Date 
measured

Measured 
water level 

above (-) land 
surface

(feet)

Water level 
relative to
1982 level
(percent)

Average of 
relative water 

level
(percent)

Relative to 
1982 water 
level and 

1982 flowing 
irrigation-well 

discharge
(acre-feet)

Increased 
by number of 

new wells
(acre-feet)

Reduced 
by percent 

urbanization
(acre-feet)

Total
(acre-
feet)

03-04-75 -26.2 0.99 03-06-75 -11.55 1.08 1.03 29,000  —  —  29,000 
03-02-76 -29.65 1.12 03-04-76 -14.3 1.34 1.23 34,400  —  —  34,400 
03-03-77 -24.9 .94 03-07-77 -9.2 .86 .90 25,200  —  —  25,200 
03-06-78 -23.4 .88 03-08-78 -8.5 .79 .84 23,500  —  —  23,500 
03-13-79 -26.1 .98 03-15-79 -10.71 1.00 .99 27,800  —  —  27,800 
03-06-80 -26.14 .99 03-03-80 -11.4 1.06 1.03 28,700  —  —  28,700 
03-06-81 -29.5 1.11 03-02-81 -13.6 1.27 1.19 33,400  —  600  32,800 
03-06-82 -26.50 1.00 03-02-82 -10.70 1.00 1.00 28,000 100  1,100  27,000 
03-02-83 -31.1 1.17 03-01-83 -14.9 1.39 1.28 35,900 100  2,100  33,900 
03-06-84 -33.7 1.27 03-09-84 -16.5 1.54 1.41 39,400 200  3,100  36,500 
03-01-85 -33.1 1.25 03-04-85 -16.6 1.55 1.40 39,200 200  3,800  35,600 
03-05-86 -31.7 1.20 03-07-86 -14.3 1.34 1.27 35,500 300  4,200  31,600 
03-05-87 -30.2 1.14 03-04-87 -15.0 1.40 1.27 35,600 400  4,900  31,100 
03-04-88 -25.6 .97 03-02-88 -8.8 .82 .89 25,000 500  4,000  21,500 
03-08-89 -19.2 .72 03-09-89 -8.1 .76 .74 20,700 500  3,600  17,600 
03-01-90 -18.7 .71 03-05-90 -6.0 .56 .63 17,700 600  3,300  15,000 
03-06-91 -17.7 .67 03-05-91 -4.6 .43 .55 15,400 700  3,100  13,000 
03-04-92 -20.2 .76 03-10-92 -7.61 .71 .74 20,600 800  4,400  17,000 
03-02-93 -15.3 .58 03-04-93 -3.54 .33 .45 12,700 800  2,900  10,600 
03-03-94 -20.4 .77 03-09-94 -10.4 .97 .87 24,400 900  5,800  19,500 
03-03-95 -19.2 .72 03-09-95 -9.0 .84 .78 21,900 1,000  5,500  17,400 
03-05-96 -21.0 .79 03-08-96 -13.0 1.21 1.00 28,100 1,100  7,600  21,600 
03-12-97 -21.6 .82 03-07-97 -7.8 .73 .77 21,600 1,100  6,400  16,300 
03-04-98 -21.2 .80 03-11-98 -11.3 1.06 .93 26,000 1,200  8,200  19,000 
03-03-99 -22.5 .85 03-04-99 -13.5 1.26 1.06 29,600 1,300  9,900  21,000 
03-08-00 e -18 e .68 03-06-00 -10.1 .94 .81 22,700 1,400  8,300  15,800 
03-07-01 e -13 e .49 03-06-01 -6.5 .61 .55 15,400 1,400  6,100  10,700 
03-12-02 -8.3 .31 03-12-02 -2.35 .22 .27 7,500 1,500  3,400  5,600 
03-11-03 -9.5 .36 03-13-03 -3.19 .30 .33 9,200 1,500  4,300  6,400 
03-05-04 -7.5 .28 03-24-04 -2.62 .24 .26 7,400 1,600  3,800  5,200 

Average -22.86 0.86 -9.86 0.92 0.88  24,700  800  4,600  21,700 

was estimated. Estimates were based on other measurements 
made at each site during the study period, visual inspection, 
or by applying a ratio to the 1981–82 measured values based 
on measurements at sites measured in both 1981–82 and 
2003–04. The minimum combined flow of measured and esti-
mated inflows to the lake was about 64 ft3/s (46,000 acre-ft/yr) 
in June 2004; the maximum combined flow was about 88 ft3/s 
(64,000 acre-ft/yr) in March 2004; and during September 2003 
and December 2004, the total combined flow was about 75 
ft3/s (54,000 acre-ft/yr) for each period (table 17). These mea-
surements were made when irrigation diversions and snowmelt 
runoff were at a minimum and therefore are considered to be 
representative of base-flow conditions. The 1975–2004 aver-

age annual discharge was estimated to be 69,000 (+/- 6,900) 
acre-feet (table 13) as determined by calculating the average of 
measured flows from the three ground-water studies conducted 
for northern Utah Valley including Cordova and Subitzky 
(1965), 53,000 acre-ft/yr; Clark and Appel (1985), 100,000 
acre-ft/yr; and this study, 55,000 acre-ft/yr.

Clark and Appel (1985, table 15) reported an average 
value of 100,000 acre-ft/yr for discharge from drains, ditches, 
and springs, almost double the estimated 2003–04 value in 
this report. This estimate was based primarily on discharge 
measurements made in the fall of 1981 and the spring and fall 
of 1982. The decrease in estimates for this study is a result 
of decreased hydrostatic pressure in the confined aquifers, 
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Table 17. Discharge from waterways, drains, ditches, and springs around Utah Lake in northern Utah Valley, Utah, 2003–04.
[Site identifer shown on figure 23. See front of report for an explanation of the well-numbering system used in Utah. All values in cubic feet per second. Abbre-
viations: e, estimated]

Site identifer Local identifier

Measurement period

AverageSeptember 
2003

March 
2004

June 
2004

December 
2004

1 (C-5-1)25ccc e 0.483 e 0.483 0.643 0.322 0.483
2 (C-5-1)25cdc .294 e .794 e .794 1.29 .794
3 (C-5-1)25cac .585 e 1.37 e 1.37 2.15 1.37
5 (D-5-1)19cca 0 0 0 0 0
6 (D-5-1)19dda e .101 .122 .134 .046 .101
7 (D-5-1)20dcb e .106 .184 .034 .101 .106
8 (D-5-1)21ccb .786 e .5 e 0 e .5 e .5
9 (D-5-1)21cac .188 .111 .041 .435 .194

10 (D-5-1)21adb .832 1.70 .692 1.47 1.17
11 (D-5-1)21adb 2.90 8.29 .777 9.54 5.38
12 (D-5-1)27bbd e 1 e 1 e 1 e 1 e 1
13 (D-5-1)27dda 2.05 1.98 2.44 2.39 2.21
14 (D-5-1)26cac e 1 e 1 e 1 e 1 e 1
15 (D-5-1)35abb e .207 .120 .421 .080 .207
16 (D-5-1)35aab .507 1.20 .105 1.23 .760
17 (D-5-1)36bbb 1.06 1.45 .651 1.13 1.07
18 (D-5-1)36bab .555 .973 1.00 .694 .806
19 (D-5-1)36aab 1.03 1.29 1.99 1.48 1.45
20 (D-6-2)6baa 8.75 9.68 10.24 10.50 9.79
21 (D-6-2)6dbc 14.0 12.3 1.37 3.67 7.83
22 (D-6-2)7abb e 1.5 e 1.5 e 1.5 1.50 1.50
23 (D-6-2)7dcc 0 0 0 0 0
24 (D-6-2)18abb .977 2.20 4.68 .463 2.08
25 (D-6-2)29cbb 2.55 2.83 .277 .010 1.42
26 (D-6-2)29cdb .861 4.63 2.88 2.95 2.83
27 (D-6-2)29dcc 2.74 4.72 3.69 4.30 3.86
28 (D-6-2)33bcb .500 0 0 0 .125
29 (D-7-2)3bcb e .3 e .3 e .3 e .3 e 0.3
30 (D-7-2)10cad 3.39 1.38 .450 1.05 1.57
31 (D-7-2)11dcd e .6 e .6 e .6 e .6 e .6
32 (D-7-3)18bca e 6.5 e 6.5 e 6.5 e 6.5 e 6.5
33 (D-7-3)18dac e 1.2 e 1.2 e 1.2 e 1.2 e 1.2
34 (D-7-3)19aac e 9.3 e 9.3 e 9.3 e 9.3 e 9.3
35 (D-7-3)20cdb e 8.2 e 8.2 e 8.2 e 8.2 e 8.2

 Total
(rounded)

(cubic feet per second) 75 88 64 75 76
(acre-feet per year) 54,000 64,000 46,000 54,000 55,000

likely caused by increased ground-water withdrawals and 
regional drought conditions during and prior to 2003–04. As 
discussed previously, water levels in wells are generally 10 to 
20 ft lower in the discharge area, resulting in reduced natural 
discharge in 2003–04 as compared to 1981–82. Additionally, 
though the shallow unconfined LB aquifer is not considered 
part of the principal basin-fill aquifer, it does act as a conduit 
for discharge from the confined aquifers. Because of this, the 
measured flows in this study and past studies include at least 
some amount of water contributed by the shallow unconfined 
LB aquifer that has been recharged locally. The contribution 
from the LB aquifer has likely decreased since the 1980s 
because recharge to the aquifer has been reduced in response 

to more-efficient irrigation practices and changes in land use 
from irrigated agricultural to commercial and residential. The 
reduction in irrigation is reflected in decreased irrigation canal 
flows within the Provo River Basin (fig. 24), which follow the 
same decreasing trend as the measured discharge of water-
ways, drains, ditches, and springs. 

Springs and Diffuse Seepage beneath Utah Lake
Discharge from the principal basin-fill aquifer to springs 

beneath Utah Lake and as diffuse seepage beneath Utah Lake 
within northern Utah Valley was estimated to be about 20,400 
acre-ft/yr for 2003–04 with an average annual (1975–2004) 
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Figure 24. Relation of precipitation, discharge from irrigation canals, and discharge from waterways, drains, ditches, and springs 
around Utah Lake in northern Utah Valley, Utah.

discharge of about 25,500 (+/- 6,000) acre-ft (table 13). This 
discharge was estimated to be 30,000 acre-ft/yr by Cordova 
and Subitzky (1965, p. 19) with an estimated minimum 
(25,000 acre-ft/yr) and maximum (36,000 acre-ft/yr) discharge 
occurring in association with changes in hydrostatic pressure 
within the principal basin-fill aquifer. Clark and Appel (1985, 
p. 78) noted that these estimates were made in 1937–40 dur-
ing a drought period. Using 1981 water levels and the Darcy 
flow equation, Clark and Appel (1985, p. 79) calculated a 
total discharge of 37,000 acre-ft/yr from springs and as diffuse 
seepage beneath Utah Lake. The annual discharge reported for 
this study is calculated by multiplying the Clark and Appel 
(1985) 37,000 acre-ft/yr estimate by a “drain ratio,” calculated 
by dividing the combined annual waterway, drain, ditch, and 
spring discharge for the year of interest by the measured com-
bined discharge for 1981–82. For 2003–04, this ratio was 0.55.

A salt-balance analysis using the Utah Lake Water 
Quality Salinity model (LKSIM) was used by Fuhriman and 
others (1981) to estimate about 114,000 acre-ft/yr of ground-
water discharge within all of Utah Lake. This method used 
dissolved-solids and selected ion concentrations, along with 
the amount of surface-water inflow and outflow, precipitation, 

and change in lake storage, to calculate evaporation from and 
subsurface inflow to the lake. Refinement and calibration of 
the LKSIM salt-balance model to annual data for 1930–2003 
simulated an average annual inflow of 76,000 acre-ft from the 
principal basin-fill aquifer to Utah Lake (LeVere B. Mer-
ritt, Brigham Young University, written commun., 2005). 
The model divides ground-water inflow within the lake into 
discharge from freshwater springs and mineralized (thermal) 
springs. Fresh ground-water inflow along the eastern part 
of the lake between Jordan River and Spanish Fork River 
is simulated to be 23,600 acre-ft/yr. Part of this spring dis-
charge likely occurs south of northern Utah Valley because of 
flowpaths from the Hobble Creek and Spanish Fork drainage 
basins, but the amount is not known. To calculate the amount 
of ground-water discharge by springs in the northern part of 
Utah Lake, 80 percent of the fresh ground-water inflow along 
the eastern part of the lake from the Jordan River to the Span-
ish Fork River simulated by the LKSIM model is estimated 
to occur in the study area (an average of 18,900 acre-ft/yr 
during 1930–2003). Average annual flow from thermal springs 
to Utah Lake in the Saratoga Springs area is simulated by 
the LKSIM model to be 13,400 acre-ft. Combining the fresh 
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and thermal water components provides a 1930–2003 aver-
age discharge from springs to the northern part of Utah Lake 
of 37,000 acre-ft/yr. Spring discharge to the northern part of 
the lake calculated by the LKSIM salt-balance model in 2003 
is 22,000 acre-ft/yr and average discharge for 1975–2003 is 
40,300 acre-ft/yr. In comparison to the estimates for this study 
(20,400 and 25,500 acre-ft/yr for 2003–04 and 1975–2004, 
respectively), the LKSIM salt-balance model values are greater 
but they include inputs from thermal springs that are not quan-
tified in the hydrologic budget. 

Ground-Water Seepage to the Jordan River
Ground-water seepage to the Jordan River between Utah 

Lake and the Jordan Narrows has been estimated to be 7,000 
acre-ft/yr (Cordova and Subitzky, 1965, p. 22). Clark and 
Appel (1985, p. 79) estimated that 50 to 80 percent (3,500 to 
5,600 acre-ft/yr) of the ground-water seepage was from upward 
leakage from the principal confined basin-fill aquifer with the 
remainder occurring as seepage from the shallow unconfined 
LB aquifer. By using these previously published estimates and 
multiplying this discharge by the previously defined drain ratio 
of 0.55 for 2003–04, it was estimated that discharge from the 
principal confined basin-fill aquifer to the Jordan River was 
2,500 acre-ft in 2004. The 1975–2004 average annual dis-
charge was estimated to be 3,100 (+/- 700) acre-ft, based on a 
drain ratio of 0.69. 

Evapotranspiration
Ground-water discharge from the principal basin-fill aqui-

fer resulting from evapotranspiration was estimated to be 4,400 
acre-ft in 2004 with an average 1975–2004 annual discharge of 
5,500 (+/- 1,500) acre-ft. Evapotranspiration from the confined 
basin-fill aquifers in northern Utah Valley during 1981–82 was 
estimated to be 8,000 acre-ft/yr by Clark and Appel (1985, p. 
83). Plant consumptive use was calculated for about 16,000 
acres around Utah Lake. This area included about 5,500 acres 
of native vegetation (excluding grasses) and about 10,400 acres 
of crops and grasses, most of which receives water applied as 
irrigation. Estimates were made on how much water was sup-
plied by the different sources (precipitation, irrigation, ground 
water) to meet the consumptive-use requirements. Data were 
not collected as part of this study on evapotranspiration by 
phreatophytes. The effective area mapped by Clark and Appel 
(1985, fig. 43) likely has decreased because of water-level 
declines within the aquifers and land-use changes for the study 
period. Estimates of evapotranspiration for this study, there-
fore, were scaled by the drain ratio defined previously. 

Subsurface Outflow to Salt Lake Valley
Ground-water flow from the principal confined basin-fill 

aquifer out of northern Utah Valley into Salt Lake Valley at the 
Jordan Narrows is estimated to be from 2,000 to 3,300 acre-ft/

yr, with an average value of about 2,600 acre-ft/yr. Estimates 
of subsurface outflow were originally established by Mower 
(1970) and revised by Clark and Appel (1985) using Darcy 
calculations of cross-sectional flow based on hydraulic con-
ductivity, hydraulic gradient, and cross-sectional area. Mower 
(1970) reported a range of 2,000 to 3,000 acre-ft/yr, depend-
ing on the width of the cross section used in his calculation, 
and a probable average annual flow of 2,500 acre-ft. Clark 
and Appel (1985), using a different cross section and different 
hydraulic-conductivity values, calculated a similar annual flow 
of at least 2,000 acre-ft.

Few wells have been drilled in the Jordan Narrows area 
since 1985. One well of interest, (C-4-1)26acd-1, was drilled 
in 1995 near the center of the Clark and Appel (1985) transect. 
The lithologic log is poorly detailed but notes that bedrock is 
present at 700 ft below land surface, placing an upper limit on 
the potential saturated thickness of the basin-fill aquifer near 
Jordan Narrows. In the area, the SP aquifer generally occurs at 
about 100 to 150 ft below land surface. Accounting for inter-
vening clay layers within the basin-fill aquifers, the maximum 
saturated thickness is likely about 500 ft. Clark and Appel 
(1985) used local well logs to estimate a hydraulic-conductiv-
ity value of 20 ft/d. Using the maximum saturated thickness 
and the Clark and Appel values (1985) of hydraulic conductiv-
ity (20 ft/d), hydraulic gradient (0.006 (32 ft/mi)), and cross-
sectional length (6,600 ft) in Darcy’s equation, the maximum 
outflow to Salt Lake Valley is calculated to be 396,000 ft3/d or 
about 3,300 acre-ft/yr. This value is only slightly larger than 
the upper range estimated by Mower (1970) and reinforces 
Mowers estimate.

Hydrologic Budget

The total 1975–2004 average annual amount of water 
available as recharge and subsurface inflow to the principal 
basin-fill aquifer in northern Utah Valley is estimated to be 
about 153,000 (+/- 31,500) acre-ft. Total discharge is esti-
mated to be about 166,700 (+/- 25,900) acre-ft/yr (table 4). 
A complete hydrologic budget for the period of data collec-
tion (2003–04) was not calculated. Various components of 
the budget, including subsurface inflows and outflows, are 
generalized data and are assumed to represent average climatic 
conditions. Because the study occurred during a drought 
period, utilization of average values to represent components 
within the 2003–04 hydrologic budget would bias the budget 
high. The annual average hydrologic budget shows a deficit in 
recharge of about 14,000 acre-ft/yr, but this difference is likely 
a result of inherent uncertainty and error in the individual 
budget estimates rather than an actual deficit. 

Estimates of the uncertainty were assessed for each of the 
budget components to represent a probable range of values. 
Budget components that are based on field measurements, 
including stream and canal seepage, irrigated fields, domestic 
watering (lawns and gardens), and discharge to waterways, 
drains, ditches, and springs were assigned an uncertainty of 10 
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percent based on the precision of the data-collection method. 
Components that rely heavily on modeled results or regression 
equations to estimate values were assigned higher uncertain-
ties. These uncertainties range from about 16 percent in the 
calculation of well discharge to 41 percent in the calculation of 
recharge from direct infiltration of precipitation on the primary 
recharge area. Uncertainty of subsurface flow into and out of 
northern Utah Valley was assumed to be about 30 percent of 
the calculated value because of the highly variable values of 
hydraulic conductivity and evapotranspiration used in these 
calculations.

Comparison of individual measured components in the 
2003–04 hydrologic budget to the Clark and Appel (1985) 
measured components shows a decrease in all of the bud-
get components except for domestic watering of lawns and 
gardens. This decrease is likely a result of both drier climatic 
conditions and land-use changes (a decrease in irrigated lands 
with increased urban development). The measured compo-
nents with the greatest change and effect on the hydrologic 
budget include recharge from stream and canal seepage, 
discharge from wells, and discharge from waterways, drains, 
ditches, and springs around Utah Lake. These components 
are highly influenced by climatic conditions and the decrease 
reflects the drought period during which they were measured. 
The 55-percent decrease in discharge to waterways, drains, 
ditches, and springs around Utah Lake is significant and 
also has a fairly low uncertainty because it was a measured 
value during both studies. Land-use effects on the budget 
components are apparent when comparing recharge from 
irrigated fields and domestic watering (lawns and gardens). 
The decrease in recharge from irrigated lands and increase 
in recharge from domestic watering (lawns and gardens) is a 
direct result of irrigated lands giving way to urban develop-
ment. Subsurface inflow from the mountain block to the prin-
cipal basin-fill aquifer decreased by 59 percent from the Clark 
and Appel (1985) estimate. This difference is likely a result of 
the incorporation of new methodologies and higher resolution 
data to calculate subsurface inflow rather than a reflection of 
actual environmental conditions or changes to the system. 

Movement

Ground water generally flows through the basin-fill 
deposits in northern Utah Valley from recharge areas at and 
near the mountain fronts to discharge areas in and near the 
valley bottom, Utah Lake, and the Jordan River. As previously 
discussed in the “Sources of Water” section of this report, a 
downward gradient exists within the primary recharge area 
along the mountain front (figs. 2 and 3). A downward gradient 
also exists in the secondary recharge area, but leaky confining 
layers of fine-grained material impede the downward move-
ment of water and may allow only a portion to leak to the 
principal confined basin-fill aquifer. Water not able to infiltrate 
through the fine-grained layers becomes part of the shallow 
water table (LB) aquifer and localized perched aquifers. At 

the lower end of the generalized flowpath, near the valley 
bottom, an upward gradient exists within the confined basin-
fill aquifers, resulting in ground-water discharge in the form 
of springs, diffuse seepage, and flowing wells. An intensive 
water-level survey was completed in March and April of 2004 
to determine the distribution of the altitude of the potentio-
metric surface in the different basin-fill aquifers. Water levels 
were measured in 269 wells throughout the study area (fig. 25) 
and used to delineate potentiometric contours for the basin-
fill aquifer. Measured water levels and well characteristics are 
listed in appendix A.

Lake Bonneville Unconfined Aquifer
Recharge to the shallow unconfined LB aquifer and 

dispersed perched aquifers occurs from direct infiltration of 
precipitation, seepage from streams and canals, seepage from 
irrigation and domestic watering, and septic systems. In the 
valley lowlands, leakage to the LB aquifer occurs as upward 
movement of water from the deeper confined aquifers where 
pressure is greater than in the overlying water-table aquifer. 
Groundwater movement in the LB aquifer generally is similar 
to the slope of the land surface (Clark and Appel, 1985, p. 49) 
with recharge occurring on the valley benches and discharge 
occurring near the valley bottom as springs, diffuse seepage, 
and evapotranspiration. Water levels measured in seven wells 
finished in the LB aquifer ranged from about 2 to 42 ft below 
land surface (appendix A), averaging about 16 ft. In general, 
the perched systems and the LB aquifer are not hydraulically 
connected laterally, and no attempt was made to identify a 
potentiometric surface on a valley-wide scale. 

Shallow Pleistocene Confined Aquifer
The potentiometric surface of the SP aquifer (fig. 26) 

was delineated from water-level measurements collected dur-
ing March 2004 in 79 wells completed within the SP aquifer. 
Water levels ranged from an altitude of 4,498.4 ft near Utah 
Lake to 4,553.1 ft on the Highland Bench. Water-level gradi-
ents in the SP aquifer range from a minimum of 0.0009 (5 ft/
mi) in the area west of the Provo Bench (Orem) and continu-
ing down to Powell Slough to a maximum of 0.006 (32 ft/mi) 
in the area south of the Provo River extending from the moun-
tain front to near Provo Bay, with flow generally toward Utah 
Lake or the Jordan River. Areas of ground-water discharge, as 
indicated by the indentation of the potentiometric contour lines 
in the upgradient direction, include the area surrounding Mill 
Pond near Lehi, the area south of Geneva near Powell Slough, 
and the area northeast of Provo Bay. Potentiometric contours 
also indicate that ground-water flow south of the American 
Fork River parallels the mountain front to the Grove Creek and 
Battle Creek drainage basins. Flow is controlled by the sub-
stantially greater recharge contribution from the vicinity of the 
larger American Fork River drainage basin as compared to the 
small drainage basins of Battle Creek, Grove Creek, and other 
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small mountain-front streams. Overall, the flow patterns deter-
mined from potentiometric contours and associated hydraulic 
gradients in 2004 are similar to contours delineated by Clark 
and Appel (1985, fig. 23), even though water levels are about 
10 ft lower in 2004 than those measured during 1981–82. 

Combined Pre-Lake Bonneville Unconfined 
Aquifer and Deep Pleistocene Confined Aquifer

The potentiometric surface of the combined PLB and DP 
aquifers was interpolated by using water levels from 55 wells 
completed in the confined DP aquifer and 37 wells completed 
in the unconfined PLB aquifer along the mountain front (fig. 
27). The unconfined PLB and confined DP aquifers are rep-
resented as one continuous unit because of the aereal extent 
and increased number of wells when combined. Water-level 
gradients range from about 0.0009 (5 ft/mi) on the Highland 
Bench below the mouth of American Fork Canyon to about 
0.009 (50 ft/mi) near where Dry Creek enters the valley and 
flows onto the basin-fill deposits. The hydraulic gradient from 
where Dry Creek enters the valley to where it reaches Utah 
Lake is about 0.002 (11 ft/mi). Gradients are generally steeper 
near the mouths of canyons, where recharge is occurring and 
aquifer thickness and permeability is greater than in the valley 
lowlands. Gradients begin to decrease as the distance from 
the canyon mouth and mountain block increases. Gradients in 
the lower parts of the valley to Utah Lake generally are in the 
range of 0.002 (11 ft/mi) to 0.003 (16 ft/mi).

Ground-water flow in the combined PLB and DP aquifers 
is parallel to or oblique to the mountain front in areas where 
recharge is limited and substantially less than recharge occur-
ring at or near the canyon mouths, such as south of American 
Fork Canyon and north of Provo Canyon. Water levels in the 
PLB and DP aquifers were generally higher than water levels 
measured in the SP aquifer in 2004. An exception is the area 
surrounding Provo, which may be attributed to seepage from 
the Provo River as a predominant recharge source in the valley 
compared to subsurface inflow from the mountain block in the 
area. Additionally, the confining clay units appear to extend 
closer to the mountain front where the Provo River has both 
gaining and losing reaches within the primary recharge area.

Water levels measured in the SP, PLB, and DP aquifers 
in 2004 generally were less than water levels measured in 
1981, which likely is a result of a regional drought beginning 
in 1999. In addition, many irrigation wells completed in the 
SP, PLB, and DP aquifers may have been used to supplement 
inadequate surface-water flows for crop irrigation during the 
regional drought period, thereby increasing withdrawals from 
the aquifers. The change in potentiometric-surface altitude for 
the SP aquifer may also be the result of reduced seepage from 
irrigation as more agricultural land has been converted to com-
mercial and residential land. 

Quaternary/Tertiary and Western Unconsolidated 
Aquifers

The potentiometric surface of the QT aquifer, including 
water levels measured in wells completed in the WU aquifer 
west of Utah Lake and the Jordan River, was interpolated by 
using water-level measurements made during March 2004 in 
31 wells completed in the QT aquifer and 21 wells completed 
in the WU aquifer (fig. 28). Hydraulic gradients in the QT 
aquifer east of the Jordan River range from 0.002 to 0.005 (11 
to 26 ft/mi). Flow direction and potentiometric surfaces are 
similar to those of the combined PLB and DP aquifer. Near 
the valley lowlands and west of the Jordan River, water-level 
altitudes are generally about 4,500 ft. 

Water levels in the WU aquifer from the Cedar Pass area 
down into the valley near the west side of Utah Lake vary 
greatly with increasing altitude and distance from the val-
ley lowlands. Water-level altitudes ranged from about 4,485 
to 4,828 ft during March 2004, resulting in a relatively steep 
hydraulic gradient of 0.018 (100 ft/mi) for the area. Water 
levels in few wells were measured between Cedar Pass and 
the valley bottom and a large error may be associated with this 
calculated gradient. 

Bedrock Aquifer West of the Jordan River
Ground-water flow into northern Utah Valley from Cedar 

Valley also occurs through highly fractured bedrock in the 
Cedar Pass area (fig. 9). The water-level altitude measured in 
a well completed in limestone bedrock in the Cedar Pass area 
was about 4,515 ft in March 2004, about 15 ft higher than that 
of water levels measured in wells completed in both the bed-
rock and WU aquifers near Utah Lake and the Jordan River. 
This results in a relatively low hydraulic gradient of 0.0009 (5 
ft/mi).

Water-Level Fluctuations

Water levels fluctuate in response to changes in ground-
water recharge and discharge. These water-level fluctuations 
can occur on a variety of time scales including short-term 
durations (daily, monthly, yearly) and long-term durations 
(decadal). To evaluate short-term (yearly) fluctuations within 
the principal basin-fill aquifer, water levels were measured 
during March-April 2004 and March 2005 in 112 wells. In 
addition, water levels in a subset of these wells also were 
measured quarterly during June-July 2004 (56 wells), October 
2004 (74 wells), December-January 2004–05 (56 wells), and 
June 2005 (53 wells) to evaluate seasonal changes. Long-term 
(decadal) fluctuations were assessed from water-level mea-
surements completed in 110 wells measured during 1981–82 
(Clark and Appel, 1985) and March 2004. 
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Figure 26. Potentiometric map for the shallow Pleistocene aquifer in northern Utah Valley, Utah, March-April 2004.
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Short-Term Fluctuations
Water levels were measured repeatedly on a quarterly 

basis in at least 53 wells during the period March 2004 
through June 2005 (appendix B). Water levels measured during 
2004 are representative of less-than-normal recharge condi-
tions resulting from drought conditions throughout the study 
area beginning in 1999. Precipitation in the study area was 
normal or greater than normal during 2005 relative to the 
30-year average precipitation. The relative increase in precipi-
tation caused an increase in recharge to the principal basin-fill 
aquifer, as shown by increased water levels and longer dura-
tion of water-level rises in measured wells. 

In general, water levels change seasonally as a result 
of a complex interrelation between ground-water pumping, 
precipitation, and runoff from the bedrock uplands. This 
is clearly illustrated by comparing the hydrograph of well 
(D-4-1)36abc-1 near Highland with the unregulated stream 
hydrograph of the American Fork River (fig. 29). Snowmelt 
runoff in the American Fork River during 2004 was less than 
normal, relative to the 30-year average, and occurred earlier 
than usual in the spring. In 2005, snowmelt runoff was close 
to the 30-year average and much greater than in 2004. The 
Highland well (fig. 29) illustrates the irrigation pumping and 

recovery signature superimposed with seasonal recharge from 
mountain runoff. From November to mid-March, 2003, the 
aquifer followed a typical pumping recovery curve. Then, 
from April to July, several precipitation-snowmelt events 
occurred, resulting in a double peak in the hydrograph. During 
this period, ground-water withdrawals increased in response 
to irrigation and municipal pumping, resulting in water-level 
declines during peak snowmelt runoff and through the summer 
months. The cycle restarted on October 2004, but this time, 
the recharge event in May-June was much larger, resulting in a 
much larger recharge peak in May through September. In fact, 
the recharge event was so much larger that the October recov-
ery starts from a higher water level than in previous years, but 
the recovery pattern is much the same.

Although the quarterly hydrograph data (fig. 30) do not 
have the same resolution as in figure 29, study area wells show 
significant seasonality (pumping and recharge induced) and 
the effects of dry as compared to wet years (spring 2004 as 
compared to spring 2005). Measured water levels declined in 
most wells from March to June 2004, whereas average runoff 
during the same period in 2005 resulted in a rise in water 
levels (fig. 30). Water levels generally rose during October to 
December 2004, after the irrigation season ended and with-
drawals from irrigation wells ceased. Water levels continued to 
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recover from December 2004 to March 2005 (fig. 30). Most of 
the water levels measured in wells east of the Jordan River and 
Utah Lake (fig. 31, hydrographs e-p) in March 2005 generally 
returned to or exceeded the previous year’s level and showed a 
continued rise into June. Water levels in three wells west of the 
Jordan River (fig. 31, hydrographs b-d) declined from March 
to June 2005. This water-level decline occurred in both the 
unconfined and confined parts of the basin-fill aquifer and the 

cause is not known, but may be related to the recharge source 
area or to ground-water withdrawals in the area. 

Water levels measured quarterly in adjacent wells (D-5-
2)32bdb-2 and (D-5-2)32bdb-3, completed in the SP and DP 
aquifers, respectively, have the same overall trend, but the 
magnitude of change is greater in the well completed in the 
DP aquifer (fig. 31, hydrograph k). The vertical pressure gradi-
ent between the shallow (SP) and deep (DP) aquifer is upward 
during periods of recharge but a gradient reversal (downward) 
was detected during the summer caused by irrigation and 
municipal ground-water withdrawals. Locally, withdrawals 
from the DP aquifer are greater than from the SP aquifer.

Long-Term Fluctuations
Water levels in wells in northern Utah Valley declined 

from 1981 to 2004 (fig. 32) and are consistent with precipi-
tation trends between the two periods (fig. 4). Generally, 
water levels in wells near the mountain front and near canyon 
mouths declined more than in wells in the valley lowlands. 
On average, water levels measured in 108 wells during both 
1981–82 and 2004–05 declined by an average of 22.69 ft 
for all aquifers. Water-level decreases in these wells ranged 
from about 0.33 to 108.46 ft (table 18). The largest decline 
in measured water level of 108.46 ft occurred in well (D-4-
2)19dda-1, a relatively deep well completed in the PLB aqui-
fer near Alpine and the mountain front, as would be expected 
during drought conditions. Water-level changes in the confined 
basin-fill aquifers (SP, DP, QT, and WU) were less pronounced 
than those in the unconfined PLB aquifer. Water-level changes 
in the SP aquifer ranged from -7.00 to -42.88 ft, with an aver-
age decline of -16.10 ft. Water-level changes in the DP aquifer 
had the greatest range (-4.45 to -58.32 ft) and the greatest 
average decline (-25.66 ft). Water-level changes in the QT 
aquifer, including wells measured in the WU aquifer, ranged 
from about -2.9 to -38.1 ft with an average decrease of about 
-22.3 ft.

Water levels reached a maximum in most wells during 
1984–85, which was a period of greater-than-average precipi-

Figure 30. Quarterly water-level changes in wells in northern 
Utah Valley, Utah, March 2004-June 2005.

Table 18. Summary of water-level changes in wells measured during 1981 and 2004 in northern Utah Valley, Utah.
[All values are in feet]

Aquifer Number of wells
measured

Water-level change

Minimum Mean Maximum

Lake Bonneville (LB) 5 -0.33 -2.51 -5.89
Pre-Lake Bonneville (PLB) 19 -14.14 -38.29 -108.46
Shallow Pleistocene (SP) 35 -7.00 -16.10 -42.88
Deep Pleistocene (DP) 24 -4.45 -25.66 -58.32
Quaternary/Tertiary (QT) 11 -14.89 -25.79 -38.13
Western unconsolidated (WU) 2 -2.95 -3.27 -3.58
Bedrock (B) 2 6.50 -3.80 -14.10
Unknown or mixed 12 -2.50 -20.02 -46.17
All wells in basin-fill aquifers 108 -.33 -22.69 -108.46
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Figure 31. Quarterly water-level changes in selected wells in northern Utah Valley, Utah, March 2004-June 2005.
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Figure 31. Quarterly water-level changes in selected wells in northern Utah Valley, Utah, March 2004-June 2005—Continued.
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tation throughout the study area (fig. 33, hydrographs 4–12). 
Below-average precipitation during the late 1980s and early 
1990s caused water levels to decline. A return to near-average 
climatic conditions during the mid- to late- 1990s caused 
water levels to rise with the relative increase in precipitation. 
A severe regional drought starting in 1999 and continuing 
through 2004 resulted in substantial declines in water levels 
after 1999. 
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Figure 33. Long-term hydrographs displaying multi-year trends and fluctuations in wells in northern Utah Valley, Utah, 1936–2005.

Long-term water-level fluctuations measured in adjacent 
wells (D-5-1)20aba-1 completed in the QT aquifer and (D-5-
1)20aba-2 completed in the DP aquifer indicate the same over-
all trend, but the water levels were higher in the QT aquifer 
as compared to the DP aquifer (fig. 33, hydrographs 6 and 7). 
The magnitude of water-level declines within the QT aquifer 
was greater during periods of less-than-average precipitation 
relative to the DP aquifer. The upward gradient between the 
deeper QT aquifer and the shallower DP aquifer at this site 
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Figure 33. Long-term hydrographs displaying multi-year trends and fluctuations in wells in northern Utah Valley, Utah, 
1936–2005—Continued.

decreased during the drought period of 1999–2004 relative to 
the past 70 years.

Long-term water-level records for wells in the western 
part of the study area are limited because of the lack of wells. 
Water-level fluctuations in two wells completed in the WU 
basin-fill aquifer, west of the Jordan River, illustrate the same 
declining trend as other wells in the valley (fig. 34, hydro-
graphs 2 and 3). Well (C-5-1)20ddc-1 (fig. 34, hydrograph 1) 

is completed in both the WU basin-fill aquifer and the lime-
stone bedrock aquifer near the Cedar Pass area. The well has 
a water-level record dating back to 1965 and is the only well 
in the area completed in the bedrock with a long-term record. 
This well was the only well in the study area with a rising 
water-level trend during 1999 to 2004. The reason for the rise 
is not known but is likely associated with connection to the 
limestone bedrock aquifer.
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Figure 33. Long-term hydrographs displaying multi-year trends and fluctuations in wells in northern Utah Valley, Utah, 
1936–2005—Continued.
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Water Chemistry and Physical 
Properties

Water samples were collected from 36 wells and springs 
throughout the study area during May 2003 to August 2005 
(table 19 and fig. 35). Sampling sites were selected to target 
specific aquifers at multiple locations along likely ground-
water flowpaths that generally follow the major river drainage 
basins from the mountain front down to the valley bottom. 

Nested wells or wells located in the same general area, but 
completed at different intervals, also were targeted to evaluate 
the different aquifers at depth in the same vicinity. In some 
cases, distinct intervals could not be attained and some water 
samples represent water chemistry that may be a composite of 
more than one aquifer contributing to the same well.

At each location, physical properties, including water 
temperature, specific conductance, pH, and dissolved-oxygen 
concentration, were measured prior to collecting water 
samples. Water samples collected from 34 wells (fig. 35) were 

Table 19. Physical characteristics of 36 wells and springs sampled in northern Utah Valley, Utah, 2003–05.
[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Well identifier: see front of report for an explanation of the well-num-
bering system used in Utah. Theoretical flowpath: shown on figure 35. Contributing aquifer: LB, Lake Bonneville; PLB, pre-Lake Bonneville; SP, shallow 
Pleistocene; DP, deep Pleistocene; QT, Quaternary/Tertiary; WU, Western unconsolidated; B, bedrock. All values are in feet. Abbreviations: —, no data or not 
applicable. ]

Sample 
identifier Well identifier Theoretical 

flowpath
Contributing 

aquifer(s)
Primary use 

of water

Altitude 
of land 
surface

Depth
of well

Well open interval Water-level measurement

Depth to top 
of openings

Depth to 
bottom of 
openings

Above (-) or 
below land 

surface

Date  
measured

1 (C-5-1)20aaa-1 West B Public supply 4,918 980  510  940 428 03-01-04
2 (C-5-1)15aba-1 West WU Domestic 4,665 253  181  242 150.85 03-15-04
3 (D-6-1)19adc-1 West WU Domestic 4,567 110  110 — 66.19 03-11-04
4 (C-4-1)26adc-1 Traverse B Industrial 4,600  1,030  710  1,010 — —
5 (D-4-1)36bcb-1 Dry Creek PLB Public supply 4,888  601  295  575 335 03-01-04
6 (D-4-1)34bac-1 Dry Creek PLB Industrial 4,853  1,557  785  1,540 391.84 03-15-04
7 (D-4-1)34ccc-1 Dry Creek QT Public supply 4,700  904  660  900 139.6 04-01-04
8 (D-4-1)34ccc-2 Dry Creek DP Domestic 4,715  221  211  214 162.33 09-12-03
9 (D-4-1)34ccc-S1 Dry Creek LB Irrigation 4,717 — — — — —

10 (D-5-1)17abb-1 Dry Creek QT Public supply 4,554  500  266  500 — —
11 (D-5-1)19abb-3 Dry Creek QT Domestic 4,508  331  331 — -12 09-29-95
12 (D-5-1)19acb-2 Dry Creek DP Domestic 4,506  144  136  144 -4 03-02-04
13 (D-5-1)19ccc-2 Dry Creek SP, DP, QT Public supply 4,493  535  100  505 — —
14 (D-4-2)31abd-1 American Fork PLB Irrigation 4,980  655  410  655 353.02 03-11-99
15 (D-4-2)30cdc-1 American Fork PLB Public supply 4,994  1,496  888  1,476 426 04-01-04
16 (D-5-1)1cdc-1 American Fork DP Public supply 4,765  500  332  468 179 02-22-04
17 (D-5-2)8bca-1 American Fork PLB Irrigation 4,815  500  220  328 246 03-01-04
18 (D-5-1)14bdc-1 American Fork QT Public supply 4,587  910  424  850 -12.1 03-30-81
19 (D-5-1)15cca-1 American Fork DP Irrigation 4,528  182  161  169 -23.75 03-15-04
20 (D-5-1)15cbc-S1 American Fork SP Irrigation 4,534 — — — — —
21 (D-5-1)26bda-1 American Fork SP, DP Irrigation 4,522  200  82  200 -17.5 03-11-04
22 (D-5-1)26cac-2 American Fork SP Irrigation 4,503  118  106  118 -28.3 03-11-04
23 (D-5-2)27baa-1 Battle Creek B Public supply 5,042  580  529  570 509 03-01-04
24 (D-5-2)28daa-1 Battle Creek PLB Public supply 4,780  410  260  406 240 03-01-04
25 (D-5-2)32bdb-3 Battle Creek DP Domestic 4,510  334  328  334 -32.6 03-04-04
26 (D-5-2)32bdb-2 Battle Creek SP Irrigation 4,510  171  167  171 -31.3 03-04-04
27 (D-6-2)14bcd-1 Orem DP Public supply 4,778  650  480  618 258 03-01-04
28 (D-6-2)8cac-5 Orem QT Industrial 4,530  1,190  882  1,170 -5.5 03-30-04
29 (D-6-2)17bcb-1 Orem SP Irrigation 4,516  123  105  123 -2.5 03-30-04
30 (D-6-2)28cba-S1 Orem SP Irrigation 4,515 — — — — —
31 (D-6-3)7ccb-1 Provo PLB Public supply 4,790  469  195  402 247 03-05-04
32 (D-6-2)24caa-1 Provo SP Irrigation 4,690  248  225  246 158.19 03-30-04
33 (D-7-2)4cbb-2 Provo SP Domestic 4,490  144  136  144 -11.2 09-08-04
34 (D-7-2)4cbc-1 Provo DP Irrigation 4,490  250  235 — -11.8 09-09-04
35 (C-4-1)25abb-1 — SP, DP, QT, B Public supply 4,690  1,522  350  1,500 68.17 07-27-05
36a (D-5-1)4dcb-1 — QT Public supply 4,760  1,600  531  551 188 08-06-05
36b (D-5-1)4dcb-1 — QT Public supply 4,760  1,600  731  751 188 08-06-05
36c (D-5-1)4dcb-1 — QT Public supply 4,760  1,600  818  838 188 08-06-05
36d (D-5-1)4dcb-1 — QT Public supply 4,760  1,600  940  1,010 188 08-06-05
36e (D-5-1)4dcb-1 — QT Public supply 4,760  1,600  1,250  1,375 188 08-06-05
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Figure 35. Location of sampled sites and major-ion composition of ground water in northern Utah Valley, Utah, 2003–04.
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analyzed for dissolved major ions, dissolved nutrients, stable 
isotopes, dissolved gases, and tritium/helium-3 concentrations 
in order to aid in determining water sources and ground-water 
flowpaths within the principal basin-fill aquifer. In addition, 
dissolved gases and tritium/helium-3 concentrations were ana-
lyzed from samples collected during the well development and 
aquifer testing process at two newly drilled deep (greater than 
1,000 ft) public-supply wells (sample identifier 35 and 36). 
Water from well 36 was sampled at five distinct and isolated 
vertical intervals (table 19, samples 36a-e). 

Methods

Water from wells was collected either by pumping with 
an existing pump, or by using the artesian pressure to allow 
the well to flow freely. Before sampling, field parameters 
were monitored continuously and allowed to stabilize during 
a purge process. Samples were collected from a sample tap or 
hose bib as close to the wellhead as possible and before the 
water enters any storage or pressure tanks. Water samples were 
collected from springs by inserting a 2-in.-diameter polyvinyl 
chloride casing fitted with a 3-ft-long section of screen with 
a conical end point into a spring orifice as far as it would go 
without using excessive force. The top of the casing had to be 
positioned so that water could overflow and purge the tem-
porary well for 24 hours before field parameters and samples 
were collected. Samples were collected using a peristaltic 
pump with tubing inserted into the screened interval of the 
temporary well.

Samples to be analyzed for dissolved major ions and 
nutrients were filtered with a 0.45-micrometer (µm) filter. 
The cation subsample was preserved with nitric acid. Water 
samples collected to be analyzed for dissolved major ions and 
nutrients were analyzed by the USGS National Water Qual-
ity Laboratory in Denver, Colorado. Samples to be analyzed 
for stable isotopes were collected in glass containers, sealed 
with polyseal caps leaving no air space, and analyzed by the 
USGS Stable Isotope Laboratory in Reston, Virginia. Tri-
tium/helium-3 samples were collected in 1-liter polyethylene 
bottles and sealed with polyseal caps leaving no air space in 
the container. Tritium/helium-3 samples were analyzed by the 
University of Utah Dissolved Gas Service Center in Salt Lake 
City, Utah.

Dissolved-gas samples were collected by using either 
water samples in copper tubes as described by Stute and 
Schlosser (2001) or as gas samples with diffusion samplers 
as described by Sheldon (2002). If a well fitted with a pump 
was not capable of being pumped continuously for 24 hours, 
the copper tube method was used. The copper tube method 
consists of attaching a 30-in.-long section of 3/8-in.-diameter 
copper tubing to a sampling port at the wellhead, allowing 
the tube to flush with well water, then sealing both ends. 
The diffusion sampler method was used at wells and springs 
where uninterrupted flow was possible. The diffusion sampler 
is constructed of 1/8-in.-diameter copper tubing and a semi-

permeable gas diffusion membrane. The sampler was placed 
directly into the well or spring, or fitted in an airtight chamber 
connected to a discharge point at the wellhead allowing water 
to flow through the chamber and past the membrane. After 
about 24 hours, when the diffusion sampler had equilibrated 
to the sample water, the sampler was removed from the well 
or spring and immediately sealed. Dissolved-gas concentra-
tions were analyzed by the University of Utah Dissolved 
Gas Service Center with both quadrupole and sector-field 
mass spectrometers. The analysis provides the relative mole 
fractions of gasses dissolved in a sample. The dissolved-gas 
concentrations are then calculated based on Henry’s Law rela-
tions using field measurements of total dissolved-gas pressure 
and water temperature.

Major Ions and Nutrients

In northern Utah Valley, dissolved major-ion composi-
tions generally fall into two categories, depending on whether 
the water sample was collected to the east or west of Utah 
Lake/Jordan River. Thirty-one ground-water samples were col-
lected east of the Jordan River and consist mostly of calcium-
magnesium-bicarbonate type waters (fig. 36). Three samples 
were collected west of the Jordan River and consist of mixed-
type waters with sodium, calcium, chloride, sulfate, and bicar-
bonate as the dominant ions. The samples collected west of the 
Jordan River also have higher dissolved-solids concentrations 
(783 to 1,590 mg/L) than samples collected east of the Jordan 
River (141 to 491 mg/L) (table 20). One additional sample col-
lected on the east side of the valley, sample 17, was reported to 
have a dissolved-solids concentration of 778 mg/L, consider-
ably higher than that of other nearby samples collected from 
within the same aquifer. The sample was collected from a 
500-ft-deep irrigation supply well situated near the mountain 
front and finished in the PLB aquifer where the depth to water 
was 246 ft below land surface. Land use surrounding the well 
includes irrigated agriculture and stock watering with multiple 
irrigation canals traversing the land surface upgradient of the 
well. This sample also had the highest nitrate concentration 
(4.4 mg/L) of all the samples collected during the study. The 
anomalous concentrations and relative location to agricultural 
activities indicate that the sample is likely representative of 
local surface conditions with the likelihood that the sample 
was cross contaminated or represents water that has leaked 
down along the borehole from the surface and not representa-
tive of regional aquifer properties. 

Water samples that were collected from wells and 
springs in the same contributing aquifer and along the same 
flowpath generally had similar dissolved-solids concentra-
tions. Dissolved-solids concentrations in samples collected 
from different contributing aquifers generally decreased with 
increased depth into the aquifers (fig. 37). Dissolved-solids 
concentrations on the eastern side of the valley had the highest 
median value of 332 mg/L in samples collected from the SP 
aquifer with values ranging from 312 to 491 mg/L. Dissolved-
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Table 20. Physical properties and concentration of dissolved ions and nutrients in ground water, northern Utah Valley, Utah, 2003–05.

[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Abbreviations: mm Hg, millimeters of mercury; °C, degrees Celsius; µS/
cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; µg/L, micrograms per liter; —, not analyzed; <, less than; e, estimated]

Sample 
identifier

Sample 
date

Sample
time

Air
pressure
(mm Hg)

Dissolved-
gas pressure

(mm Hg)

Air 
temperature

(˚Celsius)

Water tem-
perature
(˚Celsius)

Specific
conductance

(µS/cm)

pH
(standard

units)

Dissolved oxygen

(mg/L)
(percent 

saturation)

1 06-04-03 1300 645 — 24.5 23.5 1,700 7.3 1 14
2 08-11-04 1100 651 — 28 15.6 1,380 7.2 10.1 118
3 11-13-03 1130 650 — 9.5 30.0 2,370 6.9 2.8 44
4 05-12-03 1300 649 — 22 23.0 290 8.8 2.7 37
5 08-20-03 1500 643 1,380 — 10.0 400 7.6 13.8 145
6 07-27-04 1045 640 841 26.5 20.8 435 7.5 5.8 77
7 09-04-03 1100 650 832 26.5 17.5 520 7.5 5.9 73
8 09-12-03 1000 649 842 18 12.5 690 7.1 2.7 30
9 09-16-03 1300 642 641 27 13.5 588 7.2 3.6 41

10 09-08-04 1000 648 861 22 13.3 229 8 5.8 66
11 09-12-03 1100 654 795 25 14.0 210 7.9 .9 10
12 09-04-03 1430 654 869 33.5 12.0 375 7.7 3.5 38
13 08-02-04 1315 647 711 29.5 14.7 821 7.4 .5 6
14 08-28-03 1430 642 825 34 11.4 435 7.7 9 98
15 09-16-03 1100 637 805 26 12.5 402 7.4 7.4 83
16 07-20-04 1200 644 979 26.5 9.6 443 7.4 9.9 103
17 07-29-04 1300 640 1,050 — 14.3 1,170 7.1 9.4 110
18 07-20-04 0930 648 898 26 11.6 248 7.9 8.2 89
19 07-28-04 1245 648 1,020 32 10.7 438 7.5 9 96
20 08-12-04 1300 646 630 31 11.9 470 7 2.7 29
21 08-16-04 1200 650 795 28 11.7 782 7.2 1.8 19
22 08-11-04 1300 651 805 30 11.6 820 7.2 .2 0
23 07-29-04 1045 635 1,770 — 15.2 484 7.4 13.3 160
24 07-30-04 1245 640 770 — 12.4 718 7.1 8.1 91
25 07-21-04 1400 645 727 33.5 12.2 383 7.9 .1 0
26 07-21-04 1330 646 832 33.5 11.4 726 7.3 .1 1
27 08-17-04 1100 644 821 28.5 15.7 525 7.4 5.9 70
28 04-22-04 1500 643 785 16 19.9 290 8 .5 7
29 04-23-04 1200 648 761 20 13.3 608 7.3 1.3 14
30 08-13-04 1200 648 811 31 13.6 575 7.1 3.9 43
31 08-16-04 1000 644 692 18.5 10.4 453 7.3 7.6 81
32 08-24-04 1100 648 — 20 11.9 550 7.3 5.8 63
33 09-08-04 1400 648 746 28 12.6 530 7.5 .2 2
34 09-09-04 1200 648 742 27.5 12.5 526 7.4 .2 2
35 07-27-05 1530 650 — — 29.7 806 7.2 .8 13
36a 08-06-05 1400 651 — — 15.9 539 7.6 5.2 —
36b 08-10-05 0700 639 — — 17.5 618 7.7 5.4 67
36c 08-11-05 0840 661 — — 18.4 493 7.9 3.1 38
36d 08-12-05 2130 645 — — 19.2 472 7.8 2.8 36
36e 08-14-05 0215 — — — 20.0 566 7.8 1.7 22
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Sample 
identifier

Sample 
date

Sample
time

Alkalinity
(mg/L as
CaCO3)

Arsenic
(µg/L as  

As)

Bicarbonate
(mg/L as  

HCO3)

Boron
(µg/L  
as B)

Bromide
(mg/L  
as Br)

Calcium
(mg/L as 

Ca)

Carbonate
(mg/L as 

CO3)

Chloride
(mg/L as  

Cl)

1 06-04-03 1300 203 — 248 — 0.3 82.1 — 274
2 08-11-04 1100 175 2.7 213 199 .37 94.7 — 284
3 11-13-03 1130 270 .8 329 539 .36 196 — 368
4 05-12-03 1300 71 — 77 — .06 21.7 5 43.2
5 08-20-03 1500 184 .4 225 28 .02 57 — 11.1
6 07-27-04 1045 140 3.6 171 26 .07 32.8 — 44.9
7 09-04-03 1100 159 2.6 194 30 .09 45.7 — 69.5
8 09-12-03 1000 241 1.2 294 30 .06 86.1 — 35.9
9 09-16-03 1300 272 .6 331 46 .03 96.2 — 12.2

10 09-08-04 1000 95 2.9 116 10 .02 24.6 — 10.7
11 09-12-03 1100 118 5.1 143 21 .02 21 — 6.84
12 09-04-03 1430 157 1.2 191 13 .02 44 — 12.8
13 08-02-04 1315 142 3 173 75 .13 75.5 — 112
14 08-28-03 1430 153 .3 187 12 e .02 60.5 — 7.09
15 09-16-03 1100 181 .6 220 14 .03 50.6 — 8.04
16 07-20-04 1200 168 .3 205 16 e .01 58.9 — 6.98
17 07-29-04 1300 274 .8 334 84 .13 115 — 70
18 07-20-04 0930 106 1.3 130 8.6 < .02 28.1 — 5.64
19 07-28-04 1245 168 .5 205 14 .02 48.1 — 8.1
20 08-12-04 1300 280 .9 342 71 .06 70.1 — 23.2
21 08-16-04 1200 258 1.2 314 65 .07 84.8 — 24.5
22 08-11-04 1300 275 1.9 335 53 .09 92.5 — 26.5
23 07-29-04 1045 184 .2 225 29 .03 54.4 — 10.7
24 07-30-04 1245 279 .3 339 56 .07 83.4 — 21.5
25 07-21-04 1400 179 e .1 219 28 < .02 47.4 — 4.38
26 07-21-04 1330 265 2.8 324 39 .23 93.5 — 20.7
27 08-17-04 1100 181 1.5 220 28 .06 55 — 28.9
28 04-22-04 1500 109 2.8 133 22 .02 23 — 19.9
29 04-23-04 1200 235 1.8 287 58 .06 79 — 26.2
30 08-13-04 1200 244 2.2 297 70 .06 79.8 — 19
31 08-16-04 1000 180 1.2 219 51 .04 59.8 — 16.6
32 08-24-04 1100 202 — 246 — .03 74.9 — 12.8
33 09-08-04 1400 229 1.9 280 56 .05 63.4 — 11.5
34 09-09-04 1200 225 1.3 274 56 .07 65.1 — 11.3
35 07-27-05 1530 — — — — — — — —
36a 08-06-05 1400 — — — — — — — —
36b 08-10-05 0700 — — — — — — — —
36c 08-11-05 0840 — — — — — — — —
36d 08-12-05 2130 — — — — — — — —
36e 08-14-05 0215 — — — — — — — —

Table 20. Physical properties and concentration of dissolved ions in ground water, northern Utah Valley, Utah, 2003–05—Continued.

[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Abbreviations: mm Hg, millimeters of mercury; °C, degrees Celsius; µS/
cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; µg/L, micrograms per liter; —, not analyzed; <, less than; e, estimated]
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Sample 
identifier

Sample 
date

Sample
time

Fluoride
(mg/L as F)

Iron
(µg/L as Fe)

Magnesium
(mg/L as Mg)

Manganese
(µg/L as Mn)

Potassium
(mg/L as K)

Silica
(mg/L as 

SiO2)

Sodium
(mg/L as 

Na)

Solids, 
residue on 

evaporation 
at 180°C
(mg/L)

1 06-04-03 1300 2.3 11 39.4 0.6 9.61 16.1 189 1,030
2 08-11-04 1100 1.1 8 43.1 1 6.06 26.4 106 783
3 11-13-03 1130 1.8 596 51.5 282 24.9 29.4 235 1,590
4 05-12-03 1300 .37 47 11.1 64 4.23 .6 11.6 144
5 08-20-03 1500 .2 < 8 20.7 e .3 1.75 12.9 8.34 276
6 07-27-04 1045 .2 10 19.4 1.2 2.12 28.2 25.5 244
7 09-04-03 1100 .3 < 8 21.3 e .3 2.58 28.1 22.9 303
8 09-12-03 1000 < .2 e 6 24 e .4 2.58 17.1 30.4 440
9 09-16-03 1300 .3 < 8 24.8 < .4 3.86 19.2 11.3 414

10 09-08-04 1000 .3 < 6 10.9 < .8 1.37 14.6 8.35 144
11 09-12-03 1100 .4 12 10.1 1.8 3.7 17.6 13.7 148
12 09-04-03 1430 .2 e 5 18.2 .4 1.25 13.9 11.4 241
13 08-02-04 1315 .3 < 6 30.7 4.6 2.91 19.7 39.7 473
14 08-28-03 1430 .4 e 7 22.1 e .3 .68 8.09 4.85 316
15 09-16-03 1100 .2 e 4 22.9 e .3 1.33 13.1 8.64 256
16 07-20-04 1200 .2 < 6 23.2 < 4.8 .9 9.34 6.95 259
17 07-29-04 1300 1.2 e 3 64.2 e .6 1.52 13.6 48 778
18 07-20-04 0930 .2 < 6 12.6 < .8 1.39 10.9 8.38 151
19 07-28-04 1245 .2 < 6 20.6 < .8 1.19 10.5 13.2 256
20 08-12-04 1300 .4 < 6 40.5 e .6 4.05 17 23.8 409
21 08-16-04 1200 .3 109 35.7 125 1.89 14.3 34.7 457
22 08-11-04 1300 .3 1,690 36.6 233 1.93 12.9 35.2 491
23 07-29-04 1045 .4 < 6 23.3 < .8 1 11 13.7 268
24 07-30-04 1245 .2 e 4 35.4 < .8 2.3 10.9 19.9 393
25 07-21-04 1400 .4 340 18.9 30 2.17 13.1 10.4 228
26 07-21-04 1330 .2 2,400 34.2 317 1.06 12.5 21.5 439
27 08-17-04 1100 .2 e 6 25 < .8 1.73 17.7 16.6 319
28 04-22-04 1500 .3 < 6 8.69 9.5 1.45 14.7 23.9 167
29 04-23-04 1200 .2 24 27.6 5.9 5.87 20.4 18 314
30 08-13-04 1200 .2 < 6 23.9 < .8 4.53 20.7 18.2 332
31 08-16-04 1000 .2 e 4 16.8 < .8 1.83 10.9 12.6 249
32 08-24-04 1100 .2 e 3 18.9 < .8 2.49 14.2 10.9 309
33 09-08-04 1400 .3 684 23.8 72 2.92 20.5 15.9 312
34 09-09-04 1200 .3 649 23.6 81 2.86 20.4 17.1 304
35 07-27-05 1530 — — — — — — — —
36a 08-06-05 1400 — — — — — — — —
36b 08-10-05 0700 — — — — — — — —
36c 08-11-05 0840 — — — — — — — —
36d 08-12-05 2130 — — — — — — — —
36e 08-14-05 0215 — — — — — — — —

Table 20. Physical properties and concentration of dissolved ions in ground water, northern Utah Valley, Utah, 2003–05—Continued.

[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Abbreviations: mm Hg, millimeters of mercury; °C, degrees Celsius; µS/
cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; µg/L, micrograms per liter; —, not analyzed; <, less than; e, estimated]
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Sample 
identifier

Sample 
date

Sample
time

Sulfate
(mg/L as SO4)

Ammonia
(mg/L as N)

Nitrate + 
nitrite

(mg/L as N)

Nitrite
(mg/L as N)

Ortho-
phosphate
(mg/L as P)

Phos-
phorus

(mg/L as P)

Ammonia 
+ organic 
nitrogen

(mg/L as N)

Total nitro-
gen

(mg/L as N)

1 06-04-03 1300 228 < 0.04 0.09 < 0.008 < 0.02 — < 0.1 —
2 08-11-04 1100 77.9 < .04 2.02 < .008 e .005 0.005 — 2.05
3 11-13-03 1130 438 .1 < .06 < .008 < .006 — — .11
4 05-12-03 1300 .3 .22 < .06 < .008 .03 — .24 —
5 08-20-03 1500 26.2 < .04 2.45 < .008 e .01 — e .05 —
6 07-27-04 1045 10.5 < .04 .44 < .008 .006 — — .49
7 09-04-03 1100 11.4 < .04 .73 < .008 e .01 — < .1 —
8 09-12-03 1000 77.9 < .04 .99 < .008 < .18 — e .05 —
9 09-16-03 1300 49.8 < .04 4.14 < .008 < .18 — .12 —

10 09-08-04 1000 7 < .04 .72 < .008 .009 .01 — .71
11 09-12-03 1100 5.3 < .04 .13 < .008 e .01 — < .1 —
12 09-04-03 1430 36.4 < .04 1.22 < .008 < .02 — < .1 —
13 08-02-04 1315 102 e .03 .07 < .008 .009 — — .1
14 08-28-03 1430 92.8 < .04 .15 < .008 < .02 — < .1 —
15 09-16-03 1100 32.4 < .04 .53 < .008 < .18 — < .1 —
16 07-20-04 1200 60.2 < .04 .56 < .008 < .006 — — .56
17 07-29-04 1300 251 < .04 4.36 < .008 < .006 — — 4.29
18 07-20-04 0930 12.7 < .04 1.65 < .008 e .005 — — 1.75
19 07-28-04 1245 48 < .04 1.56 < .008 < .006 — — 1.66
20 08-12-04 1300 72.6 < .04 1.6 < .008 < .006 e .003 — 1.62
21 08-16-04 1200 133 < .04 1.48 < .008 e .003 < .004 — 1.42
22 08-11-04 1300 135 e .04 < .06 < .008 .007 .01 — .06
23 07-29-04 1045 52.7 < .04 .76 < .008 e .004 — — .78
24 07-30-04 1245 74.5 < .04 2.7 < .008 e .003 — — 2.66
25 07-21-04 1400 28.4 1.08 < .06 < .008 .053 — — 1.14
26 07-21-04 1330 108 .09 < .06 e .004 .006 — — .08
27 08-17-04 1100 53.3 < .04 1.21 < .008 .011 .013 — 1.18
28 04-22-04 1500 6.6 < .04 .16 < .008 .013 .014 — .17
29 04-23-04 1200 57.2 < .04 1.77 < .008 .023 .027 — 1.81
30 08-13-04 1200 62.4 < .04 .56 < .008 .031 .036 — .56
31 08-16-04 1000 38.9 < .04 .53 < .008 .006 .009 — .52
32 08-24-04 1100 66.7 < .04 .44 < .008 .008 — — .44
33 09-08-04 1400 43.9 .26 < .06 < .008 .023 .013 — .28
34 09-09-04 1200 38.4 .32 < .06 < .008 .031 .041 — .33
35 07-27-05 1530 — — — — — — — —
36a 08-06-05 1400 — — — — — — — —
36b 08-10-05 0700 — — — — — — — —
36c 08-11-05 0840 — — — — — — — —
36d 08-12-05 2130 — — — — — — — —
36e 08-14-05 0215 — — — — — — — —

Table 20. Physical properties and concentration of dissolved ions in ground water, northern Utah Valley, Utah, 2003–05—Continued.

[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Abbreviations: mm Hg, millimeters of mercury; °C, degrees Celsius; µS/
cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; µg/L, micrograms per liter; —, not analyzed; <, less than; e, estimated]
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solids concentration in water from wells completed in the PLB 
and DP aquifers combined ranged from 228 to 440 mg/L with 
a median value of 259 mg/L. Samples collected from wells in 
the deep QT aquifer had the lowest median dissolved-solids 
concentration of 151 mg/L and ranged from 144 to 303 mg/L. 
Generally, samples from the QT aquifer also exhibit a slightly 
different water type than samples collected from the SP, DP, 
and PLB aquifers, where the percentage of sulfate is generally 
less than 10 percent of the anion composition (fig. 36).

Nitrate in ground water can be an indicator of human 
activities including but not limited to agriculture, stock yards, 
and urbanization. Natural background levels of nitrate in 
ground water are generally considered to be at or less than 
about 3 mg/L (Hem, 1992). Values above the background level 
may indicate that a local recharge source affected by human 
activities is contributing to sampled water. Nitrate is reported 
as dissolved nitrate plus nitrite in this report, but because 
nitrite was detected in only one sample and at an order of mag-
nitude less than the laboratory reporting limit for nitrate, the 
measured nitrate plus nitrite concentrations will be referred to 
as nitrate in this report.

The median value for nitrate concentrations was 0.56 
mg/L for ground water sampled in northern Utah Valley (fig. 
38) indicating that most of the samples were not influenced by 
recent human activities at the land surface. Only two samples, 
sample 9 and sample 17, had detections near or above the nat-
ural background level, 4.14 and 4.36 mg/L, respectively (table 
20). Sample 9 was collected from a shallow spring system on 
the Highland Bench supplied by a perched zone above the SP 
aquifer. The spring system is located near Dry Creek and in 
an area typically used for agriculture and grazing. Sample 8 
was collected from a well finished in the DP aquifer at a depth 
of 214 ft that underlies the perched zone contributing water 
to the spring that sample 9 was collected from. Sample 8 had 
a nitrate concentration of 0.99 mg/L. The low concentration 
compared to the spring indicates that the perched water is not 
contributing to the underlying DP aquifer in this area. Because 
of the higher nitrate concentration, at least a portion of the 
recharge water to the spring is likely a mixture of seepage 
from Dry Creek to the perched basin-fill aquifer and seepage 
from irrigation return flows within the agricultural and grazed 
lands adjacent to and upgradient of the well. Sample 17, as 
discussed previously, is likely affected by surficial activi-
ties and not representative of regional characteristics, but the 
higher nitrate values may indicate that localized recharge to 
the basin-fill aquifers is occurring.

Historical Data
Specific-conductance and dissolved-solids data for 

ground water sampled in northern Utah Valley were pulled 
from the USGS National Water Information System (NWIS) 
database (U.S. Geological Survey, 2006) and from the Utah 
Division of Drinking Water database (Utah Division of Drink-
ing Water, written commun., 2005). Values for samples col-
lected during 1980–82 and 2004–05 were compared to evalu-
ate the effects of changing land use and increased pumping 
on changes in water chemistry between the two study periods 
(table 21). Samples from each database generally included 
values for both specific conductance and dissolved-solids 
concentration, but some samples only had measured values 
for one property or the other. In order to increase the number 
of samples for analysis for either property, regression analysis 
was done on all of the samples, regardless of sample date, with 
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aquifers in northern Utah Valley, Utah, 2003–05.



72  Hydrology of Northern Utah Valley, Utah County, Utah, 1975–2005

x

x

NI
TR

AT
E 

PL
US

 N
IT

RI
TE

 (A
S 

NI
TR

OG
EN

) C
ON

CE
NT

RA
TI

ON
, IN

 M
IL

LI
GR

AM
S 

PE
R 

LI
TE

R

0

5

1

2

4

3

Sample 9

Sample 17

Median =
0.56

34

Number of values
EXPLANATION

Largest data value within 1.5 times the IQR above the box
75th percentile
Median (50th percentile)
25th percentile
Largest data value within 1.5 times the IQR below the box
Data value less than 1.5 times the IQR outside the box

Data value greater than 1.5 times the IQR outside the box
34
x

x

Interquartile Range (IQR)

Figure 38. Dissolved nitrate plus nitrite concentration in ground 
water sampled in northern Utah Valley, Utah, 2003–04.

measured values of both specific conductance and dissolved 
solids to develop the linear equation 4 (fig. 39):

 SC = 1.5938 x DS + 21.841 (4)

where
 SC is specific conductance (µS/cm),
and
 DS is dissolved-solids concentration (mg/L).

Ground-water quality in the principal basin-fill aquifer, as 
determined from specific-conductance values and dissolved-
solids concentrations, has remained fairly consistent in north-
ern Utah Valley since the Clark and Appel study (1985) for 
1980–82, with no significant increase or decrease in specific-
conductance or dissolved-solids concentration detected from 
the samples analyzed (fig. 40). Of 22 wells sampled for 
specific conductance or dissolved solids during 1980–82 and 
2004–05, four water samples had an increase of more than 
12.5 percent (one standard deviation) in specific-conductance 
value and three water samples had an increase in dissolved-
solids concentration of more than 15 percent (one standard 
deviation) from the previous study (table 21). The increase in a 
few wells indicates that varying aquifer conditions may occur 
on a local scale. The detected increases still remain well below 
established drinking-water standards.

Stable Isotopes

The stable isotopes of water, including deuterium (2H or 
D) and oxygen-18 (18O), can be used as indicators of recharge 
sources to an aquifer. Isotope compositions in water vapor, 
rain, and snow vary with altitude. The heavier isotopes D and 
18O are less abundant than the lighter isotopes hydrogen (H) 
and oxygen-16 (16O) at higher altitudes. As altitude decreases, 
the relative abundance of the heavier isotopes increases. 
Evaporation of surface water that may become recharge often 
occurs at lower altitudes and may alter the isotope ratio by 
depleting water of the lighter isotope. The resulting recharge 
water has a heavier isotopic signature that can be an indication 
of the recharge source by correlating the isotopic ratios with 
altitude or known surface-water compositions. Stable-isotope 
ratios are reported as delta (δ) values expressed as parts per 
thousand or permil (‰). The δ value is determined by:

	 δ = (R
sample

 / R
standard

 –1) x 1000 ‰ (5)

where 
 R

sample
 represents the isotopic ratio (either 2H/1H or 

18O/16O) of the sample,
and
 R

standard
 is the isotope ratio of VSMOW (Vienna 

Standard Mean Ocean Water). 

The isotope signature is conservative once the recharge water 
reaches the water table. The correlation of δD and δ18O in 
water is often defined by the global meteoric water line with 
the equation δD = 8 x δ18O + 10 (Craig, 1961). Local varia-
tions to this line occur in response to physical location, topog-
raphy, and evaporation.

δD and δ18O isotope values for water samples col-
lected from wells and springs in northern Utah Valley ranged 
from -118 to -127 permil and from -15.86 to -17.00 permil, 
respectively (table 22). Values generally trend with the global 
meteoric water line (fig. 41) and cluster together in a fairly 
narrow band along the line, indicating that the recharge source 
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Table 21. Specific conductance and dissolved-solids concentration of water from wells sampled in northern Utah Valley, Utah, 1980–82 
and 2004–05.
[Well identifier: see front of report for an explanation of the well-numbering system used in Utah. Notes: S, State of Utah database; 1, specific conductance 
calculated from dissolved-solids concentration; 2, dissolved-solids concentration calculated from specific conductance; U, U.S. Geological Survey database. 
Abbreviations: µS/cm, microsiemens per centimeter; mg/L, milligrams per liter]

Well identifier

1980 to 1982 2004 to 2005 Specific
conductance 

(percent
difference)

Dissolved-solids 
concentration
(percent differ-

ence)

Specific
conductance

(µS/cm)

Dissolved-solids 
concentration

(mg/L)
Notes

Specific
conductance

(µS/cm)

Dissolved-solids 
concentration

(mg/L)
Notes

(C-5-1)12dcc-1 840 501 S 750 446 U -10.7 -11.0
(D-4-1)36ddd-1 490 269 U 477 296 U, 1 -2.7 10.0
(D-4-2)31bda-1 365 194 U 495 308 S, 1 35.5 58.8
(D-5-1)1cdc-1 490 282 S 443 270 U -9.6 -4.3
(D-5-1)14bdc-1 260 139 U 248 151 U -4.6 8.6
(D-5-1)17adc-12 245 137 S, 2 248 139 U, 2 1.2 1.4
(D-5-1)19bcb-2 240 134 U, 2 250 140 U, 2 4.2 4.5
(D-5-1)20aba-1 260 148 U 293 167 U, 2 12.7 12.6
(D-5-1)21dda-2 400 222 U 405 235 U, 2 1.3 5.9
(D-5-1)27daa-1 620 484 U 750 446 U 21.0 -7.9
(D-5-2)27baa-1 560 309 U 484 281 U -13.6 -9.1
(D-5-2)30ccb-2 800 477 S, 2 820 489 U, 2 2.5 2.6
(D-5-2)32bdb-2 630 373 U, 2 630 373 U, 2 0 0
(D-5-2)32bdb-3 390 226 U, 2 432 252 U, 2 10.8 11.4
(D-6-2)6acc-1 780 439 U 730 434 U, 2 -6.4 -1.2
(D-6-2)9dab-1 450 284 U 477 296 S, 1 6.0 4.2
(D-6-2)13cab-1 385 238 U 492 306 S, 1 27.7 28.6
(D-6-2)14bcd-1 460 263 U 525 312 U 14.1 18.6
(D-6-2)24caa-1 500 287 S 480 294 U -4.0 2.4
(D-6-2)25bcb-1 390 243 U 400 244 S, 1 2.5 .4
(D-6-2)25dca-1 515 320 S 516 322 S, 1 .1 .6
(D-7-2)4cbb-2 580 324 U 530 321 U -8.6 -.9

is isotopically similar for most of the sampled wells. Histori-
cal samples of snow collected in the Wasatch Mountains have 
ratios slightly more depleted in the heavy isotope (lighter) than 
ground-water samples collected for this study. Samples from 
irrigation canals in Salt Lake Valley, supplied with evaporated 
water from Utah Lake, are heavier (less negative) (fig. 41) than 
ground water sampled from northern Utah Valley, where the 
majority of sources to ground water are either MBI (mountain 
block subsurface inflow) or seepage from streams and irri-
gation canals near the mountain front. Stable-isotope ratios 
indicate that for ground water sampled on the eastern side of 
the valley, nearly all of the recharge is derived from mountain 
precipitation that has not been exposed to prolonged periods 
of evaporation. However, a limitation of the stable-isotope 
tracers is that they are incapable of distinguishing between 
(1) mountain precipitation that recharged the valley aquifers 
as MBI and (2) seepage of water from streams and canals that 
also originated as mountain precipitation.

Most of the lightest isotopic ratios (fig. 41) were for 
ground water sampled from relatively deep wells completed in 
bedrock (samples 1 and 4), the QT aquifer (samples 7 and 28), 
or the PLB aquifer (sample 6). Light isotopic ratios represen-
tative of high-altitude mountain precipitation also were present 
in water sampled from shallower wells east of Utah Lake 

completed in the DP aquifer (samples 25 and 34) and the SP 
aquifer (sample 33). Water from all of the wells located near 
the front of the Wasatch Mountains (samples 14, 15, 17, 23, 
and 31) had δ18O and δD values that plotted higher (less nega-
tive) on the meteoric water line. This is indicative of lower 
altitude MBI or mountain-front recharge to these wells.

Sample 3, collected from a 110-ft deep well completed 
in basin-fill deposits west of Utah Lake, also had a relatively 
light isotopic ratio. Although the δD value for water from 
this well was similar to that of sample 1 collected from a well 
completed in limestone in the Cedar Pass area, the δ18O value 
was slightly more enriched, similar to samples collected from 
thermal springs in and around Utah Lake to the south (Baskin 
and others, 1994). The source of ground water from this well 
is not known.

Sample 2 plots relatively far off of the global meteoric 
line and is more enriched in δ18O relative to δD than other 
samples (fig. 41 inset), indicating an evaporated source of 
recharge water. Sample 2 was collected from a 253-ft deep 
well on the west side of the Jordan River that is completed in 
the WU aquifer. To the west of the well, upgradient hydrau-
lically, are the unlined Jacob and Utah Lake Distribution 
Canals, which branch from the Provo Reservoir Canal in 
northern Utah Valley. The irrigation canals also convey water 
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Table 22. Stable-isotope, dissolved-gas, and recharge-temperature data for ground water sampled in northern Utah Valley, Utah, 
2003–05.
[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Contributing aquifer: B, bedrock; LB, Lake Bonneville; PLB, pre-Lake 
Bonneville; SP, shallow Pleistocene; DP, deep Pleistocene; QT, Quaternary/Tertiary; WU, Western unconsolidated. Dissolved-gas sample method: CT, copper 
tube; DS, diffusion sampler. Abbreviations: ccSTP/g, cubic centimeters at standard temperature and pressure per gram of water; °C, degrees Celsius; NC, not 
calculated; —, not analyzed]

Sample 
identi-

fier

Contributing 
aquifer(s)

Sample
date

Well
depth
(feet)

Delta
deuterium 

(permil)

Delta oxy-
gen-18 

(permil)

Dissolved-
gas sample 

method

Helium-4 
(4He)

(ccSTP/g)

Neon-20 
(20Ne)

(ccSTP/g)

Argon-40 
(40Ar)

(ccSTP/g)

Krypton-84
(84Kr)

(ccSTP/g)

Nitrogen
(N2) 

(ccSTP/g)

Xenon-129
(129Xe) 

(ccSTP/g)

11 B 06-2003 980 -125 -16.42 CT 1.25E-06 1.59E-07 2.94E-04 7.87E-08 1.33E-02 —
2 WU 08-2004 253 -124 -15.90 — — — — — — —

03-2005 — — — CT 6.51E-08 1.58E-07 3.01E-04 4.34E-08 1.25E-02 —
13 WU 11-2003 110 -125 -16.36 CT 1.10E-05 1.41E-07 2.67E-04 3.68E-08 1.29E-02 —
4 B 05-2003 1,030 -127 -16.98 CT 2.34E-07 1.70E-07 3.10E-04 4.25E-08 1.30E-02 —
5 PLB 08-2003 601 -120 -16.34 DS 1.32E-07 4.81E-07 5.39E-04 5.94E-08 2.88E-02 —
6 PLB 07-2004 1,557 -126 -16.59 CT 6.46E-08 1.93E-07 3.35E-04 4.53E-08 1.50E-02 —
7 QT 09-2003 904 -127 -16.75 DS 8.12E-08 2.15E-07 3.62E-04 4.86E-08 1.52E-02 —
8 DP 09-2003 221 -120 -16.30 CT 6.26E-08 2.38E-07 4.01E-04 4.99E-08 2.09E-02 —
9 LB 09-2003 — -119 -15.95 DS 4.53E-08 1.80E-07 3.69E-04 5.03E-08 1.42E-02 —

10 QT 09-2004 500 -124 -16.70 DS 6.89E-08 2.46E-07 4.24E-04 5.80E-08 1.83E-02 —
11 QT 09-2003 331 -122 -16.87 DS 7.39E-08 2.41E-07 4.00E-04 5.27E-08 1.77E-02 —
12 DP 09-2003 144 -122 -16.53 DS 8.05E-08 2.63E-07 4.31E-04 5.31E-08 1.91E-02 —
13 SP, DP, QT 08-2004 535 -124 -16.72 DS 2.40E-06 1.95E-07 3.65E-04 4.81E-08 1.56E-02 —
14 PLB 08-2003 655 -122 -16.56 DS 6.26E-08 2.26E-07 3.89E-04 5.16E-08 1.55E-02 —
15 PLB 09-2003 1,496 -122 -16.49 CT 7.46E-08 2.54E-07 4.04E-04 4.50E-08 1.42E-02 —
16 DP 07-2004 500 -121 -16.57 DS 8.45E-08 3.01E-07 4.51E-04 5.45E-08 1.98E-02 —
17 PLB 08-2004 500 -121 -16.21 CT 7.52E-08 1.87E-07 2.30E-04 2.63E-08 1.47E-02 —

118 QT 07-2004 910 -122 -16.59 CT 7.59E-08 2.64E-07 4.35E-04 4.94E-08 2.06E-02 —
19 DP 07-2004 182 -120 -16.46 — — — — — — —

01-2005 — — — DS 8.87E-08 3.18E-07 4.63E-04 5.34E-08 2.20E-02 —
20 SP 08-2004 — -120 -15.86 — — — — — — —

01-2005 — — — DS 5.15E-08 1.98E-07 4.05E-04 4.96E-08 1.56E-02 —
21 SP, DP 08-2004 200 -122 -16.40 — — — — — — —

01-2005 — — — DS 6.38E-08 2.31E-07 3.92E-04 4.80E-08 1.88E-02 —
22 SP 08-2004 118 -122 -16.44 DS 5.75E-08 2.06E-07 3.83E-04 4.94E-08 1.86E-02 —
23 B 07-2004 580 -121 -16.44 DS 2.80E-07 5.82E-07 6.32E-04 6.38E-08 3.49E-02 —
24 PLB 07-2004 410 -118 -15.87 CT 5.88E-08 2.07E-07 3.71E-04 4.67E-08 1.57E-02 —
25 DP 07-2004 334 -125 -17.00 DS 6.86E-08 2.17E-07 3.91E-04 5.03E-08 1.68E-02 —
26 SP 07-2004 171 -120 -16.24 DS 7.08E-08 2.57E-07 4.00E-04 4.88E-08 1.85E-02 —
27 DP 08-2004 650 -123 -16.52 CT 2.71E-06 2.14E-07 3.59E-04 4.48E-08 1.50E-02 —
28 QT 04-2004 1,190 -125 -16.88 DS 2.41E-06 2.12E-07 3.48E-04 4.59E-08 1.55E-02 —
29 SP 04-2004 123 -121 -16.07 DS 1.14E-06 2.28E-07 3.90E-04 4.75E-08 1.69E-02 —

130 SP 08-2004 — -122 -16.40 DS 1.54E-07 1.72E-07 4.69E-04 5.81E-08 1.65E-02 —
31 PLB 08-2004 469 -119 -16.05 DS 5.32E-08 1.82E-07 3.60E-04 4.85E-08 1.37E-02 —

232 SP 08-2004 248 -120 -15.98 CT — — — — — —
33 SP 09-2004 144 -125 -16.58 DS 3.07E-07 1.94E-07 3.96E-04 4.96E-08 1.56E-02 —
34 DP 09-2004 250 -125 -16.63 DS 4.28E-07 2.17E-07 3.84E-04 4.66E-08 1.69E-02 —
35 SP, DP, QT, 

B
07-2005 1,200 — — CT 7.96E-06 2.34E-07 3.38E-04 5.01E-08 1.61E-02 7.28E-09

36a QT 08-2005 1,600 — — CT 7.54E-08 2.13E-07 3.59E-04 5.20E-08 1.57E-02 4.62E-09
336b QT 08-2005 1,600 — — CT 1.60E-07 2.27E-07 3.53E-04 4.69E-08 1.74E-02 4.18E-09
336c QT 08-2005 1,600 — — CT 1.85E-07 2.23E-07 3.47E-04 4.55E-08 1.63E-02 4.31E-09

2, 336d QT 08-2005 1,600 — — CT — — — — — —
36e QT 08-2005 1,600 — — CT 6.70E-07 2.04E-07 3.70E-04 4.88E-08 1.60E-02 4.53E-09
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Table 22. Stable-isotope, dissolved-gas, and recharge-temperature data for ground water sampled in northern Utah Valley, Utah, 
2003–05—Continued.
[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Contributing aquifer: B, bedrock; LB, Lake Bonneville; PLB, pre-Lake 
Bonneville; SP, shallow Pleistocene; DP, deep Pleistocene; QT, Quaternary/Tertiary; WU; Western unconsolidated. Dissolved-gas sample method: CT, copper 
tube; DS, diffusion sampler. Abbreviations: ccSTP/g, cubic centimeters at standard temperature and pressure per gram of water; NC, not calculated; °C, degrees 
Celsius; µg/L, micrograms per liter; —, not analyzed]

Sample 
identifier

Contributing 
aquifer(s)

Sample
date

Well depth 
(feet)

Maximum 
recharge 

temperature 
(°C)

Minimum 
excess air 

concen-
tration 

(ccSTP/g)

Minimum 
recharge 
altitude 

(feet)

Minimum 
mountain-

block 
recharge 
fraction

Probable 
recharge 

temperature 
(°C)

Probable 
excess air 

concen-
tration 

(ccSTP/g)

Probable 
recharge 
altitude 

(feet)

Probable 
mountain-

block 
recharge 
fraction

11 B 06-2003 980 NC NC NC NC NC NC NC NC
2 WU 08-2004 253 — — — — — — — —

03-2005 — 10.8 0.1833 4,665 0.20 10.6 0.1842 5,085 0.29
13 WU 11-2003 110 NC NC NC NC NC NC NC NC
4 B 05-2003 1,030 12.5 .0012 4,600 .05 12.1 .0012 4,921 .12
5 PLB 08-2003 601 6.2 .0041 4,980 .62 4.4 .0044 6,529 1.00
6 PLB 07-2004 1,557 10.4 .0039 4,852 .24 9.7 .0041 5,446 .42
7 QT 09-2003 904 8.7 .0036 4,701 .40 6.0 .0041 6,824 .87
8 DP 09-2003 221 9.2 .0173 4,715 .35 7.6 .0183 6,234 .67
9 LB 09-2003 — 5.5 .0012 4,921 .68 1.2 .0023 8,661 1.00

10 QT 09-2004 500 3.2 .0049 4,554 .89 0.2 .0052 6,562 1.00
11 QT 09-2003 331 5.8 .0060 4,921 .66 1.7 .0071 8,530 1.00
12 DP 09-2003 144 8.0 .0204 4,659 .45 5.4 .0204 7,087 .96
13 SP, DP, QT 08-2004 535 8.7 .0140 4,593 .39 6.6 .0145 6,627 .80
14 PLB 08-2003 655 8.7 .0247 4,888 .39 5.0 .0258 8,202 1.00
15 PLB 09-2003 1,496 9.4 .0062 4,993 .33 8.0 .0065 6,069 .62
16 DP 07-2004 500 6.1 .0120 4,856 .63 2.1 .0127 8,333 1.00
17 PLB 08-2004 500 10.6 .0085 4,816 .21 10.0 .0086 5,315 .37

118 QT 07-2004 910 NC NC NC NC NC NC NC NC
19 DP 07-2004,  182 — — — — — — — —

01-2005 — 11.5 .0301 4,528 .14 11.1 .0302 4,921 .24
20 SP 08-2004 — — — — — — — — —

01-2005 — 10.0 .0945 4,534 .27 9.6 .0997 5,446 .42
21 SP, DP 08-2004 200 — — — — — — — —

01-2005 — 11.0 .0250 4,521 .18 10.4 .0253 5,184 .33
22 SP 08-2004 118 8.1 .0147 4,659 .45 6.1 .0163 6,627 .86
23 B 07-2004 580 14.0 .0483 5,043 0 14.0 .0483 5,043 0
24 PLB 07-2004 410 10.7 .0206 4,780 .21 10.2 .0207 5,249 .35
25 DP 07-2004 334 8.0 .0163 4,659 .46 5.4 .0165 7,087 .95
26 SP 07-2004 171 11.2 .0184 4,511 .16 10.5 .0184 5,151 .31
27 DP 08-2004 650 10.2 .0037 4,777 .25 9.2 .0039 5,643 .48
28 QT 04-2004 1,190 10.7 .0043 4,531 .21 9.5 .0046 5,512 .44
29 SP 04-2004 123 12.1 .0281 4,514 .08 11.9 .0282 4,724 .14

130 SP 08-2004 — NC NC NC NC NC NC NC NC
31 PLB 08-2004 469 9.7 .0525 4,790 .30 9.2 .0544 5,577 .47

232 SP 08-2004 248 NC NC NC NC NC NC NC NC
33 SP 09-2004 144 8.9 .0656 4,593 .37 8.0 .0700 6,135 .63
34 DP 09-2004 250 11.4 .0270 4,491 .14 11.2 .0272 4,724 .23
35 SP, DP, QT, B 07-2005 1,200 10.9 .0046 4,724 .19 10.6 .0046 4,920 .30
36a QT 08-2005 1,600 7.3 .0032 4,750 .52 2.1 .0041 9,102 1.00

336b QT 08-2005 1,600 NC NC NC NC NC NC NC NC
336c QT 08-2005 1,600 NC NC NC NC NC NC NC NC

2, 336d QT 08-2005 1,600 NC NC NC NC NC NC NC NC
36e QT 08-2005 1,600 6.8 .0033 4,750 .56 1.6 .0046 9,348 1.00

1Poor fit to closed-system equilibration model indicated by unreasonably high chi square error. This is likely the result of natural or sample collection gas 
stripping and results in artificially high recharge temperature.

2Sample analysis failed in laboratory due to high mass-spectrometer inlet pressure. Not able to recollect sample.
3Attempted to isolate interval of open borehole using packers. Isolation failed and sample was visibly contaminated with drilling fluid.
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diverted from Utah Lake, which is enriched with δ18O relative 
to δD in response to evaporation. The Jacob Canal crosses 
the primary recharge area and is a recharge source for the 
WU aquifer. The Utah Lake Distribution Canal traverses the 
secondary recharge area but may also be a recharge source to 
the principal basin-fill aquifer (WU) in response to the close 
proximity of the canals to the primary and secondary recharge-
area boundary. The canals are the likely source of evaporated 
water recharging the WU aquifer in the area. Sample 2 likely 
represents a mixture of source waters.

Dissolved-Gas Recharge Temperatures

Dissolved-gas samples were collected and analyzed 
to evaluate the ground-water recharge temperature (Tr, the 
temperature of water reaching the water table). Most noble 
gases that are dissolved in ground water originate in the 
atmosphere. As recharging water enters the aquifer it becomes 
isolated from the atmosphere and the dissolved-gas concentra-
tions become “fixed” based on their solubility relations to the 
temperature, pressure, and salinity conditions that exist at the 
water table (Aeschbach-Hertig and others, 1999; Ballentine 
and Hall, 1999; Stute and Schlosser, 2001). These gases are 
generally nonreactive along flowpaths in the subsurface; their 
dissolved concentrations measured in ground water at points 
of discharge (wells and springs) provide a record of the physi-
cal conditions (temperature and pressure) that are related to 
the altitude of the ground-water recharge location. In contrast 
to δ18O and δD, recharge temperatures can be used to directly 
evaluate the relative contribution of MBI to basin-fill aqui-
fers (Manning and Solomon, 2003). For shallow water-table 
depths, Tr is generally within about 2°C of the mean annual air 
temperature at the location of recharge (Hill, 1990; Dominico 
and Schwartz, 1998). Mean annual air temperature decreases 
by about 10.5°C per mile of altitude gained in northern Utah 
(Hely and others, 1971), thus MBI should be distinguishable 
from valley recharge by its colder Tr. Mountain-front recharge 
from losing streams in the primary recharge area of north-
ern Utah Valley must pass through a thick unsaturated zone 
(often hundreds of feet) before reaching the water table. Any 
variation in the temperature of water in the stream should be 
attenuated by the time this water crosses the water table and 
becomes recharge, meaning that mountain-front recharge from 
losing streams should also have warmer Tr than MBI regard-
less of the variation in stream temperature. 

Concentrations of dissolved nitrogen (N), argon-40 
(40Ar), krypton-84 (84Kr), and neon-20 (20Ne) were used in a 
closed system equilibration model (Aeschbach-Hertig and 
others, 2000; Kipfer and others, 2002) to calculate estimates of 
ground-water recharge temperature, excess air, and a frac-
tionation factor (related to the partial dissolution of trapped 
air bubbles). Xenon-129 (129Xe) was also measured in the five 
samples collected in the summer of 2005. The three unknown 
parameters are solved for by optimization of an over-deter-
mined system of equations that relates them to the four or five 

dissolved-gas concentrations measured in each sample. In 
order to obtain a system of four equations and three unknown 
variables, the atmospheric pressure at the recharge location 
(determined by direct correlation with altitude) must be known 
before the calculation is made. In areas of high topographic 
relief, the recharge altitude (thus pressure) is not generally 
known. Manning and Solomon (2003) present a detailed 
description of the method by which the maximum Tr (Trmax) 
and probable Tr (Trprob) were calculated for samples from wells 
in nearby Salt Lake Valley. The approach relies on determin-
ing a solution zone in recharge-altitude/recharge-temperature 
space by using valley water-table temperature measurements 
and Tr data from mountain springs with constrained recharge 
elevations. Assuming that water-table temperatures in the 
mountains and valleys of Utah County are similar to those 
in Salt Lake County, this approach was used in this study to 
determine Trmax and Trprob for water from the wells and springs 
sampled in northern Utah Valley. With this method, the uncer-
tainty in calculated values of Tr is approximately plus or minus 
1°C (Manning and Solomon, 2003).

Dissolved-gas data for water from wells and springs 
in northern Utah Valley are presented in table 22. Recharge 
temperatures were calculated for 32 of the 40 samples col-
lected. Dissolved-gas concentrations from eight of the samples 
appear to have been affected by problems related to sample 
gas loss. Degassing can occur if the dissolved-gas pressure in 
the ground water (table 20) is greater than the air pressure at 
the sampling point, resulting in gases bubbling out of solution. 
This condition was visibly verified at numerous sampling sites 
in the valley. When sampling waters with elevated dissolved-
gas pressure, it is possible to prevent the loss of gas by collect-
ing the sample in a flow-through chamber designed to apply 
sufficient back-pressure such that the gas remains in solution 
(no bubbles form). Another possible explanation for problem 
samples collected in copper tubes (samples 1, 3, and 18) is 
gas stripping. Gas stripping occurs when a small air bubble 
is trapped in the copper tube, causing gases dissolved in the 
water sample to partition to the bubble prior to laboratory 
analysis. Measured gas concentrations are artificially low in 
both of these cases and result in unreasonably high values of 
Tr (gases have reverse solubility; lower dissolved-gas concen-
trations cause a sample to have a higher calculated Tr). These 
errors are recognized when the measured gas concentrations 
do not yield a reasonable fit (low chi-squared error) to the 
closed-system equilibration model.

Excess air (atmospheric gases dissolved in ground water 
in excess of atmospheric solubility) is likely responsible for 
the atypically high dissolved-gas pressures present in many 
of the ground-water samples collected from northern Utah Val-
ley. The bedrock and primary recharge areas in northern Utah 
Valley are unconfined areas in the mountains and near the 
mountain front where the water table rises rapidly in response 
to annual recharge from spring snowmelt runoff. Under these 
conditions, air trapped in pore spaces is likely dissolved by 
increased hydrostatic pressure adding the excess-air compo-
nent of the total dissolved-gas concentration. Increased excess 
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air and the resulting increases in dissolved-gas concentrations, 
if not corrected, would result in cooler apparent Tr 

values 
rather than actual temperatures at the water table. 

Dissolved-gas samples collected during this study are 
from springs and wells that likely receive contributions from 
a mixture of ground water from a variety of flowpaths. This 
provides the opportunity to estimate the fractions of MBI 
and valley recharge contained in each sample. Minimum and 
probable fractions of MBI were determined by using Trmax 
and Trprob, respectively, as targets for simple two-component 
mixing between MBI and valley recharge (note that maximum 
recharge temperatures Trmax are used to calculate minimum 
fractions of MBI). Valley water-table temperatures, measured 
in shallow wells in Salt Lake Valley, are generally 12 to 14°C 
and mountain springs in the central Wasatch Range have Tr 
values ranging from 0 to 10°C (Manning and Solomon, 2003). 
Minimum MBI fractions were calculated assuming a tempera-
ture of 13°C for the valley recharge component and a Tr of 2°C 
for the MBI component. Probable MBI fractions were calcu-
lated assuming the same 13°C temperature for valley recharge 
and a more likely mean Tr of 5°C for the MBI component.

Maximum recharge temperatures of ground water in the 
eastern part of the valley are between 3.2 and 14°C and in 
most areas are less than 12°C (fig. 42), indicating that MBI 
constitutes a substantial fraction of ground water through-
out the valley. The lowest Trmax values (3.2 to 8.7°C) and the 
corresponding largest minimum fractions of MBI (0.39 to 
0.89, fig. 43) extend west-southwestward from the mouth of 
American Fork Canyon, across the Highland Bench, beyond 
Lehi. Samples 4 and 35 are located in the area where the Jor-
dan River flows through a gap in the Traverse Mountains and 
have warmer Tr values (12.5 and 10.9°C) and lower minimum 
MBI fractions (0.05 and 0.19) than the zone of high MBI that 
extends southwestward from the mouth of American Fork 
Canyon. The zone of high MBI can be explained by clear 
changes in bedrock geology in the mountain block adjacent to 
this area. The contact between low-permeability igneous rocks 
that make up much of the mountain block north of the Dry 
Creek drainage basin and highly-fractured and faulted quartz-
ites and limestones is north of American Fork Canyon (Hintze 
and others, 2000). South of American Fork Canyon, less-frac-
tured limestone and shale predominates in the mountain block.

South of American Fork Canyon, in the areas of Pleas-
ant Grove and Lindon, Trmax values are higher (10 to 14°C) 
(fig. 42) and minimum MBI fractions are mostly less than 
about 0.25 (fig. 43). Potentiometric contours determined from 
water levels measured in the SP aquifer (fig. 26) indicate 
somewhat convergent ground-water flow (from the north and 
south) in this area indicating that, on the whole, less recharge 
is occurring here. Although it is possible that a larger fraction 
of ground water in the Pleasant Grove/Lindon area originates 
from valley sources such as stream seepage and canal loss 
close to the mountain front, the areal extent of the primary 
recharge area is locally small here, and infiltration of uncon-
sumed irrigation water is assumed to be negligible. Estimates 
of seepage from Battle and Grove Creeks combined with 

loss from the Provo Reservoir Canal along this stretch do not 
amount to more than an estimated 5,000 acre-ft/yr. Estimates 
of MBI along this stretch of the mountain front range from 
7,300 acre-ft/yr determined from the net-infiltration model 
(table 12) to 21,700 acre-ft/yr determined from hydraulic 
gradients in the area (Clark and Appel, 1985, table 8; also see 
“Tritium and Apparent Ground-Water Age” section of this 
report). These estimates imply that MBI in this area should 
constitute as large a fraction to the total recharge as it does 
to the north near the mouth of American Fork Canyon. One 
explanation for this discrepancy is that Tr is warmer in the 
mountain block here than in the drainage basins to the north. 
This could be the result of more MBI occurring at lower alti-
tudes where Tr is warmer, such that using 2°C for the MBI end 
member in the mixing calculations underestimates the mini-
mum fraction of MBI in these samples. An isolated, shallow-
sloped basin (Sagebrush Flat) exists in the mountains east 
of the Pleasant Grove area (below the west slope of Mount 
Timpanogos) that is likely the source of MBI to this part of the 
valley. Much of this basin is at an altitude of 6,500 to 7,500 ft, 
where Tr is probably between 6 and 8°C. The minimum MBI 
fraction throughout the central part of northern Utah Valley 
should be considered to be at the extreme low end of the pos-
sible range. 

Dissolved-gas data generally indicate that water in the 
QT aquifer throughout northern Utah Valley is nearly all 
derived from MBI and that mixing with recharge from the 
Sagebrush Flat area likely accounts for the apparent low MBI 
fraction in the Geneva area wells. Cooler Trmax values exist in 
two wells (samples 31 and 33) located along the Provo River, 
indicating a larger fraction of MBI downstream from the 
mouth of Provo Canyon. Minimum MBI fractions for samples 
31 and 33 are 0.30 and 0.37, respectively, while sample 34 
had a minimum MBI fraction of only 0.14. Sample 34 was 
collected from a 235-ft-deep flowing well open to the DP 
aquifer that is located just south of and on the opposite side 
of the Provo River from the well that sample 33 was col-
lected from, which is open to the SP aquifer from 136 to 144 
ft below land surface. When two wells are located in close 
proximity, water in the deeper well is generally expected to 
have originated from farther away and from a higher altitude 
in the ground-water flow system. Recharge that originated at 
higher altitude should have a colder Tr; yet sample 34 (from a 
well completed in the deeper aquifer) has a warmer Trmax and 
a lower MBI fraction. Both of these wells are located near the 
terminal end of the basin-fill ground-water flow system where 
flowpaths converge toward points of discharge. The differing 
Trmax values (8.9 and 11.4°C) and MBI fractions may reflect 
the heterogeneity that exists in sources of water (fractions of 
MBI versus valley recharge) along the mountain front. Analy-
sis of stable isotope and major-ion chemistry data is incapable 
of distinguishing between source waters in this area because 
nearly all of the ground water originated as precipitation over 
the Wasatch Mountains (yielding similar δD and δ18O values 
for MBI and stream seepage that occurs at the mountain front) 
and traveled through similar bedrock and sediment (resulting 
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in similar major-ion chemical signatures). Dissolved-gas data, 
however, indicate that the shallower SP aquifer north of the 
Provo River contains a higher fraction of MBI than the deeper 
DP aquifer south of the river. 

Other ground-water samples collected near Utah Lake 
(samples 21, 25, 26, 28, and 29) show a pattern of warmer Tr 
values in wells that are open at shallower depths. This pat-
tern is expected because recharge from higher in the moun-
tain block would take the longer and deeper flowpath toward 
the natural discharge point in the basin (fig. 3). Samples 25 
and 26 were collected from adjacent wells completed in the 
DP and SP aquifers, respectively. The water level measured 
in the DP aquifer well was more than 1 ft higher than that 
of the SP aquifer well in March 2004, indicating an upward 
gradient between the aquifers in this area. This also occurs in 
other wells that are near each other but completed in differ-
ent aquifers (samples 21 and 22, samples 28 and 29). The SP 
aquifer may receive a mixture of water with colder Tr from the 
deeper confined basin-fill aquifers and water with warmer Tr 
that originated as recharge in the valley.

Recharge temperature was only calculated for water 
from one location (sample 2) west of the Jordan River. Stable 
isotope data indicate that this well likely contains some evapo-
rated recharge from canal seepage. The Trmax of 10.8°C and 
minimum MBI fraction of 0.20 from this sample are consistent 
with the source of this water being a mixture of lower-altitude 
MBI from the western Traverse Mountains (greater than 6,000 
ft in altitude) and seepage from irrigated fields and irrigation 
canals located upgradient of the well. 

 Two samples near the Jordan Narrows (samples 4 and 
35) were collected from wells open to fractured bedrock at 
more than 1,000 ft below land surface. Stable-isotope values 
of water in sample 4 are the lightest of any analyzed for this 
study (δD and δ18O equal -127 and -16.98, respectively), 
indicating that higher-altitude MBI is the source of water to 
these wells. However, the Trmax values (12.5 and 10.9°C) are 
higher than expected for higher-altitude MBI. The relatively 
warm Tr values could be the result of a deep mountain water 
table in the MBI source area or of precipitation that falls very 
high in the mountain block but then runs off during snowmelt 
and recharges the bedrock at a lower altitude. Deep water-
table temperatures should be controlled more by the local 
geothermal gradient than by the mean annual air temperature 
and anomalously high geothermal gradients (45 to more than 
500°C per kilometer) that have been observed in boreholes 
near this area (Blackett and Wakefield, 2004, fig. 1). Both of 
these samples contain elevated concentrations of terrigenic 
helium-4 (4He) (more than about 5x10-8 ccSTP/g; see “Tritium 
and Apparent Ground-Water Age” section of this report). Ter-
rigenic 4He originates from the radioactive decay of naturally 
occurring uranium- and thorium-series elements in aquifer 
solids and has been used to date ground water that is 1,000 to 
1,000,000 years old (Solomon and Cook, 2000). Although pre-
cise dating of ground water by using terrigenic 4He is beyond 
the scope of this study, concentrations in these samples likely 
have a minimum age of thousands of years. On the basis of 

these data, water from these bedrock wells may be older than 
water from basin-fill wells even though the dissolved-gas tem-
perature was not very cool. Recharge to the bedrock aquifer 
near the Jordan Narrows may have occurred in an area of the 
surrounding Traverse Mountains where the water table is deep, 
causing dissolved-gas recharge temperatures to be warm, at 
a time in the past when the climate was cooler, resulting in a 
more-depleted isotopic signature and elevated 4He.

Dissolved-gas recharge temperature data throughout 
northern Utah Valley generally support the conceptual model 
and highlight the complexities of recharge patterns in different 
parts of the valley. Minimum MBI fractions agree well with 
patterns of previous MBI estimates (Clark and Appel, 1985, 
table 8 and fig. 9), showing the highest MBI contributions to 
the basin-fill aquifers occurring downstream from the mouths 
of American Fork and Provo Canyons. These data also show 
that MBI constitutes a large fraction of the total source of 
water to the basin-fill aquifers.

Tritium and Apparent Ground-Water Age
Tritium (3H) is a radioactive isotope of hydrogen that 

decays to tritiogenic helium-3 (3Hetrit) with a half-life of 12.3 
years. Tritium is produced in the upper atmosphere and occurs 
naturally in precipitation at concentrations of less than about 8 
tritium units (TU) in northern Utah. Testing of above-ground 
thermonuclear weapons in the 1950s and 1960s was the source 
for 3H concentrations in precipitation that peaked at more than 
1,000 TU in the northern hemisphere. The ratio of 3H to 3He

trit
 

yields the apparent age (time since recharge occurred) of a 
ground-water sample according to the following equation:

 
t = λ –1 ln(3Hetrit / 3H + 1) (6)

where:
 t is the apparent age in years, 
and
 λ is the 3H decay constant of 0.0563 per year.

The 3H/3He method, used to date water younger than about 50 
years, is explained in detail by Solomon and Cook (2000).

The age derived from equation (6) is affected by mixing 
of waters with different ages and for that reason is referred to 
as the “apparent age” of a sample. Note that a sample con-
taining a mixture of modern and pre-modern water (where 
“modern” refers to recharge that occurred during or after the 
period of above-ground nuclear testing and “pre-modern” 
refers to recharge occurring before that time) will always 
appear to have the age of the young fraction because dilution 
with pre-modern water will leave the ratio of 3H to

 
3Hetrit virtu-

ally unchanged.
3H/3He age data for water from wells and springs in 

northern Utah valley are presented in table 23. The 3Hetrit 
concentration was determined from dissolved-gas samples 
collected at the same sites and apparent 3H/3He ages were 
calculated by using the probable recharge temperature and 
altitude listed in table 22. Uncertainty in the apparent age 
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Table 23. Tritium/helium-3 age data for ground water sampled in northern Utah Valley, Utah, 2003–05.

[Sample identifier: see figure 35 for the location of sites sampled as part of this study. Contributing aquifer: B, bedrock; DP, deep Pleistocene; LB, Lake Bonn-
eville; PLB, pre-Lake Bonneville; SP, shallow Pleistocene; QT, Quaternary/Tertiary; WU, Western unconsolidated. Abbreviations: TU, tritium units; R, measured 
3He/4He ratio of the sample; Ra, atmospheric 3He/4He ratio; ccSTP/g, cubic centimeters at standard temperature and pressure per gram of water; 3Hetrit, tritiogenic 
helium-3; NC, not calculated; >, greater than; —, not analyzed]

Sample 
identifier

Contributing 
aquifer(s)

Tritium 
(TU)

R/Ra

Terrigenic
3Hetrit 

(TU)

Apparent 
age 

(years)

Apparent 
recharge 

year

Initial tri-
tium (TU)

Interpreted
age 

category4He (ccSTP/g) 3He/4He ratio

1 B 0.5 0.13 1.21E-06 1.20E-07 6.9 48 1955 7 Pre-modern
2 WU 5.7 .89 2.49E-08 2.77E-08 9.5 18 1986 15 Modern
3 WU .5 .13 1.10E-05 1.80E-07 6.5 48 1955 7 Pre-modern
4 B .2 .33 1.88E-07 1.40E-08 7.0 > 50 pre-1950 7 Pre-modern
5 PLB 11.7 1.19 -7.01E-09 2.77E-08 10.7 12 1992 22 Modern
6 PLB 0 .87 1.33E-08 2.77E-08 2.5 > 50 pre-1950 3 Pre-modern
7 QT .1 .75 2.34E-08 2.77E-08 1.5 50 1954 2 Pre-modern
8 DP 10.1 1.37 -1.59E-11 2.77E-08 12.8 15 1989 23 Modern
9 LB 8.9 1.05 -5.03E-10 2.77E-08 1.1 2 2001 10 Modern

10 QT 1.3 1.27 2.77E-09 2.77E-08 11.7 42 1963 13 Pre-modern
11 QT .2 .94 9.06E-09 2.77E-08 2.4 46 1957 3 Pre-modern
12 DP 8.4 1.89 1.15E-08 2.77E-08 46.1 34 1970 54 Modern or mixture
13 SP, DP, QT .1 .14 2.35E-06 1.70E-07 7.7 > 50 pre-1950 8 Pre-modern
14 PLB 14.5 1.02 1.90E-09 2.77E-08 1.8 2 2001 16 Modern
15 PLB 10.2 1.96 2.02E-08 2.77E-08 59.8 35 1969 70 Modern or mixture
16 DP 8.1 1.24 2.05E-09 2.77E-08 12.2 16 1988 20 Modern
17 PLB 8.4 1.19 1.92E-08 2.77E-08 18.4 21 1983 27 Modern
18 QT 12.8 3.33 5.49E-09 2.77E-08 101.4 39 1965 114 Modern or mixture
19 DP 16.7 2.48 2.81E-09 2.77E-08 74.4 30 1974 91 Modern
20 SP 9.7 1.34 7.34E-10 2.77E-08 10.0 13 1991 20 Modern
21 SP, DP 14.6 3.11 2.94E-09 2.77E-08 76.3 33 1971 91 Modern
22 SP 14.0 3.11 4.53E-09 2.77E-08 70.1 32 1972 84 Modern
23 B 7.8 .81 1.14E-07 2.77E-08 33.4 30 1974 41 Modern or mixture
24 PLB 11.1 1.23 4.71E-09 2.77E-08 10.0 12 1993 21 Modern
25 DP .1 .94 1.26E-08 2.77E-08 4.4 > 50 pre-1950 4 Pre-modern
26 SP 13.0 2.32 1.80E-09 2.77E-08 52.9 29 1975 66 Modern
27 DP 7.9 .11 2.65E-06 2.77E-08 96.9 46 1958 105 Modern or mixture
28 QT .7 .09 2.35E-06 9.40E-08 5.2 38 1961 8 Pre-modern
29 SP 13.3 .19 1.08E-06 2.77E-08 75.8 34 1970 89 Modern or mixture
30 SP 11.2 .39 NC NC NC NC NC NC 1Modern or mixture
31 PLB 8.5 .96 7.05E-09 2.77E-08 2.5 5 1999 11 Modern
32 SP 7.2 NC NC NC NC NC NC NC 1Modern or mixture
33 SP 16.0 .71 2.58E-07 2.77E-08 90.9 34 1970 107 Modern or mixture
34 DP 11.2 .57 3.71E-07 2.77E-08 100.2 41 1963 111 Modern or mixture
35 SP, DP, QT, B .1 .15 7.90E-06 1.91E-07 4.1 > 50 pre-1950 4 Pre-modern

236a QT 3.7 .96 1.96E-08 2.77E-08 9.2 22 1983 12 Modern or mixture
336b QT 7.2 .46 9.88E-08 2.77E-08 NC NC NC NC NC
336c QT 3.8 .41 1.24E-07 2.77E-08 NC NC NC NC NC
336d QT 5.1 — — — — — — — NC
36e QT .4 .20 6.15E-07 1.66E-07 4.1 42 1963 5 Pre-modern

1Measured tritium concentration greater than 3 TU indicates that the sample contains at least some fraction of modern water.

2Calculated maximum recharge temperature value is low (table 22) and similar to deepest sampled interval at this well (sample 36e). This suggests that the 
tritium in this water is not due to contamination.

3Attempted to isolate interval of open borehole using packers. Isolation failed and sample was visibly contaminated with drilling fluid. 
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is most affected by the terrigenic 4He (4He
terr

) concentration 
(Plummer and others, 2000; Holocher and others, 2001). Terri-
genic 3He along with 4He is produced by the subsurface decay 
of naturally occurring uranium- and thorium-series elements 
in aquifer solids. The ratio of terrigenic 3He to 4He produced 
varies and is poorly constrained. Because this ratio is used 
to determine the terrigenic component of 3He and ultimately 
to calculate 3He

trit
, the apparent age of samples with elevated 

levels of 4He
terr

 (more than about 5x10-8 ccSTP/g) is subject to 
greater uncertainty. The terrigenic 3He/4He ratio was adjusted 
for samples with low 3H concentrations and elevated 4He

terr
 

concentrations until the 3He
trit 

approximated known pre-1950s 
levels of less than 8 TU. The uncertainty in the apparent age 
resulting from the uncertainty in the recharge temperature and 
altitude combined with analytical uncertainty is plus or minus 
3 years for samples with 4He

terr
 concentrations less than about 

5x10-8 ccSTP/g (Manning, 2002, appendix B). Samples with 
higher concentrations of 4He

terr 
have higher uncertainties and 

can only reliably be classified as “pre-modern.”
3H/3He age data for this study were analyzed and cat-

egorized as in Thiros and Manning (2004) for samples from 
nearby Salt Lake Valley. Samples were categorized as (1) 
modern, (2) modern or mixture, and (3) pre-modern (table 23) 
by examining their measured 3H concentration and compar-
ing their initial 3H (measured 3H plus measured 3He

trit
) to 

that of local precipitation at the time of recharge. Unmixed 
modern water samples should have an initial 3H concentration 
approximately equal to the concentration in precipitation at the 
time of recharge (apparent recharge year, table 23). Samples 
containing a mixture of modern and pre-modern water will 
have an initial 3H concentration of less than the concentration 
in precipitation for the apparent recharge year. The initial 3H 
concentration in water samples from northern Utah Valley is 
plotted with the mean annual 3H concentration in precipitation 
in Salt Lake City from 1953 to 2000 in figure 44. Mean annual 
3H concentrations in precipitation are derived from monthly 
data available for most of 1963 to 1984 for Salt Lake City 
(International Atomic Energy Agency, 2007). Mean annual 
3H concentrations prior to 1963 and after 1984 were estimated 
by correlation with 3H concentrations in precipitation from 
Ottawa, Canada (International Atomic Energy Agency, 2007). 
Waters plotting near the precipitation line in figure 44 are cat-
egorized as modern and their apparent age should approximate 
the flow-weighted mean age of the sample. Waters contain-
ing less than 2 TU are categorized as pre-modern and waters 
that contain more than 2 TU that plot below the precipitation 
line in figure 44 are categorized as modern or a mixture of 
modern and pre-modern water. Note that these waters may be 
a mixture of modern water of different ages. Waters contain-
ing elevated 4He

terr
 concentrations (greater than about 5x10-8 

ccSTP/g) are distinguished from those with low 4He
terr

 concen-
trations in figure 44 because the apparent age and initial 3H 
concentrations in these samples are less certain. Samples 29, 
33, and 34 are categorized as modern or mixture, even though 
they plot near the precipitation line. Both of these samples 
contain elevated 4He

terr
 concentrations, meaning that they both 

contain a fraction of pre-modern water that is very old (more 
than 1,000 years old and possibly much older) and that their 
initial 3H concentrations are uncertain and may actually be less 
than what is shown. The high concentrations of both 3H and 
4He

terr
 in these waters from the SP and DP aquifers indicate 

areas where modern water that likely originated as mountain-
front recharge is mixing with upwelling pre-modern water 
from the QT aquifer in the discharge area. These are areas of 
focused discharge where a variety of flowpaths are converg-
ing. Samples from other wells in the discharge area do not 
have this signature; they are either collected from deep wells 
with clearly pre-modern water (samples 10, 11, 13, and 28) 
or from shallower wells with modern water (samples 19, 20, 
21, and 22) (figs. 44 and 45). The only other exception in the 
discharge area is sample 12, which plots below the precipita-
tion line in figure 44, indicating it to be a mixture, but does not 
have the high concentrations of 4He

terr
 present where very old 

ground water is upwelling from the QT aquifer. This sample is 
probably a mixture of modern water with water that, although 
too old to be dated with 3H, is much younger than the pre-
modern fraction in samples 29, 33, and 40. 

3H/3He age data are useful for delineating patterns of 
ground-water flow. The distribution of apparent 3H/3He age 
and interpreted age category for ground water sampled in 
northern Utah Valley (table 23) is shown in figure 45. Appar-
ent ages range from 2 to more than 50 years and their dis-
tribution is in good agreement with the conceptual model of 
the flow system. The youngest waters on the eastern side of 
the valley occur near the mountain front, and ages generally 
increase toward the discharge area and Utah Lake. Samples 
15 and 23 are exceptions to this pattern. These samples have 
apparent ages of 35 and 30 years, respectively, and were col-
lected from wells located near the mountain front. Both of 
these wells have deep open intervals (greater than 500 ft below 
land surface) and are likely capturing a fraction of older MBI. 

Interpreted age categories are also in general agreement 
with minimum MBI fractions determined from dissolved-gas 
data. Water that originated as high-altitude recharge should 
experience deep circulation and long travel times. Conse-
quently, samples containing large fractions of MBI should 
be older than samples that contain mostly valley recharge. 
This pattern is observed throughout much of the eastern part 
of northern Utah Valley where MBI makes up a substantial 
fraction of the recharge. Waters that have some of the highest 
minimum MBI fractions (samples 10 and 11, table 22) are pre-
modern. Nearly all of the samples categorized as modern or 
mixtures of modern and pre-modern water in the eastern part 
of the valley have minimum MBI fractions of 0 to 0.5, mean-
ing that waters with young apparent ages contain appreciable 
fractions of water from valley sources. Examples of this are 
the modern waters present in the SP and DP aquifers in the 
American Fork area (samples 19, 20, 21, and 22) which likely 
contain substantial fractions of mountain-front recharge. 

Notable inconsistencies were observed in samples 5, 9, 
and 16, where waters that have cool T

r
 and appear to contain 

substantial MBI (minimum MBI fractions from 0.62 to 0.68) 
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Figure 44. Tritium concentration in precipitation and the relation between initial tritium concentration and apparent recharge year for 
ground water sampled during 2003–05 in northern Utah Valley, Utah.

also have young apparent ages of 2 to 16 years. Cool T
r
 values 

generally imply recharge derived from high-altitude mountain 
areas. Sample 9 is spring discharge from a perched aquifer 
in the Dry Creek/Fort Creek area. This system probably is 
recharged by spring runoff of snowmelt from these drainage 
basins in areas where the perched water table is at or near land 
surface. In this scenario, the snowmelt runoff is not warmed 
by passing through the unsaturated zone, and winter recharge 
is expected to have cool T

r
 even though it occurred at a low 

(valley) altitude. The maximum recharge temperature (5.5°C, 
table 22) for water from this spring is consistent with spring 
snowmelt as the source.

A number of scenarios consistent with the local geology 
could contribute to the combination of young apparent age and 
cool T

r
 in samples 5 and 16. Mountain bedrock east of these 

samples (in and around American Fork Canyon) is composed 
of highly fractured rocks, including limestone with well-devel-
oped cave systems (Mayo and others, 2000). The presence of 
these caves is evidence that areas exist around American Fork 
where the water table is deep. Hydraulic-conductivity values 
in fractured rocks, gravel, and coarse sands (all the materials 
through which these waters must travel) can be hundreds of 
feet per day (Dominico and Schwartz, 1998, table 3.2, p. 39). 
Ground water moving rapidly through a fractured flow system 
could deliver MBI to the basin-fill aquifers in the valley in a 
very short time. In mountainous areas experiencing high rates 
of cool recharge (such as snowmelt), ground water moving 
quickly downward through a fractured flow system could 
result in deep water-table temperatures that are substantially 
cooler than those predicted by assuming a local atmospheric 
lapse rate. Under these circumstances, the time it would take 
for cool MBI to reach wells in the basin-fill aquifers would be 
greatly reduced.

Apparent ages also may be biased young, even in modern 
waters, if the water experienced a partial loss of 3He

trit
. Helium 

may be removed from the water by degassing or by diffusion 
into the rock matrix in a fractured system. Helium (a dissolved 
gas) has a higher diffusion coefficient and is more strongly 
retarded than 3H (bound to the water molecule) by matrix dif-
fusion in fractured rocks (Cook and others, 1996). Depending 
on the effectiveness of helium stripping, samples that appear 
to be less than 16 years old may actually have been recharged 
in the 1950s to 1970s. A combination of these scenarios likely 
contributes to the paradoxical appearance of samples 5 and 16 
(cool T

r
 and young apparent age). Further study of the ground 

water in this area would be required to confirm any of the 
proposed hypotheses.

Ground-water samples collected in the vicinity of the Jor-
dan Narrows (samples 4 and 35) are essentially free of 3H and 
have elevated 4He

terr
, making them clearly pre-modern. Older 

ground water in this area may be the result of low recharge 
rates. This is consistent with the idea discussed in the “Dis-
solved-Gas Recharge Temperatures” section of this report that 
ground water in this area recharges a deep water table through 
a thick unsaturated zone, leading to warm T

r
, and deeply circu-

lates, leading to long travel times. 
Water from a bedrock well in the Cedar Pass area (sample 

1) and a well in basin-fill deposits near the western shore of 
Utah Lake (sample 3) is pre-modern with low 3H (0.5 TU) 
and elevated 4He

terr
. Although few data are available west of 

the Jordan River, these observations agree with the current 
conceptual model indicating that much of the ground water in 
these areas is not derived from local sources, but rather enters 
northern Utah Valley from fractured bedrock in the Cedar Pass 
area. Sample 2, also located west of the Jordan River, is in 
an area where infiltration of irrigation water from fields and 
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canals is a likely source of recharge. The young component 
of water in this sample (apparent age of 18 years, fig. 45) 
combined with an enriched δ18O value relative to δD (fig. 41) 
indicates that recharge to the WU aquifer in this area is from 
an evaporated source, such as seepage of unconsumed irriga-
tion water or from canals carrying water from Utah Lake. 

Waters characterized as modern should not have a 
substantial young-age bias and should approximate the flow-
weighted mean age of a sample. Under this assumption, the 
age gradient can be used to make estimates of recharge with 
the simple relation:

 Q = vnA, (7)

where:
 Q is the volumetric flow rate of recharge,
 v is the average linear ground-water flow 

velocity,
 n is the average effective porosity,
and
 A is the cross-sectional area normal to the flow 

direction.

Estimates of recharge were made along the eastern 
margin of the valley where age gradients between sample 
locations of modern waters were available to estimate average 
linear ground-water velocities. Velocities were estimated along 
general flow lines delineated by the potentiometric contours in 
figure 27. For all estimates, the value n = 0.2 was used to rep-
resent the effective porosity of aquifer material. Samples used 
for these estimates with modern water were all collected from 
wells screened in the PLB, SP, and DP aquifers. The length of 

each section was chosen to coincide with computation lines 
used by Clark and Appel (1985, table 8 and fig. 9). An average 
thickness from the top of the SP aquifer to the top of the QT 
aquifer was used as the height for the cross-sectional area for 
each of the sections. Average linear ground-water velocity and 
recharge estimates for two areas are summarized in table 24. 
Samples classified as modern were not available to calculate 
ground-water velocity for other parts of the valley.

The American Fork section for which recharge was 
estimated in table 24 coincides with computation lines 6, 
7, and 8 in table 8 and figure 9 of Clark and Appel (1985). 
Average linear velocities from five flowpaths in this area 
vary from 1.5 to 3.0 ft/d and corresponding recharge esti-
mates range from 26,900 to 53,000 acre-ft/yr, with a median 
value of about 41,000 acre-ft/yr. Recharge estimates using 
apparent-age gradients are 40 to 78 percent lower than the 
68,000 acre-ft/yr of recharge estimated by Clark and Appel 
(1985) for this section of the valley. The Battle Creek sec-
tion coincides with computation lines 9 and 10 in table 8 and 
figure 9 of Clark and Appel (1985). Average linear velocities 
were estimated between sample sites 24 and 26 and from the 
mountain front (assuming this is where the recharge of modern 
water occurred) to sample sites 24 and 26. Average linear 
velocities in the Battle Creek area are from 1.5 to 1.8 ft/d with 
recharge for this section estimated to range from about 26,500 
to 31,400 acre-ft/yr. Clark and Appel (1985) estimated 24,000 
acre-ft/yr of recharge to this section of the basin-fill aquifers. 
Although these estimates incorporate significant generaliza-
tions regarding aquifer thickness and ground-water flowpaths, 
they indicate that the age data are in general agreement with 
previous concepts of ground-water flow in northern Utah Val-

Table 24. Estimates of volumetric recharge rate to sections of northern Utah Valley, Utah, based on tritium/helium-3 age data.
[Sample identifier: See figure 35 for the location of sites sampled as part of this study. Abbreviations: n, average effective porosity of aquifer material (includ-
ing lower permeability layers); Q, recharge rate]

American Fork section Battle Creek section

n = 0.2 Length = 30,000 feet
Saturated thickness = 

1350 feet
n = 0.2 Length = 47,000 feet

Saturated thickness = 
1220 feet

Compare to Q = 68,000 acre-feet/year from computation  
lines 6, 7, and 8 from Clark and Appel (1985, table 8)

Compare to Q = 24,000 acre-feet/year from computation 
lines 9 and 10 from Clark and Appel (1985, table 8)

Flowpath, from 
sample identifier to 

sample identifier

Average linear 
ground-water 
flow velocity 

(feet/day)

Volumetric
rate of recharge 
(acre-feet/year)

(rounded)

Flowpath, from 
sample identifier to 

sample identifier

Average linear 
ground-water 
flow velocity 

(feet/day)

Volumetric
rate of recharge 
(acre-feet/year)

(rounded)

14 to 5 1.5 26,900 24 to 26 1.6 27,500
14 to 16 2.4 41,400 Mountain front to 226 1.8 31,400
14 to 17 1.8 31,400 Mountain front to 224 1.5 26,500
16 to 21 3.0 53,000    
16 to 19 2.9 50,800    

1This is estimated to be the maximum thickness from the top of the SP aquifer to the top of the QT aquifer in the Provo River area.

2These estimates assume recharge occurs at the mountain front. Average linear flow velocity and thus recharge (Q) would be higher if recharge occurred 
farther back in the mountains.
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ley. The volumetric recharge rates calculated from age data 
compare well with previous estimates of recharge along the 
western slope of the Wasatch Mountains south of American 
Fork and indicate that recharge to the principal aquifer may be 
lower than previously thought in the American Fork area. This 
example highlights the usefulness of environmental-tracer data 
for constraining recharge. 

Flowpath Characterization
Ground-water flow within the basin-fill aquifer occurs 

along a downgradient path generally following the surficial 
topography. The primary mechanisms controlling flowpaths 
in northern Utah Valley include the aquifer properties (grain 
size, hydraulic conductivity) and the location of the recharge 
or subsurface inflow source (mountain block, mountain front, 
irrigation seepage). Aquifer properties in northern Utah Valley, 
on a basin scale, grade from materials with a high hydraulic-
conductivity value (more transmissive) such as cobble, gravel, 
and sand deposits near the mountain fronts, to materials with 
a low hydraulic-conductivity value (less transmissive) such as 
interbedded gravel, sand, silt, and clay deposits throughout the 
valley bottom. The interbedded deposits of the valley bottom 
form basin-extensive confined aquifers as discussed in the 
“Occurrence of Ground Water” section of this report.

In addition to aquifer properties, flowpaths also are con-
trolled by the location of the predominant recharge sources. 
In northern Utah Valley the primary recharge sources include 
subsurface inflow at the mountain-block basin-fill interface 
(mountain-block inflow) and recharge occurring at the surface 
along the mountain front (mountain-front recharge). Moun-
tain-block subsurface inflow occurs at depth and is distributed 
over a large area that expands across the subsurface interface 
between the mountain block and basin-fill deposits (fig. 46). 

Water from four wells that are assumed to be completed 
exclusively in the QT aquifer on the east side of the valley 
was sampled as part of this study (samples 10, 11, 18, and 28). 
Water from each of these wells has similar chemical proper-
ties (low dissolved-solids concentrations, mixed cation water 
types, high terrigenic helium values, and pre-modern appar-
ent ages), yet distinctly different chemical signatures than 
the samples collected from the shallower SP, DP, and PLB 
aquifers (higher dissolved-solids concentrations, generally 
calcium-bicarbonate type waters, and modern or mixed appar-
ent ages). Water within the QT aquifer is expected to travel 
over longer flowpaths and have older apparent ages relative to 
water within the shallower aquifers. Lower dissolved-solids 
concentrations with increasing depth are attributed to the 
mountain-block subsurface inflow to the QT aquifer. Moun-
tain-block subsurface inflow travels through preferential path-
ways such as fractures, faults, and solution channels in much 
of the limestone mountain block, effectively reducing the 
reactive surface area between the ground water and the aquifer 
material. Hydraulic gradients near the end of the flowpath 

(in the valley lowlands) have an upward vertical component, 
so that ground water in the deeper basin-fill aquifers moves 
upward through overlying leaky confining units to subse-
quently shallower basin-fill aquifers. Flow through these units 
allows for the dissolution of constituents within the basin-fill 
deposits. The dissolved solids can then be transported to the 
shallower basin-fill aquifers and to springs near the valley 
bottom. Ground-water flow from different subsurface inflow 
and recharge source areas and the evolution of the major-ion 
chemistry along the Dry Creek, American Fork, and combined 
Orem-Provo area flowpaths are shown in figures 47, 48, and 
49, respectively. 

Mountain-front recharge is localized and focused over 
areas where water from streams and creeks entering the valley 
infiltrates into the basin-fill aquifers. These recharge areas 
are further expanded by the distribution of streamflow within 
irrigation canals and subsequent seepage from the canals. Two 
main areas of northern Utah Valley include the Alpine/High-
land area where Dry Creek and the American Fork River enter 
the valley and the Orem-Provo area where the Provo River 
enters the valley. In both areas, the potentiometric contours for 
the combined PLB and DP aquifer indicate flow moving away 
from the canyon mouths and toward Utah Lake (fig. 27). 

Along the Dry Creek channel, inflow of Dry Creek 
and Fort Creek provide recharge to the northern part of the 
Highland Bench and contribute to the Dry Creek flowpaths. 
This path generally follows the Dry Creek channel and moves 
west-southwestward along the front of the Traverse Moun-
tains. Recharge temperatures (fig. 42), apparent ages (fig. 45), 
and dissolved-solids concentrations generally follow expected 
trends of decreasing recharge temperature, increasing appar-
ent age, and increasing dissolved-solids concentrations along 
the theoretical Dry Creek flowpath (fig. 47). Inflow from 
the American Fork River is the dominant force influencing 
recharge to the SP and DP aquifers to the south of the Dry 
Creek flowpath. The American Fork River discharges about 
three times the amount of water as Dry Creek, with much of it 
occurring as seepage to the basin-fill aquifers near the mouth 
of American Fork Canyon. Potentiometric contours in the 
combined PLB and DP aquifer (fig. 27) indicate ground-water 
flow radiating out from the mouth of American Fork Canyon 
and away from the stream channel farther into the valley. 
Apparent ages of water increase with distance from the mouth 
of American Fork Canyon (fig. 45). Dissolved-solids con-
centrations along the American Fork flowpath increase with 
distance from the mountain front and increase from the lower 
QT aquifer up to the surface (fig. 48). Mountain-front recharge 
from Grove Creek and Battle Creek and irrigation losses in the 
Battle Creek flowpath area provide some additional recharge 
to the SP and DP aquifers (fig. 46).

Seepage from the Provo River and its associated irriga-
tion canal network dominates recharge to the SP and DP aqui-
fers in the Orem-Provo area. Dissolved-solid concentrations 
in water from wells sampled throughout the Orem-Provo area 
varied little between wells and had concentrations similar to 
that of the Provo River. Water-quality samples were collected 
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from the Provo River at the mouth of Provo Canyon (USGS 
site number 401850111392201) in the spring of 2000 (snow-
melt runoff) and summer of 2000 (base flow). Dissolved-sol-
ids concentrations in the stream samples (280 and 247 mg/L) 
were similar to dissolved-solids concentrations in samples 
from wells in the SP and DP aquifers. In addition, they exhibit 
the same calcium-magnesium-bicarbonate water type as water 
samples collected from the SP and DP aquifers (fig. 49). Water 
from one well completed in the QT aquifer had a distinctively 
lower dissolved-solids concentration (sample 28, 167 mg/L) 
than water samples from other wells in the Orem-Provo area. 
Apparent ages, mountain-block inflow fractions, and recharge 
temperatures for water from Orem-Provo area wells also show 
similar trends, implying that the predominant recharge or 
subsurface inflow source is likely the same for the SP and DP 
aquifers in the Orem-Provo area. Deep subsurface inflow from 
the mountain block is likely the source of the ground water 
with low dissolved-solids concentration in the QT aquifer 
along the Orem flowpath. The consistent chemical composi-
tion among samples collected from the SP and DP aquifers in 
the Orem-Provo area indicates that continuity of the confining 
unit (CF1) separating the SP and DP aquifers in the Orem-
Provo area may not be as laterally continuous as it is in the 
northern part of the study area.

Some of the recharge to the basin-fill aquifers west of the 
Jordan River occurs as subsurface inflow from two separate 
sources, including a flowpath through the basin-fill deposits 
from Cedar Valley and a deeper flowpath through the fractured 
bedrock between the Lake Mountains and the Traverse Moun-
tains (figs. 9 and 46). Samples 1, 2, and 3 have a distinctly dif-
ferent chemical composition as compared to samples collected 
east of the Jordan River (figs. 35 and 36). The different chemi-
cal composition, along with potentiometric contours depicting 
the eastward movement of ground water in the area west of the 
Jordan River (figs. 27 and 28), indicates a different recharge 
source. The flowpaths representing mountain-front recharge 
and mountain-block inflow likely originate in or cross through 
Cedar Valley before moving into northern Utah Valley and 
because of the long flowpath are likely pre-modern waters. 
This is supported by the pre-modern apparent ages deter-
mined for samples 1 and 3. For sample 2, a modern or mixed 
interpreted age (an apparent 3H/3He age of 18 years), a lower 
dissolved-solids concentration (783 mg/L), and an enriched 
δ18O value relative to δD value that is indicative of evaporation 
indicate another recharge or subsurface inflow source in the 
area of this well. A small ephemeral drainage basin originat-
ing in the Traverse Mountains enters the valley upgradient of 
the well, but a more likely source of recharge is the Utah Lake 
Distribution Canal that traverses the valley upgradient of the 
well. Seepage from the canal and associated irrigated fields is 
the likely source of the evaporated water.

Faulting west of the Jordan River and in Utah Lake (fig. 
2) may provide an avenue for thermal water to enter the basin-
fill aquifers in the area. Ground water sampled from wells in 
the faulted area during previous studies had dissolved-solids 
concentrations ranging from 960 to 1,380 mg/L and tempera-

tures ranging from 18.5 to 30.0°C (U.S. Geological Survey, 
2006). Water from a spring in Utah Lake (C-5-1)36ddd-S1 
associated with the Utah Lake fault system was sampled in 
1992 and had a dissolved-solids concentration of 1,510 mg/L 
and a water temperature of 43°C (Robert Baskin, U.S. Geo-
logical Survey, oral commun., 2006). Ground water west of 
Utah Lake and along the Jordan River corridor may consist of 
a mixture of fault-controlled thermal waters and ground water 
from the basin-fill aquifers (figs. 27 and 28).

Summary
The ground-water resources of northern Utah Valley, 

Utah, were assessed during 2003–05 to describe and quantify 
components of the hydrologic system, determine a hydrologic 
budget for the basin-fill aquifer, and evaluate changes to the 
system relative to previous studies. Northern Utah Valley is a 
horst and graben structure with ground-water occurring in both 
the mountain-block uplands surrounding the valley and in the 
unconsolidated basin-fill sediments. The principal aquifer in 
northern Utah Valley occurs in the unconsolidated basin-fill 
deposits where a deeper unconfined aquifer occurs near the 
mountain fronts and laterally grades into multiple confined 
aquifers near the center of the valley.

A three-dimensional hydrostratigraphic framework was 
developed to represent the extent, both areally and at depth, 
of the aquifers and confining units comprising the principal 
basin-fill aquifer in northern Utah Valley. Individual frame-
work units were constructed by using a computer program to 
interpolate a surface between the delineated points to represent 
the contact between hydrostratigraphic units. The hydrostrati-
graphic framework was developed to be used in the numeri-
cal ground-water flow model being developed concurrently 
(2007).

Precipitation throughout the surrounding mountains is the 
main source of water for the basin-fill aquifers. Recharge to 
the basin-fill aquifers occurs predominantly as either infiltra-
tion of streamflow at or near the interface of the mountain 
front and valley or as subsurface inflow from the adjacent 
mountains. Natural discharge from the basin-fill aquifers 
occurs in the valley lowlands as flow to waterways, drains, 
ditches, springs, and as diffuse seepage. Flowing and pumping 
wells also are a source of discharge. 

Total recharge to the principal basin-fill aquifer was 
estimated to average 153,000 (+/- 31,500) acre-ft annually 
during 1975 to 2004. Recharge from infiltration of streamflow 
averaged 68,500 (+/- 6,900) acre-ft/yr. Subsurface inflow from 
the adjacent mountains and Cedar Valley averaged 73,500 (+/- 
22,500) acre-ft/yr. Smaller recharge sources averaged 11,000 
(+/- 2,100) acre-ft/yr.

Ground-water discharge from the basin-fill aquifers dur-
ing 1975–2004 was estimated to average 166,700 (+/- 25,900) 
acre-ft/yr. Two primary sources of discharge include discharge 
to wells for consumptive use and discharge to waterways, 
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drains, ditches, and springs. Discharge to wells, including 
pumping, flowing, and stock wells, was estimated to average 
61,000 (+/- 10,000) acre-ft/yr. Discharge to waterways, drains, 
ditches, and springs was estimated to average 69,000 (+/- 
6,900) acre-ft/yr. 

The annual average hydrologic budget shows a deficit 
in recharge of about 14,000 acre-ft/yr. The difference in the 
hydrologic budget is likely a result of uncertainty and error in 
the individual budget estimates rather than an actual deficit.

Water levels in wells in northern Utah Valley declined 
from 1981 to 2004. Of 110 wells measured in both 1981–82 
and 2004–05, the average decline in water levels was about 
22 ft for all aquifers combined. Water-level changes in the 
confined aquifers were less pronounced when compared to 
changes in the unconfined aquifer. Water-level declines are 
consistent with a severe regional drought beginning in 1999 
and continuing through 2004.

Water samples were collected from 36 wells and springs 
throughout the study area along expected flowpaths. Water 
samples collected from 34 wells were analyzed for dissolved 
major ions, nutrients, and stable isotopes of hydrogen and 
oxygen. All 36 water samples were analyzed for dissolved-gas 
concentration including noble gases and tritium/helium-3. 

Major-ion chemistry generally changes with distance 
from the recharge source and with depth. Dissolved-solid 
concentrations generally decrease with depth into the basin-
fill deposits. Samples collected west of the Jordan River had 
higher dissolved-solid concentrations (783 to 1,590 mg/L) 
than samples collected east of the Jordan River (141 to 778 
mg/L). Nitrate concentrations generally were the same as or 
less than natural background levels. Dissolved-gas recharge 
temperature data support the conceptual model of the basin-fill 
aquifers and highlight complexities of recharge patterns in dif-
ferent parts of the valley. Dissolved-gas data indicate that the 
highest elevation recharge sources for the basin-fill aquifers 
are subsurface inflow derived from recharge in the adjacent 
mountain block between the mouths of American Fork and 
Provo Canyons. Apparent ground-water ages in the basin-fill 
aquifer, as calculated using tritium/helium-3 data, range from 
2 to more than 50 years. The youngest waters in the valley 
occur near the mountain fronts with apparent ages generally 
increasing in age near the valley lowlands and discharge area 
around Utah Lake.

Flowpaths are controlled by aquifer properties and the 
location of the predominant recharge sources, including sub-
surface inflow and recharge along the mountain front. Subsur-
face inflow is distributed over a large area across the interface 
of the subsurface mountain block and basin-fill deposits. 
Subsurface inflow occurs at a depth, below where mountain-
front recharge occurs. Recharge along the mountain front is 
often localized and focused over areas where streams and 
creeks enter the valley with recharge enhanced by the associ-
ated irrigation canals.
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