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CONVERSION FACTORS AND VERTICAL DATUM

Multiply

By To obtain
foot 0.3048 meter
foot per day 0.3048 meter per day
foot per mile 0.1894 meter per kilometer
gallon per minute 0.06308 liter per second
mile 1.609 kilometer
square mile 2.59 square kilometer

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea

Level Datum of 1929.
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ABSTRACT

A 48-square-mile area in the southeastern
part of the Salt Lake Valley, Utah, was studied to
determine if generalized information obtained
from geologic maps, water-level maps, and drill-
ers’ logs could be used to estimate hydraulic con-
ductivity, porosity, and slope of the potentiometric
surface: the three properties needed to calculate
average linear velocity of ground water. Estimated
values of these properties could be used by water-
management and regulatory agencies to compute
values of average linear velocity, which could be
further used to estimate travel time of ground
water along selected flow lines, and thus to deter-
mine wellhead protection areas around public-sup-
ply wells.

The methods used to estimate the three
properties are based on assumptions about the
drillers’ descriptions, the depositional history of
the sediments, and the boundary conditions of the
hydrologic system. These assumptions were based
on geologic and hydrologic information deter-
mined from previous investigations. The reliabil-
ity of the estimated values for hydrologic
properties and average linear velocity depends on
the accuracy of these assumptions.

Hydraulic conductivity of the principal
aquifer was estimated by calculating the
thickness-weighted average of values assigned to
different drillers’ descriptions of material
penetrated during the construction of 98 wells.
Using these 98 control points, the study area was
divided into zones representing approximate
hydraulic-conductivity values of 20, 60, 100, 140,
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180, 220, and 250 feet per day. This range of
values is about the same range of values used in
developing a ground-water flow model of the
principal aquifer in the early 1980s.

Porosity of the principal aquifer was esti-
mated by compiling the range of porosity values
determined or estimated during previous investi-
gations of basin-fill sediments, and then using five
different values ranging from 15 to 35 percent to
delineate zones in the study area that were
assumed to be underlain by similar deposits.
Delineation of the zones was based on deposi-
tional history of the area and the distribution of
sediments shown on a surficial geologic map.

Water levels in wells were measured twice
in 1990: during late winter when ground-water
withdrawals were the least and water levels the
highest, and again in late summer, when ground-
water withdrawals were the greatest and water lev-
els the lowest. These water levels were used to
construct potentiometric-contour maps and subse-
quently to determine the variability of the slope in
the potentiometric surface in the area.

Values for the three properties, derived from
the described sources of information, were used to
produce a map showing the general distribution of
average linear velocity of ground water moving
through the principal aquifer of the study area.
Velocity derived ranged from 0.06 to 144 feet per
day with a median of about 3 feet per day. Values
were slightly faster for late summer 1990 than for
late winter 1990, mainly because increased with-
drawal of water during the summer created
slightly steeper hydraulic-head gradients between
the recharge area near the mountain front and the
well fields farther to the west. The fastest average
linear-velocity values were located at the mouth of



Little Cottonwood Canyon and south of Dry Creek
near the mountain front, where the hydraulic con-
ductivity was estimated to be the largest because
the drillers described the sediments to be predom-
inantly clean and coarse grained. Both of these
areas also had steep slopes in the potentiometric
surface. Other areas where average linear velocity
was fast included small areas near pumping wells
where the slope in the potentiometric surface was
locally steepened. No apparent relation between

" average linear velocity and porosity could be seen
in the mapped distributions of these two proper-
ties. Calculation of travel time along a flow line to
a well in the southwestern part of the study area
during the summer of 1990 indicated that it takes
about 11 years for ground water to move about 2
miles under these pumping conditions.

INTRODUCTION

Protecting ground water from organic, inorganic,
radioactive, and biological contaminants, many of
which can be classified as hazardous waste, is of great
concern to cities that derive part or all of their public
water supply from aquifers. The 1986 Amendments to
the Safe Drinking Water Act (SDWA) established the
Wellhead Protection (WHP) Program. This program is
designed to assist States in protecting areas surround-
ing public water-supply wells against contaminants
that could have an adverse effect on human health. The
U.S. Environmental Protection Agency (EPA) assists
the States in the development of State WHP Programs.
One of the major elements of WHPis the determination
of zones within which contaminant assessment and
management is addressed. These zones, called Well-
head Protection Areas (WHPASs), are defined in the
SDWA as the surface and subsurface area surrounding
a water well or wellfield, supplying a public water sys-
tem, through which contaminants are reasonably likely
to move toward and reach such water well or wellfield.

Criteria for delineating a protection area have
been based on distance, water-level declines caused by
pumping, travel time, flow-system boundaries, and the
capacity of an aquifer to absorb contaminants. These
criteria have led to the development of methods as
uncomplicated as defining an arbitrary fixed radius
around a well and as complicated as using analytical
solutions to flow equations to determine zones of cap-
ture of a pumping well. This report describes and dem-
onstrates a method of estimating horizontal ground-
water travel time along flow lines, which could be used
in defining a WHPA.

The basic methods of estimating hydraulic con-
ductivity, effective porosity, and slope of the potentio-

metric surface, and calculating average linear velocity
of ground water along a flow line described in this
report can be used by water-supply agencies to obtain
a preliminary estimate of ground-water travel time to a
specific well at one point in time, and to obtain a gen-
eral idea of how large the wellhead protection area
might have to be.

The State of Utah is developing a WHP program
that will require defining areas of protection on the
basis of various time periods necessary for contami-
nated ground water to move to a public supply well.
The first time period specified is 250 days, which is
defined as the minimum time necessary to decrease the
risk of contamination from pathogenic microorganisms
and some organic chemicals to an acceptable level and/
or to complete a suitable remediation process (M.
Jensen, Utah Department of Environmental Quality,
Division of Drinking Water, written commun., 1991).
The second time period specified is 15 years. The zone
defined by a 15-year travel time was designed to
decrease the risk of inorganic chemical contamination
to an acceptable level.

At the request of EPA, the U.S. Geological Sur-
vey (USGS) investigated methods to derive or estimate
the three hydrologic properties necessary to calculate
average linear velocity of ground water moving hori-
zontally through the principal aquifer in the southeast-
ern part of Salt Lake Valley. These properties are
hydraulic conductivity, effective porosity, and slope of
the potentiometric surface.

Purpose and Scope

The purpose of this report is to summarize and
describe the method used to derive or estimate hydro-
logic properties needed to calculate horizontal average
linear velocity of ground water through an aquifer sys-
tem similar to that found along the Wasatch Front in
Utah, and to demonstrate how average linear velocity
can be used to obtain travel time of ground water along
a flow line.

The scope of the investigation was governed by
the need to use simple methods of determining the
three properties. Many complicating factors were not
considered as part of this investigation because of these
limitations. As aresult, only one part of a ground-water
flow line was considered: the horizontal flow through
the principal aquifer. Other parts of a ground-water
flow line that could not be considered would include
those through unsaturated zones, vertical flow through
aquifers and confining layers, and vertical and horizon-
tal flow through the consolidated rocks of the Wasatch
Range. Limitations of using this methodology will be























































































