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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain

Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area -
’
square foot (ft?) 0.09290 square meter
square mile (miz) 2.590 square kilometer
Mass
pound (Ib) 453.6 gram
ton (short) 0.9072 megagram
ton per day (ton/d) 0.0105 kilogram per second
Flow
cubic foot per second (,ft3/s) 0.02832 cubic meter per second
Temperature
degree Fahrenheit (°F) (1) degree Celsius (°C) 4

loc = 5/9 (°F - 32).
OF = 9/5 (°C) + 32.

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.

Water year: A water year is a 12-month period, from October 1 through September 30, designated by the
calendar year in which it ends. Years are water years in this report unless otherwise stated.

WATER-QUALITY ABBREVIATIONS

centibars (cbar)

micrograms per liter (ug/L)

milligrams per liter (mg/L)

microsiemens per centimeter at 25 degrees Celsius (US/cm)
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Hydrologic Data for the Big Spring Basin, Clayton
County, lowa, Water Year 1991

By S.J. Kalkhoff, and R.L. Kuzniar

ABSTRACT

Hydrologic data were collected in the Big
Spring Basin located in Clayton County, lowa,
during the 1991 water year. The data were
collected by the U.S. Geological Survey in
cooperation with the lowa Department of
Natural Resources, Geological Survey Bureau,
to provide information on variation and
movement of agricultural chemicals in the
hydrologic cycle in the basin. Precipitation,
surface-water, and ground-water data were
collected.

The largest amount of rainfall during
water year 1991 (54.69 inches) was measured
at the monitoring site on Unnamed Creek near
Luana. The largest monthly rainfall (14.72
inches) occurred in June. Analyses of 39 rain
samples indicated that calcium and sulfate
were the predominant ions and that median
concentrations of nitrate and ammonia as
nitrogen were 0.36 and 0.49 mg/L (milligrams
per liter), respectively.

Stream discharge, specific conductance,
pH, and water temperature were monitored
continuously, and monthly water-quality
samples were collected at a site on Roberts
Creek and at Big Spring. Nitrite plus nitrate as
nitrogen concentrations in 27 samples from
Roberts Creek at the point where it leaves the
study area ranged from 1.8 to 22 mg/L.
Herbicide concentrations in 26 samples from
the Roberts Creek site ranged from less than
0.10 pug/L (micrograms per liter) to 43 pg/L.
Alachlor was detected in 42 percent of the
samples; atrazine in 92 percent; and cyanazine
and metolachlor in 35 percent of the samples.

The total suspended-sediment load discharged
in Roberts Creek was about 160,000 tons. At
Big Spring, the ground-water discharge point,
the daily mean specific conductance ranged
from 414 to 788 microsiemens per centimeter
at 25 degrees Celsius, the daily median pH
ranged from 6.7 to 7.1, and the daily mean
water temperature ranged from 8.5 to

13.0 degrees Celsius. Concentrations of nitrite
plus nitrate as nitrogen in 23 samples ranged
from 4.2 to 17 mg/L. The total measured
suspended-sediment discharged from Big
Spring was about 17,000 tons. Alachlor was
detected in 26 percent; atrazine in 100 percent;
cyanazine in 26 percent, and metolachlor in 9
percent of the samples. The maximum atrazine
concentration was 16 pg/L.

INTRODUCTION

There is interest nationally, as well as within
the State of Iowa, to understand, quantify, and
minimize the occurrence of agricultural chemicals
in surface and ground water. In response to this
interest, the Big Spring ground-water basin in
Clayton County, Iowa, has become nationally
known since 1980 for studies to improve ground-
water quality through modification of agricultural
practices. Numerous multidisciplinary studies that
include agronomy, geology, hydrology, biology.
and socioeconomics of the basin currently (1991)
are being conducted.

The unique ground-water flow system in the
Big Spring Basin aids in studying the movement of
agricultural chemicals. Much of the ground water
in the basin is intercepted by a moderately
developed karst system within the Galena aquifer
and is discharged at Big Spring. Thus, ground
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water that discharges from Big Spring is
composited from the entire basin. The extent of the
ground-water drainage basin has been defined by
dye tracing and potentiometric-surface mapping
(Hallberg and others, 1983). Nearly all land in the
basin is farmed and a clear link between agricul-
tural chemicals and ground-water contamination
has been established (Hallberg and others, 1983,
1984; Libra and others, 1986).

Beginning in October 1987, the U.S.
Geological Survey, in cooperation with the Iowa
Department of Natural Resources, Geological
Survey Bureau, has collected water quantity and
quality data in the Big Spring Basin. These data are
needed to refine the understanding of the hydro-
logic cycle in the basin and the agricultural-
chemical transport processes in the surface- and
ground-water systems. The dynamic nature of
surface- and ground-water flow in the basin
requires that some facets of water quantity and
quality be monitored continuously. The data
collected in this study will aid the understanding of
this flow system.

This report is the fourth in a series of data
reports that present the data collected by the U.S.
Geological Survey in the Big Spring Basin.
Previous reports document data collected by the
U.S. Geological Survey in water years 1988
(Kalkhoff, 1989), 1989 (Kalkhoff and Kuzniar,
1991), and 1990 (Kalkhoff and others, 1992).

Purpose and Scope

The purpose of this report is to present
hydrologic data collected in the Big Spring Basin
during water year 1991 by the U.S. Geological
Survey. These data include information on the
quantity and quality of precipitation, and of surface
and ground water. The scope of data-collection
activities includes measuring the input (precipita-
tion) and the output (stream and spring discharge)
from the hydrologic system. Also included are data
from continuous monitoring of selected physical
properties and water-quality constituents (water
temperature, specific conductance, and pH) of the
water leaving the system. In addition, suspended-
sediment load leaving the basin was determined.
Hydrologic data were collected in the Deer Creek

subbasin to study surface- and ground-water
relations.

Hydrologic data are summarized and
presented graphically in the text and are tabulated
in the hydrologic data section in the back of the
report. Additional water discharge and chemistry
data are collected by State, Federal, and university
researchers through ongoing studies. This report
does not include the additional data. A report
detailing hydrogeologic observations from bedrock
monitoring wells in the Big Spring Basin was
released in water year 1991 by the Iowa
Department of Natural Resources, Geological 6
Survey Bureau (Rowden and Libra, 1990).

Study Area

The study area (fig. 1), located in Clayton
County in northeastern lowa, is a 103 mi’ ground-
water basin that drains through Big Spring
(Hallberg and others, 1983). Streams in the study
area include Roberts Creek and its major tributary,
Silver Creek, which drain approximately
69 percent (70.7 mi%) of the basin. The rest of the
basin is drained by Howard Creek (approximately
18 mjz), Hatchery Creek (8.8 mi?), and several
small intermittent streams. The hydrogeology of
the Big Spring Basin is described in detail by
Hallberg and others (1983) and will be briefly
summarized here. Unconsolidated aquifers
generally are found throughout the basin in loess i
and alluvial deposits. The Galena and the Saint
Peter aquifers are in bedrock material that underlie
the entire basin.

Methodology

Precipitation was measured at four monitoring
sites (fig. 1). At three sites, DCS, RC2, and
BOOGD, precipitation was recorded digitally
every 15 minutes. At Big Spring, precipitation was
recorded continuously.

Precipitation samples were collected auto-
matically at Big Spring with a wet/dry precipitation
collector. During periods of precipitation, a
container was exposed to catch the rain or snow.
Between rainfall occurrences the container was
covered to avoid the collection of particulate
matter. Containers were removed, and the contents
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analyzed weekly. Site operations are described by
the National Atmospheric Deposition
Program/National Trends Network (1988).

Water quality was monitored continuously in
Roberts Creek above Saint Olaf (RC2), the primary
surface-water discharge point, and at Big Spring,
the primary ground-water discharge point (fig. 2).
Continuous water-quality monitoring was

discontinued at site RC2 on June 15, 1991, when
floodwaters destroyed the instrument shelter. Water
samples for chemical analyses were collected
monthly and during periods of snowmelt and
intense rainfall at two sites--Unnamed Creek near
Luana (BOOGD) and Deer Creek near Postville
(DCS). Stream and spring stage also were recorded
continuously for later calculation of discharge and
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sediment load. Location data for the water-quality
monitoring sites are shown in table 1 at the end of
this report.

The physical properties and chemical
constituents continuously monitored in Roberts
Creek and Big Spring are specific conductance,
pH, and water temperature. These constituents are
measured using a multiple-parameter meter that
digitally records readings at 15-minute intervals.
The data are retrieved weekly by computer through
a telephone modem. Values determined by the
multiple-parameter meter were calibrated weekly
against specific-conductance reference and pH
buffer solutions. Temperature values were
calibrated with a mercury thermometer. Stage was
recorded continuously at stream sites DCS5, RC2,
23S, and BOOGD with bubble-gage sensors and
digital recorders (Rantz and others, 1982a,
p. 32-39). Stage measurements were calibrated by
comparison to permanent reference marks. Stream
discharge was calculated from stage using stage-
discharge relations (Kennedy, 1983, p. 30-32) or by
using the theoretical-discharge equation for
V-notch weirs (Rantz and others, 1982b, p. 305).
Daily mean values were calculated from the
15-minute observations and permanently stored in
the U.S. Geological Survey National Water Data
Storage and Retrieval System (WATSTORE) data
base. Stream discharge normally was measured by
current-meter methods (Buchanan and Somers,
1969).

Water temperatures and dissolved-oxygen
concentrations were measured in a flowing section
of the stream or spring pool at the time of sample
collection. Water temperatures were measured with
a standard mercury or alcohol thermometer that
had been compared with a laboratory-grade
thermometer for accuracy. Dissolved-oxygen
concentrations were measured with a dissolved-
oxygen meter. The pH and specific conductance of
the water were measured immediately after sample
collection.

Suspended-sediment samples were collected
periodically by local observers, technicians, and by
automatic samplers during storms. The observers
collected depth-integrated samples at one vertical
in the center of flow using techniques described by
Guy and Norman (1970). Samples were collected
three times per week at Roberts Creek above Saint
Olaf (RC2), intermittently at Unnamed Creek near

Luana (BOOGD), and weekly at Big Spring.

Water levels in the principal water-supply
aquifers in the basin were recorded at four well
nests (table 2). At each well nest, water levels were
recorded for the unconsolidated aquifers, the
Galena aquifer, and the Saint Peter aquifer. Water
levels were sensed by a float and then recorded
hourly for subsequent storage in the WATSTORE
data base. Seven additional wells were used to
monitor water levels and water quality in the Deer
Creek watershed. Water samples for chemical
analyses were collected from wells after a
minimum of three casing volumes had been
pumped from the well or the well had been bailed
dry and allowed to recover.

Water samples also were collected from
lysimeters and tile lines to determine the
ground-water quality in the Deer Creek watershed.
Seven lysimeters were used to collect samples
from the water table or unsaturated zone depending
on the water level at the time of sampling in the
Deer Creek watershed. Lysimeters DCLA through
DCLD are located near Deer Creek 1n alluvium,
and lysimeters DCLE through' DCLG are located in
the loess on the hillslope approximately 400 ft
from Deer Creek. During water year 1991, lysi-
meters DCLA, DCLB, and DCLC always were in
the saturated zone. DCLD was in the saturated
zone from March 1991 through the middle of July.
Lysimeters were evacuated to a vacuum of 60 to
70 cbar with a hand pump and allowed to
equilibrate about 24 hours; this allowed water to
flow into the lysimeter under partial vacuum
conditions. The sample was removed by purging
with air. Tile lines were sampled at two sites
(DCT1 and DCT?2).

Samples for chemical analyses were prepared
as described in table 3 for shipment to the
laboratory. Analyses of water samples by the
University of lowa Hygienic Laboratories in Iowa
City and Des Moines, lowa, followed the analytical
methods listed in table 3.

Suspended-sediment concentrations were
determined by the U.S. Geological Survey
Sediment Laboratory in lowa City, lowa, using
standard filtration and evaporation methods (Guy,
1969).

In this report, a shorthand terminology is used
to describe the results of the chemical analyses for
nitrogen species and herbicides. The results of the
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analyses of the nitrogen species are reported in
concentrations as nitrogen for nitrite plus nitrate,
ammonia, and organic nitrogen. To save space and
yet show that the results are concentrations as
nitrogen, “nitrate-N" is used for nitrate plus nitrite
as nitrogen; “ammonia-N" is used for ammonia as
nitrogen, and “organic-N" is used for organic
nitrogen. A fraction of the herbicides in a sample
generally are lost during the extraction procedure.
Therefore, results of the analyses are reported as
total-recoverable concentrations. No attempt was
made to correct herbicide concentrations for
extraction loss.
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HYDROLOGIC DATA SUMMARY

Precipitation

Precipitation data for site DCS is complete
except for 5 days in March. Precipitation data for
Unnamed Creek near Luana are complete except
for a 9-day period from May 9 through 18 due to
equipment malfunction, and precipitation data for
Roberts Creek above Saint Olaf (RC2) are
complete except for a 5-day period from June 15
through 19. Precipitation was measured and
sampled 46 of 52 weeks at Big Spring during water
year 1991(0O’Connell and others, 1991). Data were
not collected from June 11 to July 23 because the

rain gage and sampler were damaged by flood-
waters from the Turkey River.

Quantity

Rainfall for the 46 weeks that data were col-
lected at Big Spring totaled 32.67 in. with a median
weekly rainfall of 0.44 in. (table 4). During the
period the gage was not in operation, 11.42 and
16.98 1n. were recorded at sites DC5 and BOOGD
in the Big Spring Basin.

Precipitation at Deer Creek near Postville
(DCS), Unnamed Creek near Luana (BOOGD),
and Roberts Creek above Saint Olaf (RC2) is listed
in table 5. The rainfall measured for water year
1991 was 37.63 in. at site DCS, 54.69 in. at site
BOOGD, and 40.37 in. at site RC2. The largest
monthly rainfall occurred in June when 14.72 in.
fell at site BOOGD and 9.93 in. fell at site DCS.
The largest daily rainfall at site BOOGD was
11.98 in. on June 14, 1991.

Quality

Weekly precipitation samples were collected
during 39 weeks when measurable rainfall occur-
red at Big Spring. Results of chemical analyses of
these samples are summarized in table 4. The
median concentration of the predominant cation,
calcium, was 0.47 mg/L, and the median concen-
tration of the predominant anion, sulfate, was
1.5 mg/L. The median concentrations of nitrate-N
and ammonia-N were 0.36 and 0.49 mg/L, respect-
ively. Maximum concentrations of all major ions
were less than 10 mg/L.

Surface Water

Deer Creek

Discharge and water-quality data were col-
lected at site DC5 on Deer Creek (fig. 3) to deter-
mine the relation between surface and ground
water in this 1.1 mi” watershed.

Discharge

Stream discharge data were continuously
recorded except for the periods from March 9
through 12 and June 14 through 19 when the
instrumentation was not operational because of
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flooding (table 6). Daily mean discharge recorded
at site DCS ranged from 0.10 ft*/s on February 14
and 15 to 3.1 ft'/s on April 15, 1991. The largest
recorded daily mean discharge was 3.1 ft/s.
However, the largest daily mean discharge for the
water year actually occurred after the greatest daily
rainfall (table 5) on June 14, which caused flooding
and destroyed the recording equipment. Mean
monthly discharge for months that have complete
record ranged from 0.14 ft’/s in February to
1.21 ft¥/s in April 1991.

Water Quality

The specific conductance at site DCS on Deer
Creek ranged from 350 to 660 puS/cm, pH from
7.2 to 8.2 standard units, and dissolved oxygen
from 6.2 to 14.1 mg/L (table 7). Nitrate-N was the
predominant nitrogen species in 21 of 22 samples,
and organic-N was the predominant nitrogen
species in one sample (table 8). Nitrate-N concen-
trations ranged from 0.80 to 12 mg/L. Organic-N
concentrations ranged from 0.20 to 17 mg/L.

Three herbicides, alachlor, atrazine, and
metolachlor, were detected in 14 of the 22 samples
collected at site DCS on Deer Creek (fig. 4 and
table 9). Alachlor concentrations ranged from less
than the detection limit (0.10 pg/L) to 0.34 pg/L
and were greater than the detection limit in
9 percent of the samples. Atrazine concentrations
ranged from less than the detection limit
(0.10 pug/L) to 11 pg/L and were equal to or greater
than the detection limit (0.10 pg/L) in 64 percent of
the samples. Metolachlor concentrations ranged
from less than the detection limit (0.10 pg/L) to
11 pg/LL and were equal to or greater than the
detection limit in about 23 percent of the samples.
Butylate, cyanazine, metribuzin, and trifluralin
were not detected.

Silver Creek

The maximum daily mean discharge (431 ft3/s)
at site .23S on Silver Creek was recorded on June
15, 1991, and the minimum daily mean discharge
(0.22 ft3/s) was recorded on December 5, 1990
(fig. 5 and table 10). The maximum instantaneous
discharge for the period of record (3,300 ft3/s) was
recorded on June 15, 1991. This peak discharge is
1.23 times the 100-year recurrence interval
(O’Connell and others, 1991). Daily mean

discharge exceeded 10 ft’/s about 5 percent of the
year; 1.0 ft¥/s about 55 percent; and 0.10 ft/s,
100 percent (fig. 6). The median daily discharge
was 1.3 ft'/s.

Unnamed Creek

Discharge

Generally, there was no streamflow in
Unnamed Creek at site BOOGD from October 30,
1990, through February 28, 1991 (table 11). The
maximum daily mean discharge at site BOOGD
was 100 ft*/s on June 15, 1991. The maximum
instantaneous discharge (880 ft 3/s) for the period
of record was recorded on June 15, 1991. This peak
discharge has a calculated recurrence interval of
25 years (O’Connell and others, 1991) Daily mean
discharge exceeded 10 ft3/s about 2 percent of the
year, 1.0 ft’/s about 27 percent, and 0.10 ft2/s
approximately 50 percent. There was no stream-
flow during 33 percent of the days during water
year 1991.

Water Quality

The specific conductance in 16 samples
ranged from 265 to 793 uS/cm, pH from 7.1 to
8.1 standard units, and dissolved oxygen from 7.5
to 11.8 mg/L (table 7). Nitrate-N concentrations
ranged from 4.2 to 27 mg/L. Ammonia-N concen-
trations ranged from less than 0.10 to 0.60 mg/L.
Organic-N concentrations ranged from less than
0.10 to 2.7 mg/L.

Herbicides were detected in 15 of 16 samples
from site BOOGD (table 9). Alachlor was detected
in 25 percent of the samples, atrazine in about
94 percent, cyanazine in about 38 percent of the
samples, and metolachlor in about 12 percent of
the samples. Alachlor concentrations ranged from
less than 0.10 to 2.4 pg/L, atrazine from less than
0.10 to 9.0 pug/L, cyanazine from less than 0.10 to
2.6 ng/ L, and metolachlor from less than 0.10 to
0.3 pg/L.

Measured daily-mean suspended-sediment
concentrations ranged from 7.0 mg/L on April 26,
1991, to 2,170 mg/L on June 14, 1991. The
suspended-sediment load ranged from O on days of
no streamflow to 1,060 ton/d on June 14 (fig. 7 and
table 12). The suspended-sediment discharged
during 2 days, June 14 and 15, was about

8 Hydrologic Data for the Big Spring Basin, Clayton County, lowa, Water Year 1991
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77 percent of the total suspended-sediment load for
water year 1991.

Roberts Creek

Discharge

Daily mean discharge at site RC2 on Roberts
Creek is listed in table 13 and illustrated in
figure 8. The median discharge at site RC2 for the
1991 water year was 3.3 ft3/s. Maximum daily
mean discharge (7,090 ft3/s) occurred on June 15,
1991. The maximum instantaneous discharge was
19,600 ft*/s at 3:30 a.m. on June 15, 1991. No
streamflow was recorded during 6 days in
September 1991. Flow duration is shown in figure
6. Mean daily discharge exceeded 0.10 ft3/s
approximately 87 percent of the time during water
year 1991, exceeded 1.0 ft/ s approximately
59 percent of the time, and exceeded 10 ft2/s
approximately 39 percent of the time.

Water Quality

The specific conductance, pH, and water
temperature were monitored continuously during
about 37 percent of the water year. The maximum
daily mean specific conductance during water year
1991 was 788 uS/cm recorded on November 10
and 11, 1990 (table 13). The minimum daily mean
specific conductance (580 pS/cm) was recorded on

March 22, 1991. Daily median pH varied from 7.1
on November 8, 1990, to 8.5 on 2 days in April and
3 days in May 1991 (table 14). The daily mean
water temperature varied from 0.5 °C (degrees
Celsius) on December 2 and 3, 1990, to 31.5°C on
May 29.

Twenty-seven samples were collected from site
RC?2 on Roberts Creek for the analyses of nitrogen,
phosphorus, and carbon species (table 8). Total
nitrate-N concentrations were greater than the
detection limit (0.10 mg/L) in all samples and
greater than 10 mg/L in 56 percent of the samples.
Nitrate-N concentrations ranged from 1.8 to
22 mg/L. Ammonia-N was detected in 59 percent
of the samples. Total ammonia-N concentrations
ranged from less than 0.10 to 1.4 mg/L. Total
organic-N concentrations ranged from 0.30 to
22 mg/L. Total orthophosphorus concentrations
ranged from less than 0.10 to 0.80 mg/L.

Twenty-six samples were collected from site
RC?2 for the analyses of seven herbicides. Four of
the seven herbicides were detected (concentration
greater than 0.10 png/L). Alachlor was detected in
42 percent of the samples, atrazine in 92 percent,
and cyanazine and metolachlor in about 35 percent
of the samples (table 9). Butylate, metribuzin, and
trifluralin were not detected. Alachlor concen-
trations ranged from less than 0.10 to 29 pg/L,
atrazine from less than 0.10 to 43 pg/L, cyanazine

10 Hydrologic Data for the Big Spring Basin, Clayton County, lowa, Water Year 1991
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from less than 0.10 to 6.6 pg/L, and metolachlor
from less than 0.10 to 6.7 pg/L.

The daily mean suspended-sediment
concentration at site RC2 ranged from 6.0 mg/L on
6 days in December 1990, to 5,340 mg/L on June
15, 1991. The daily mean suspended-sediment
loads ranged from less than 0.01 ton/d on many
days during the winter (December, January, and
February) to 144,000 ton/d on June 15, 1991 (fig. 7
and table 15) following the greatest rainfall during
the water year. The largest monthly sediment load
also was measured in June (about 150,000 tons).
The suspended-sediment discharged during June
14 and 15, 1991 (about 148,000 tons) was about
93 percent of the total suspended-sediment load for
water year 1991 (about 160,000 tons).

Ground Water

Water levels were recorded continuously at six
wells screened in unconsolidated material in the
Big Spring Basin. Well BS1-A is screened in
alluvial material in the Turkey River Valley, well
BS3-C in weathered limestone and loess, wells
BS4-B and BS4-C in glacial drift, well DCW1 in
Deer Creek alluvial material, and well DCW10 in
loess. Water levels in the bedrock Galena aquifer

were recorded continuously at four monitoring
wells (BS1-B, BS2-E, BS3-A, and BS4-A), and
water-quality data were collected at the ground-
water discharge point, Big Spring. Water levels in
the Saint Peter aquifer were monitored
continuously at two wells (BS2-G and BS4), and
two wells (BS1-D and BS3) were measured
monthly (table 16).

Unconsolidated Aquifers

The highest water levels in the unconsolidated
aquifers generally were recorded in June 1991
(table 17). The highest recorded water levels in
water year 1991 were 6.22 ft below land surface in
well BS1-A, 7.77 ft below land surface in well
BS3-C, 70.30 ft below land surface in well BS4-B,
53.56 ft below land surface in well BS4-C, 2.90 ft
below land surface in well DCW 1, and 0.29 ft
below land surface in well DCW10. The water
level in well BS1-A (fig. 9) was the highest in
April 1991 (6.22 ft below land surface) and the
lowest in December 1990 (13.71 ft below land
surface). Data were lost from well BS1-A from
June 15 through June 25, 1991, because the
recorder was inundated when the Turkey River
flooded. The lowest water level in well BS3-C was
15.36 ft below land surface on November 7, 1990,

Hydrologic Data Summary 11
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and the water level in well BS4-B was lowest
(73.77 ft below land surface) on February 20,
1991. The lowest water level in well BS4-C was
57.63 ft below land surface; in well DCW1, 5.86 ft
below land surface; and in well DCW10, 11.15 ft
below land surface.

As part of an investigation to study the
relation between shallow ground water and surface
water, samples were collected for chemical
analyses from five wells (DCW2, DCW3, DCW7,
DCWS, and DCW11) and seven suction lysimeters
(DCLA to DCLG) completed in unconsolidated
material in the Deer Creek watershed. Discharge
from a tile line that drains unconsolidated material
in the Deer Creek watershed also was sampled
(DCT?2). The location and well-construction data
for the wells and lysimeters are given in table 2.
Onsite determinations of selected water-quality
constituents in water from the wells, tile lines, and
the lysimeters are listed in table 18.

Onsite measurements of selected water-quality
constituents were made for 12 samples collected
from each of wells DCW2 and DCW3, 5 from well
DCW7, 6 from well DCW8, and 7 samples from
well DCW11 (table 18). Nitrogen, phosphorous,
and carbon species, and seven herbicides also were
analyzed for the 42 well samples (tables 19 and
20). The following discussion summarizes the
results from all 42 samples. Nitrate-N was detected
in 69 percent of the samples, and concentrations
ranged from less than 0.10 to 33 mg/L.
Ammonia-N was detected in 76 percent of the
samples, and concentrations ranged from less than
0.10 to 1.5 mg/L. Organic-N was detected in 83
percent of the samples, and concentrations ranged
from less than 0.10 to 8.8 mg/L. Orthophosphorus
concentrations were less than the detection limit
(0.10 mg/L) in about 45 percent of the samples.
Alachlor was detected in two samples, atrazine was
detected in 31 percent of the samples, and metola-
chlor was detected in 14 percent of the well
samples. The atrazine concentrations ranged from
less than 0.10 to 8.3 pg/L, and metolachlor
concentrations ranged from less than 0.10 to
4.0 png/L.

Nitrate-N concentrations in water from the
deepest lysimeters, DCLLA and DCLB, near Deer
Creek were less than or at the detection limit
(0.10 mg/L) in all samples (table 19). Nitrate-N
concentrations in the two shallowest lysimeters,

DCLC and DCLD, located near Deer Creek were
greater than the detection limit in all samples and
ranged from 0.20 to 63 mg/L. Nitrate-N concen-
trations in samples from DCLC ranged from
0.20 to 8.3 mg/L, and concentrations in samples
from DCLD ranged from 16 to 63 mg/L. Nitrate-N
concentrations in samples from the lysimeters
located on the hillslope, DCLE through DCLG,
were greater than 10 mg/L. Nitrate-N concentra-
tions in the lysimeter 10 ft below land surface
(DCLE) ranged from 13 to 16 mg/L, in the
lysimeter 7.0 ft below land surface ranged from
39 to 47 mg/L, and in the lysimeter 4.0 ft below
land surface ranged from 100 to 140 mg/L.

Ammonia-N concentrations were less than the
detection limit (0.10 mg/L) in 72 percent of
53 samples from all lysimeters. Ammonia-N
concentrations exceeded 0.20 mg/L in only one
sample. Organic-N concentrations in the seven
lysimeters ranged from less than 0.10 to 1.1 mg/ L.
Total nitrogen concentrations (nitrate-N,
ammonia-N, and organic-N) in samples from the
lysimeters located near Deer Creek (alluvium) are
shown in figure 10, and those located on the
hillslope (loess) are shown in figure 11.

One of the seven analyzed herbicides,
atrazine, was detected in lysimeters DCLA and
DCLC installed at 8.5 and 5.5 ft below land surface
near Deer Creek (table 20). Atrazine was detected
in about 31 percent of the 27 samples from the
three deepest lysimeters. The maximum concentra-
tion was 0.25 ug/L. Both atrazine and metolachlor
were detected in samples from lysimeter DCLD
installed at 4.0 ft below land surface. Atrazine was
detected in all samples from lysimeter DCLD in
concentrations from 0.58 to 1.6 pug/L, and
metolachlor was detected in three samples in
concentrations ranging from 0.12 to 0.37 pg/L.
Atrazine and metolachlor were the only herbicides
detected in samples from the hillslope lysimeters
(DCLE through DCLG). Atrazine concentrations
in samples from these lysimeters ranged from less
than 0.10 to 0.91 pg/L. Metolachlor concentrations
ranged from less than 0.10 to 0.27 pg/L Atrazine
and metolachlor concentrations in lysimeter water
samples are shown in figures 12 to 15,

Eleven ground-water samples were collected
at site DCT2 and one sample was collected from
site DCT1 in the Deer Creek watershed for the
analyses of nitrogen, phosphorus, and carbon
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Figure 12. Total-recoverable atrazine and the water level in alluvium in the Deer Creek watershed, water year 1991.
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Figure 13. Daily precipitation, total-recoverable atrazine, and the water level in the loess at a site in the Deer Creek
watershed, water year 1991,
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Figure 14. Total-recoverable metolachlor and the water level in alluvium in the Deer Creek watershed,

water year 1991.
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Figure 15. Daily precipitation, total-recoverable metolachlor, and the water level in the loess at a site in the Deer Creek
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species and seven selected herbicides. Nitrate-N
concentrations ranged from 0.60 to 43 mg/L,
ammonia-N concentrations ranged from less than
the detection limit (0.10 mg/L) to 0.50 mg/L, and
organic-N concentrations ranged from 0.70 to
3.3 mg/L. Orthophosphorus concentrations ranged
from less than the detection limit (0.10 mg/L) to
0.20 mg/L. Two of the seven herbicides were
detected. Atrazine concentrations were greater than
the detection limit in 9 of the 12 samples. Atrazine
concentrations ranged from less than the detection
[imit (0.10) to 0.54 pg/L.. Metolachlor was detected
in 2 of 12 samples in concentrations ranging from
less than the detection limit (0.10) to 0.34 pg/L.

Galena Aquifer

Water Levels

The highest water levels in the Galena aquifer
generally were measured in April or June 1991
(table 21 and fig. 16). The highest daily mean water
level in well BS1-B was 2.50 ft above land surface
on June 15 just before the recorder was damaged
by flooding from the Turkey River. Water-level
data for this well were lost from June 16 through
June 30 due to damaged equipment. The highest
daily mean water level in well BS2-E was 133.06 ft
below land surface, 160.44 ft below land surface in
well BS3-A, and 200.13 ft below land surface in
well BS4-A. The lowest water level in well BS1-B
was 8.64 ft below land surface on January 29,
1991, 154.52 ft below land surface on December
25-26, 1991, in well BS2-E, 168.11 ft below land
surface on February 6, 1991, in well BS3-A, and
218.96 ft below land surface on February 20, 1991,
in well BS4-A.

Big Spring

Discharge from Big Spring was continuously
recorded and is shown in figure 17 and listed in
table 22. The discharge values are the sum of
discharge from the main spring and from a
secondary spring (Back Spring) located about
500 ft east of the main spring. The maximum daily
mean discharge was 369 ft>/s on June 15, 1991,
and the minimum daily mean discharge was
9.5 ft*/s on January 30, 1991. Mean daily discharge
equaled or exceeded 10 ft*/s more than 99 percent
of the year, equaled or exceeded 20 ft3/s about

66 percent of the year, and equaled or exceeded
30 ft*/s about 56 percent of the year (fig. 6).
Median discharge during water year 1991 was
43 ft3/s.

Continuous water-quality data collected at Big
Spring are shown as daily mean and median values
in figure 17 and are listed in tables 22 and 23. Daily
mean specific-conductance values ranged from
414 uS/cm on June 15, 1991, to 788 1uS/cm on
October 31, 1990. The maximum daily median pH
was 7.1 from February 20 through March 2, 1991,
and the minimum daily median pH was 6.7 on June
15 and September 15 and 16, 1991. Daily mean
water temperatures ranged from 8.5 °C on 17 days
in March and 1 day in April to 13.0 °C on June 15,
1991. Daily mean suspended-sediment
concentrations ranged from 4 mg/L in January and
February to 10,400 mg/L on June 15, 1991 (table
24). The suspended-sediment load ranged from
less than 0.11 ton/d on January 25, 1991, to
10,800 ton/d on June 15, 1991, following the
largest rainfall during the water year (fig. 7 and
table 24). The maximum monthly sediment load
was greater than 14, 000 tons in June 1991. The
total measured suspended-sediment load
discharged from Big Spring was about 17,000 tons.

Twenty-three samples were collected from Big
Spring during water year 1991 for the analyses of
nitrogen, phosphorus, and carbon species.
Nitrate-N generally was the predominant nitrogen
species in solution (table 19). Nitrate-N concentra-
tions ranged from 4.2 to 17 mg/L. Ammonia-N
concentrations equaled or exceeded the detection
limits in about 30 percent of the samples. The
maximum ammonia-N concentration was
0.90 mg/L. Organic-N concentrations ranged from
less than 0.10 to 28 mg/L, orthophosphorus
concentrations ranged from 0.10<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>