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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To Obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot squared per day (ftz/d) 0.09290 meter squared per day
cubic foot per second (ft3/s) 0.02832 cubic meter per second
mile (mi) 1.609 kilometer
square mile (mi%) 2.590 square kilometer
gallon per minute (gal/min) 0.06309 liter per second
gallon per day (gal/d) 0.003785 cubic meter per day
million gallons per day (Mgal/d) 0.04381 cubic meter per second
inch per year (in/yr) 254 millimeter per year
foot per year (ft/yr) 0.3048 meter per year

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows:

°F = (1.8°C) + 32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD 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,

Conversion Factors and Vertical Datum v



Geohydrology and Simulated Ground-Water Flow
in an Irrigated Area of Northwestern Indiana

by Leslie D. Arihood and Mark E. Basch'

ABSTRACT

Irrigation has been practiced since the
early 1950’s in parts of Newton and Jasper
Counties and adjacent areas of northwestern
Indiana. Ground-water is pumped for irriga-
tion to supplement inadequate soil moisture
during the growing season. Most of the water
is pumped from the carbonate bedrock aquifer
that underlies glacial drift. A concern related
to pumping has been the lowering of water
levels in the carbonate bedrock aquifer until
the aquifer becomes dewatered—resulting in
the depletion of the ground-water resource. As
part of managing the ground-water resource,
the Indiana Department of Natural Resources
has supported the development and testing of a
three-dimensional computer model of the
ground-water-flow system.

Two major aquifers and a confining unit
comprise the ground-water-flow system. The
surficial, unconfined outwash aquifer consists
of fine to coarse sand and some fine to medium
gravel. The saturated thickness averages about
30 feet. Estimated values of horizontal
hydraulic conductivity and storage coefficient
are 350 feet per day and 0.07, respectively.

!Indiana Department of Natural Resources,
Indianapolis, Ind.

Estimated recharge to the outwash aquifer
ranges from 12 to 14 inches per year. The
generally continuous confining unit beneath
the outwash aquifer is composed predomi-
nantly of till and lacustrine silt and clay and
ranges in thickness from 0 to 125 feet. The
vertical hydraulic conductivity of the confining
unit is estimated to be 1.8 x 107 to 1.8 x 10
feet per day. The carbonate bedrock aquifer
underlies the confining unit and is composed
predominantly of Silurian and Devonian dolo-
mitic limestone and dolomite. Irrigation wells
usually derive water from this aquifer. Wells
completed in the bedrock aquifer yield from
10 to 2,200 gallons per minute, mostly from
secondary fractures and joints. Regional trans-
missivity for the bedrock aquifer ranges from
1,000 to 5,000 feet squared per day, and
the median calculated transmissivity is about
2,000 feet squared per day.

A nine-layer digital model was developed
to simulate flow in the ground-water system.
The model used lithologic information and
estimates of transmissivity and horizontal
hydraulic conductivity from driller’s logs, esti-
mates of recharge from streamflow data, and
historical pumpage data. The mean absolute
errors for simulated water levels in the bedrock
aquifer ranged from 5 to 7 feet for two periods
of irrigation. The model is most accurate
where data for confining-unit thickness and
bedrock water levels are available.

Abstract 1



Model results indicate that most ground water
is derived locally from precipitation recharge,
which leaks to the bedrock aquifer rather
than originating as flux across the study-area
boundaries. The clay confining unit is the
most important component of the flow system
because it controls the rate of leakage to and
affects the water-level drawdowns in the
bedrock aquifer. Pumping does not signifi-
cantly affect total flow in the system. Even
in the dry year of 1988, when irrigation
increased, pumpage in August was only

28 percent of total flow through the system.
Although irrigation pumpage does not exceed
recharge, drawdowns in the bedrock aquifer
caused by pumpage can lead to conflicts
among ground-water users.

INTRODUCTION

Irrigation has been practiced since the early
1950’s in parts of Newton and Jasper Counties and
adjacent areas of northwestern Indiana (fig. 1) to
supplement inadequate soil moisture during the
growing season. Most of the water for irrigation is
pumped from a carbonate bedrock aquifer~ that
underlies extensive glacial drift. Seasonal
irrigation pumpage has caused large water-level
declines in several observation wells in Newton
and Jasper Counties (Basch and Funkhouser,
1985). Similar declines could occur in Lake and
Porter Counties as irrigation demand increases. In
Mlinois, pumping from the same bedrock aquifer is
causing ground-water-level declines and interstate
water-resource concerns at the State boundary. In
both states, pumping can lower water levels until
the carbonate bedrock aquifer is dewatered and
ground-water resources are depleted.

In 1976, the U.S. Geological Survey, in
cooperation with the Indiana Department of
Natural Resources, began a study to assess the
effects of irrigation on the ground-water system in

2Terms in bold are defined in the Glossary, page 37.

Newton and Jasper Counties, Indiana (Bergeron,
1981). One of the objectives of the 1976 study was
to evaluate the short-term and long-term effects of
increasing pumping on ground-water levels and
streamflow. A computer model that simulates
ground-water flow was developed to help
determine these effects.

In 1986, the U.S. Geological Survey, in
cooperation with the Indiana Department of
Natural Resources, began a new study that used
recent pumpage data and water-level hydrographs
to further refine hydraulic characteristics used in
anew model described by this report. In the
previous model by Bergeron (1981), data for large
ground-water withdrawals for irrigation in several
areas were not available for simulation and a more
rigorous test of Bergeron’s model was not possible.
Irrigation withdrawals for 1986 used in the new
model provided an opportunity to test the model-
parameter values determined with Bergeron’s
model (1981). After testing, calibrated parameter
values for the new model then were further
evaluated by use of pumpages from a year of large
withdrawals (1988). The two sets of pumpages
stressed the model within the anticipated range of
application by the Indiana Department of Natural
Resources.

Purpose and Scope

The purpose of this report is to describe the
geohydrologic setting, the effects of recent
irrigation pumping on ground-water levels in
parts of Newton and Jasper Counties and adjacent
arcas, and the results of computer simulations of
the ground-water-flow system during two recent
irrigation seasons. The description of the
geohydrology includes general geology, aquifer
geometry, hydraulic characteristics of the aquifers
and confining unit, and the sources, discharges,
and flow paths of ground water. The effects of
recent pumping are illustrated by ground-water
hydrographs of the sand and gravel aquifer and
carbonate bedrock aquifer. The simulations
used a finite-difference, three-dimensional,
ground-water-flow model. Model development,
calibration, sensitivity analysis, and limitations
are described. Irrigation pumpage data from 1986
and 1988 were used to refine model parameters and
to test model design.
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