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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 both the United States and Canada,

formerly called Sea Level Datum of 1929.

Use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S.

Geological Survey.

Chemical concentrations are given in metric units. Chemical concentrations of substances in water are given in
milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration
of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand
micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical
value is the same as for concentrations in parts per million.
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Abstract

This study was part of the Management Systems Evaluation Area (MSEA) Program, a multi-scale, inter-agency
initiative to evaluate the effects of agricultural systems on water quality in the midwest corn belt. The research was
part of the U.S. Geological Survey Toxics Substances Hydrology Program. The research area was located in the
Anoka Sand Plain about 5 kilometers southwest of Princeton, Minnesota. This report presents temperature,
precipitation, soil-moisture, water-quality, and other data collected during 1991-95 to evaluate the effects of focused

recharge on ground-water quality at the Princeton MSEA.

Introduction

The primary objective of this 4-year research study
was to evaluate the effects of transient recharge,
topography, and subsurface heterogeneities on the flux
of water and agricultural chemicals to the water table
(Delin and Landon, 1996a). The research was part of the
Management Systems Evaluation Area (MSEA)
Program, a multi-scale, inter-agency initiative to
evaluate the effects of agricultural systems on water
quality in the midwest corn belt (Anderson and others,
1991). The research area was at the MSEA which is near
Princeton, Minnesota, in the Anoka Sand Plain, an area
of glacial outwash covering about 4,400 km? (fig. 1).
The research was conducted primarily by the Minnesota
District of the U.S. Geological Survey (USGS), in
cooperation with USGS researchers from Denver and
Reston. This report presents data collected during 1991-
95 including temperature, precipitation, well-
construction, geologic logs, moisture-retention, water-
level, soil-moisture, water-quality, and other data used
to evaluate the primary research objective. Selected
graphs are included as examples of the data collected.

lyus. Geological Survey, Mounds View, Minnesota
2yus. Geological Survey, Lakewood Colorado
3 U.S. Geological Survey, Reston, Virginia

4 Terracon Environmental, White Bear Lake, Minnesota

3 U.S. Geological Survey, Minneapolis, Minnesota

Location and Description of Research Area

The Princeton MSEA was adjacent to a wetland
located about 5 km southwest of Princeton, Minnesota
and about 80 km northwest of Minneapolis and St. Paul
(figs. 1 and 2). Topography is undulating at the 65 ha
Princeton MSEA with a maximum elevation gradient of
about 2 m over a horizontal distance of about 40 m
(Delin and others, 1994). The area is drained primarily
by Battle Brook, a tributary of the St. Francis River,
which flows into the Mississippi River. Five cropped
areas (fig. 2) were established in 1991 to evaluate the
effects of selected farming systems on ground-water
quality (Anderson and others, 1991).

The research summarized in this report was
conducted primarily at an upland site (R2) and a
lowland site (R1) within the northernmost cropped area
(fig. 2), in which corn was grown continuously during
the study. The saturated and unsaturated zones at both
sites generally contained medium-to-very coarse sand
and fine gravel with discontinuous layers of laminations
and silty sand up to 20 cm thick (table 1). The upland
and lowland sites were about 78 m apart and differed in
land-surface elevation by 1.4 m (slope of about 0.02).
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of the well screen below land surface, screen length,
spacing between the MPORTS, and elevations for the
measuring point, top, and bottom of the screen.

The amounts and times of fertilizer, herbicide, and
irrigation water applied to the entire area in which the
upland and lowland research sites are located (area E),
as well as only to the upland and lowland sites, are
summarized in the ‘chemrate’ file. Chemicals applied to
the entire field include nitrogen (from ammonia
fertilizer [urea], diammonium phosphate, and
ammonium sulfate), potassium (from potassium
chloride), chloride (from potassium chloride),
magnesium (from potassium magnesium sulfate),
phosphorus (from diammonium phosphate), sulfur
(from zinc suifate and ammonium sulfate), zinc (from
zinc sulfate), atrazine, and alachlor. Additional
chemicals applied only to the upland and lowland sites
include nitrogen (from NO;-N), fluoride (from
potassium fluoride), iodide (from potassium iodide),
and rhodamine WT. Chemicals applied only to the
upland and lowland sites were generally used during
recharge experiments as tracers of water and agricultural
chemicals through the unsaturated and saturated zones.

Results of chemical analyses of water from the
unsaturated and saturated zones at the upland and
lowland sites are included in the ‘chem’ file. Please
contact the authors for the most complete version of this
file. The date and time each sample was coliected are
also included in the file. Results of the quality assurance
analyses for the study are presented by Landon and
others (1997).

Results of chemical analyses associated with the
recharge experiment conducted in October 1993 are
included in the ‘chem1093’ file. Included are tables of
precipitation data, results of laboratory column
experiments, and results of field tracer experiments. For
the field experiments, data are included for water
samples and for soil cores collected at the upland and
lowland sites. Excel charts are included for some of the
data which illustrate changes in selected chemical
concentrations during the field tracer experiments.
Charts showing vertical profiles for selected chemical
concentrations in the soil cores are also inciuded.

The X,Y,Z locations of the unsaturated-zone
instruments installed at the upland and lowland sites are
included in the ‘rlinstr’ and ‘r2instr’ files, respectively.
Also included in each file is information relevant to
wiring the electronic equipment to the multiplexors and
dataloggers.
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Soil-analysis data are summarized in the ‘rluzsum’
and ‘r2uzsum’ files, respectively. The data are sorted by
trench face (A, B, C, D, or trench floor) and X,Y,Z
location. In addition to the X,Y,Z location of each
sample, each file lists the percent silt and clay content,
d50 particle size, standard deviation of particle size, d10
particle size, thodamine WT dye fluorescence, moisture
content by weight, bulk density, volumetric moisture
content, percent porosity, percent saturation, percent
organic carbon content, saturated hydraulic conductivity
(calculated by H.W. Olsen, U.S. Geological Survey,
Golden, Colorado, written commun., 1992), saturated
hydraulic conductivity based on d10 particle size,
natural log of saturated hydraulic conductivity based on
d10 particle size, and the van Genuchten alpha, n, and
residual moisture content parameters. An ‘X’ is placed
in cells where values were not calculated. Samples that
were collected from a lamination at the upland site are
labeled accordingly. Selected analyses were obtained
from samples that were saturated with water. These
samples have a ‘water’ label added to them.

Water-level data measured by steel tape and collected
by the dataloggers during 1992-95 at the upland and
lowland sites are included in the ‘rlwatlev’ and
‘r2watlev’ files, respectively. The water-level data are
listed both as elevations, depths below land surface, and
depths below measuring point. Units of both feet and
meters are included. Dates are listed both as month-day-
year and Julian day. The stickup of each well and the
battery voltage are also included. Where data were not
recorded, the cells in the spreadsheet are left biank. A
chart is included which illustrates water-level
fluctuations throughout the period of record.

Temperature data are summarized in all of the files
having ‘tc’ as part of their filename. Included are
temperatures for the reference thermistor, saturated-
zone thermocoupies (TC1-TC6), and unsaturated-zone
thermocoupies. The reference thermistor was used for
calibrating the thermocouple temperature
measurements. At the upland site, the preferential flow
zone thermocouples are labeled TC42-TC430 and the
retarded flow zone thermocouples are labeled TC32-
TC330. At the lowland site, the preferential flow zone
thermocouples are labeled TC12-TC130 and the
retarded flow zone thermocouples are labeled TC22-
TC230. Where data were not recorded, the cells in the
spreadsheet are left blank. Some of the temperature data
are ‘noisy’, reflecting either electronic interference
within the datalogger recording systems or diurnal
temperature fluctuations. Selected sets of these ‘noisy’
data were smoothed in a separate section of the
spreadsheet by creating a running average of the five



previous and five succeeding temperature
measurements. Charts are included which illustrate
temperature fluctuations throughout the period of record
for both the original and the smoothed data.

TDR data are summarized in all of the files having
‘tdr’ as part of their filename. Included are volumetric
moisture contents at the upland site for probes TDR72-
TDR730 (retarded flow zone) and TDR82-TDR830
(preferential flow zone) and at the lowland site for
probes TDR52-TDRS530 (retarded flow zone) and
TDR62-TDR630 (preferential flow zone). Volumetric
moisture contents are also included for the reference
TDR probes. Where data were not recorded, the cells in
the spreadsheet are left blank. Columns are also
included that provide an average volumetric moisture
content for TDR probes in the upper 40 and 200 cm of
the unsaturated zone. Charts are included which
illustrate fluctuations in volumetric moisture content
throughout the period of record.
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