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(ONVERSION FACTORS

For readers who prefer to use metric units,
pound units used in this report are listed below:

Multiply inch-pound units By
acre 0.4047
acre-foot 0.001233
cubic foot per second 0.0282
foot 0.3048
foot squared per second 0.0929
foot squared per day 0.0929
inch 25.40
2.540
mile 1.609
square mile 2.590

ocorversion factors for inch-

square hectameter

cubic hectameter

cubic meter per second
meter

meter sqyuared per second
meter squared per day '
millimeter

centimeter

kilometer

square kilometer

A geodetic

datum derlved froma general adj ust'mentof the first-order level nets of both
the United States and Canada, formerly called mean sea level.
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THE GROUND-WATER SYSTEM AND SIMULATED EFFECTS OF GROUND-WATER

WITHDRAWALS IN NORTHERN UTAH VALLEY, UTAH

By David W. Clark

ABSTRACT

The effects of withdrawals fram the principal ground-water reservoir in
northern Utah Valley, Utah, were projected by means of a three-dimensional,
finite-difference, digital-camputer model, which was oonstructed to aid
understanding of the ground-water system and to simulate ground-water £low.
The model was campared with water levels measured in 1947, and observed water—
level changes fram 1947-8. 'The model was used to evaluate ground-water data
presented in previous reports, to simulate varying quantities of ground-water
withdrawal and recharge, and to estimate water—level changes for 1980-2000.
The average annual rate of recharge for the area is assumed to be 190,000
acre-feet per year, and the average annual discharge fram wells at the end of
transient-state calibration was assumed to be 50,100 acre-feet per year.
Water-level declines of as much as 25 feet are projected for the 20-year
period if the average recharge rate is assumed and discharge from wells is as
much as 91,400 acre-feet per year. During transient-state calibration, changes
in recharge to the principal ground-water reservoir were shown to be a major
cause of the variations in water levels.

INTRODUCT ION

The U.S. Geological Survey, in cooperation with the Utah Department of
Natural Resources, Division of Water Rights, evaluated the ground-water
resources of northern Utah Valley, Utah, during 1980-&8. As part of
that study, Clark and Appel (198%) updated the <definition of the
ground-water system, previously described by Hunt and others (1953) and
Cordova and Subitzky (1965). Northern Utah Valley is one of the fastest
growing areas in the United States, as reflected by an increase in urban
population fram about 72,000 in 1960 to about 164,000 in 1980. In order to
meet the water needs of this expanding population, annual ground-water
withdrawals for public supply increased fram about 5,000 acre-feet during
193 to about 20,000 acre-feet during the late 1970's (Clark and Appel, 198,
p. 73).

Purpose and Scope

The purpose of this report is (1) to improve estimates of hydraulic
properties and recharge to and discharge fram the ground-water system in
northern Utah Valley; and (2) to project effects of potential increases in
withdrawals fram the principal ground-water reservoir on ground-water levels.
An important tool used to accamplish this purpose was a three-dimensional,
finite-difference, digital-computer model, and the oonstruction and
calibration of the model is descibed in this report. 'The model will be
useful to the State's Division of Water Richts in dealing with water—
allocation problems. A listing of the data used in the model is available in
the files of the U.S. Geological Survey, Salt Lake City, Utah.



The system of numbering wells in Utah is based on the cadastral land-
survey system of the U.S. Govermment. 'The number, in addition to designating
the well, describes its position in the land net. By the land-survey system,
the State is divided into four quadrants by the Salt Lake base line and
meridian, and these quadrants are designated by the uppercase letters A, B, C,
and D, indicating the northeast, northwest, soutlwest, and southeast
quadrants, respectively. Numbers designating the township and range (in that
order) follow the quadrant letter, and all three are enclosed in parentheses.
The number after the parentheses indicates the section, and is followed by
three letters indicating the quarter section, the quartef-quarter section, and
the quarter-quarter-quarter section-generally 10 acres;” the letters a, b, ¢,
and d indicate, respectively, the northeast, nortlwest, soutlwest, and
southeast quarters of each subdivision. The number after the letters is the
serial number of the well within the 10-acre tract. ‘Thus, (D-5-1)23dab-3
designates the third well constructed or visited in the NWl/4NEl/4SEl/4
sec. 23, T. 5 S., R. 1 E. The numbering system is illustrated in figure 1.

Topography and Climate

Northern Utah Valley is part of a north-trending elongate basin about 40
miles long and 10 to 20 miles wide, at the eastern edge of the Basin
and Range physiographic province in north-central Utah (fig. 2). ‘'The
valley is bounded by the Wasatch Range on the east, the Traverse
Mountains on the north, and the Lake Mountains on the west. 'The mountains
that adjoin the valley lowlands are bounded by benches (terraces) formed
by glacial Lake Bonneville, which extend toward the center of the valley
and Utah Lake. The altitude of the valley floor ranges fram less than
4,500 feet near Utah Lake to 5,200 feet near the mountains. The highest
point in the Wasatch Range is Mt. Timpanogos with an altitude of
11,750 feet, whereas the Lake and Traverse Mountains attain maximum
altitudes of approximately 7,600 and 6,600 feet.

The climate of the area is generally temperate and semiarid with a
typical frost-free season fram late April to mid-October. Precipitation
increases across the valley and on the adjoining mountains as the altitude
increases, varying from less than 12 inches per year near Utah Lake to more
than 50 inches per year at the crest of the Wasatch Range (U.S. Weather
Bureau, 19%3).

e g

1Although the basic land unit, the section, is theoretically 1 square
mile, many sections are irregular. Such sections are subdivided into l0-acre
tracts, generally beginning at the southeast corner, and the swplus or
shortage is taken up in the tracts along the north and west sides of the
section.



v o

Sections within a township

Tracts within a section

R.1E. Sec. 23
6 5 ¥ 3 2 |
7 8 9 10 1 i2 b a
18 17 16 15 4 13
\\\l Well
9 20 21 22 2\\o 24
}
30 29 28 27 26 \25 c ?
|
|
[ d
3 32 33 \34 35 gs f
\ !
F————6 miles (9.7 kilometers) \ //{/ | mile (1.6 kilometers)——
(E§-5-1)2 dab-3
- e -— '
I |
| B A L
| —— —— —
L SALT LAKE BASE Linel
l |\Salt Lake City
T.5S.,R.1E.
|
| z
| :
| C L—————'D

LAKE

Figure 1.—Well-numbering system used in Utah.
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Projections of water-level changes for 1980-2000 were made with varying
rates of ground-water withdrawal for public supply and total ground-water
recharge. The projections indicated that an average rate of recharge and an
increase in withdrawal for public supply that was the same as the rate of
increase during 1960-79 would result in water-level declines of as much as 25
feet.
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