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CONVERSION FACTORS

Multiply By To obtain

inch (in.) 25.4 | millimeter

inch (in.) 2.54 } centimeter

foot (ft) 0.3048 meter
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cubic foot per second (ft*/s) 0.02832 cubic meter per second
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ton, short 0.9072 ‘ megagram

Temperature, in degrees Fahrenheit, can be converted to degree Celsius by use of the following formula:

degree Fahrenheit (°F) °C=5/9 (°F-32) degree Celsius (°C)

vi



HYDROLOGIC AND WATER-QUALITY DATA
FOR THE EAST RIVER BASIN IN
NORTHEASTERN WISCONSIN

By Peter E. Hughes

ABSTRACT

Hydrologic and precipitation data and water-
quality samples were collected by the U.S.
Geological Survey from rivers in the East River
basin in northeastern Wisconsin during 1985-86.
The Fox Valley Water Quality Planning Agency
suspected that agricultural and urban nonpoint-
source discharges were contributing significantly to
the degradation of water quality in the basin.

Two continuous record streamflow and water-
quality gaging stations were established: one on
the East River at Monroe Street in Green Bay and
the other on Bower Creek at Sunnyview Road
near De Pere. Streamflow for the 1986 water year
was greater than twice the long-term (1967-86)
average and precipitation was 33 percent greater
than the long-term (1951-80) average. Average
daily streamflow at the East River during the 1986
water year was 185 cubic feet per second.
Average daily streamflow at Bower Creek was 6
cubic feet per second.

Suspended-sediment yields were greatest in
Bower Creek—264 tons per square mile per year;
yields were 125 tons per square mile per year at
the East River site. Total-phosphorus yields at the
Bower Creek gage were 2,680 pounds per square
mile per year; yields were 1,130 pounds per
square mile per year at the East River site. The
measured yields of suspended sediment and total
phosphorus from the East River site, during the
1986 water year, were significantly larger than the
estimated average yields for the Fox River at
Wrightstown. During a year of normal streamflow,
the East River would probably contribute a maxi-
mum of 10 percent of the total suspended sedi-
ment and 9 percent of the total-phosphorus load
transported to the mouth of the Fox River.

Dissolved-oxygen concentrations tended to
decrease upstream from the mouth of the East
River. The daily mean dissolved-oxygen concen-
tration was often less than 5 milligrams per liter at
all three of the East River monitoring locations.
Minimum dissolved-oxygen concentrations of 1 to
2 milligrams per liter were recorded at all sites.

The acceptable fecal coliform level for
recreational water quality of 200 counts per 100
milliliters was exceeded at the three East River
sites and Bower Creek in more than half of the
samples. More samples collected at the down-
stream sites on the East River at Monroe Street in
Green Bay and at the Allouez Avenue bridge at
Allouez contained fecal-coliform/fecal-streptococ-
cus ratios that exceeded 4.0, indicating that the
bacteria was of human origin rather than of
animal.

Mean concentrations for 5-day biochemical
oxygen demand, total-phosphorus concentration,
fecal-coliform counts, and fecal-streptococcus
counts were higher at Bower Creek than any of
the other sites monitored during 1985-86. Mean
chlorophyll a concentrations were highest at the
East River sites at Monroe Street in Green Bay
and at Allouez Avenue bridge at Allouez.

iNTRODUCTION
Background

The Brown County Land Conservation Depart-
ment has recognized that serious water-quality
problems exist in the East River basin. Excessive
sedimentation from erosion of the heavy clay soils,
nutrient loadings from both agricultural and urban
runoff, and low dissolved-oxygen concentrations
are adversely affecting on the stream’s ecology



(Fox Valley Water Quality Planning Agency, 1985).
In 1982, the Fox Valley Water Quality Planning
Agency (FVWQPA) nominated the East River
basin for inclusion in the Wisconsin Fund Program,
which provides funding for implementation of best-
management practices to control water-pollution
problems. In an effort to provide the necessary
data to support this nomination of the East River
as a Priority Watershed, the FVWQPA entered into
a cooperative study with the U.S. Geological
Survey. Contributors to this study include the Fox
Valley Water Quality Planning Agency, Green Bay
Metropolitan Sanitary District, Brown County
Conservation Alliance, Kress Foundation, Brown
County Planning Commission, Brown County Land
Conservation Department, city of Green Bay, and
the U.S. Geological Survey.

Purpose and Scope

The purpose of this report is to describe
streamflow, precipitation, and water-quality condi-
tions in the East River basin and the Bower Creek
subbasin during the period March 1985 to October
1986. Specifically, the report describes (1) stream-
flow, (2) precipitation, (3) annual suspended-
sediment and phosphorus loads, (4) water temper-
ature and dissolved-oxygen concentrations, and
(5) miscellaneous water-quality characteristics,
including fecal-coliform and fecal-streptococcus
count, 5-day biochemical oxygen demand (BOD-
5), and chlorophyll a concentration.

Sampling stations to measure streamflow,
precipitation, and water quality were installed in
March 1985 at the East River at Monroe Street in
Green Bay and at Bower Creek at Sunnyview
Road near De Pere. Automatic water samplers
were installed to collect samples during storm
runoff for analyses of suspended-sediment and
nutrient concentrations. Dissolved-oxygen meters
and temperature probes were operated at four
sites from June through October of 1985. The
sampling sites (fig. 1) included East River at
Monroe Street in Green Bay, Allouez Avenue
bridge over the East River at Allouez, State
Highway 32 near De Pere, and Bower Creek at
Sunnyview Road near De Pere.

During the same period in 1986, only the East
River gage at Monroe Street in Green Bay was
instrumented to monitor dissolved-oxygen concen-

tration and temperature. During nonstorm periods,
a local observer collected biweekly samples for
sediment; nutrient, and chlorophyll a
concentrat?ons, and fecal-coliform and fecal-
streptococcus counts at the three East River
locations and at the Bower Creek gage. Precipita-
tion records were obtained from the National
Weather Service Station at Austin Straubel Field in
Green Bay (fig. 1). A rain gage was located at the
East River at Monroe Street streamflow-gaging
station in Green Bay during nonfreezing periods.

Physical Setting

The East River flows parallel to the lower Fox
River in Brown County, through the city of Green
Bay, and joins the Fox River approximately 2 mi
(miles) upstream from the mouth of the Fox River
at Green Bay (fig. 1). The sources of water to the
East River are primarily runoff direct from precipi-
tation over the 145-mi® (square mile) basin and
ground-water discharge to the river. The lower
part of the basin from the mouth to approximately
8 mi upstream is part of the Green Bay estuary
and is directly affected by the seiche activity in the
bay.

BoweriCreek is a major tributary to the East
River, comprising 29 percent of the 41.6 mi® East
River drainage. Bower Creek was chosen for study
because the Brown County Land Conservation
Department believed it has significant agricultural
improvement potential based on present land-use
practices. The monitoring location selected within
the Bower Creek watershed was at Sunnyview
Rc:zad; at that location, the drainage area is 4.89
mi°. ’
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County Land Conservation Department, city of
'Green Bay, and the Kress Foundation.

HYDROLOGIC CONDITIONS
DURING STUDY PERIOD

Hydrologic conditions in the basin were
assessed to evaluate the water-quality data that
were collected. Precipitation and streamflow are
two important factors used to evaluate how the
study period conditions related to long-term
hydrologic conditions.

Precipitation

Total precipitation recorded at Green Bay was
38.36 in. (inches) during 1985 and 31.33 in. during
1986 (National Oceanic and Atmospheric Admin-
istration, 1985,1986). The annual mean precipita-
tion in 1985 and 1986 exceeded the 30-year
(1951-80) mean annual precipitation by 37 and 12
percent, respectively. In 1985, August (8.03 in.)
was the wettest month and June (2.21 in.) the
driest. The wettest month in 1986 was September
(7.51 in.) and the driest was May (1.15in.). The
maximum daily precipitation was 2.20 in. on
September 10 for 1986, and was 2.23 in. on
November 1 for 1985. Table 1 shows the monthly
precipitation totals and the departures from normal
for the 2 years of the study. The daily precipitation
data for 1985-86, recorded at the Austin Straubel
Field in Green Bay, is tabulated in Appendix A and
depicted in figure 2.

Streamfiow

Continuous discharge records for the East
River gage at Monroe Street and the Bower Creek
gage at Sunnyview Road were required for
computatian of the daily sediment and phosphorus
loads transported past these sites. A listing of the
gaging stations and monitoring sites in the study is
included in table 2. Discharge at the East River
site was computed using velocity and stage data
recorded at the gage (040851378) located 0.23 mi
upstream from the mouth. Velocity was measured
using an acoustic velocity meter (AVM). Velocities
measured using the AVM were used directly, with-
out verification, in the discharge computation.
Discharge measurements at Bower Creek
(04085118) were made to determine the relation of
stream stage to discharge. This relation was used
to translate the recorded stream stage to
discharge (Rantz and others, 1982). Partial
discharge records for the East River at State
Highway 32 (04085110) were obtained using the
stage to discharge method (Rantz and others,
1982). Daily streamflow data for the East River at
Monroe Street in Green Bay and Bower Creek at
Sunnyview Road near De Pere are listed in
Appendix B for 1985-86 and are shown in figures
3 and 4. Daily streamflow data for the East River
at State Highway 32 for June-October 1985 are
also listed in Appendix B.

Streamflow characteristics for the 1986 water
year for the East River at Monroe Street in Green
Bay, Bower Creek at Sunnyview Road near De
Pere, and the Kewaunee River near Kewaunee
are summarized in table 3. Based upon the

Table 1.--Monthly precipitation summary fojreen Bay, 1985-86

(National Oceanic and Atmospheric Administration, 1985, 1986)
[all units are inches]

Jan. Feb. Mar. Apr.

May June July Aug. Sept. Oct. Nov. Dec. Total

1985 precipitation

Departure from normali -33 150 .80 -46
1951-80

1986 precipitation .60

Departure from normal -59 -22 .58 -44 -1.98 .89 1.70

1951-80

.83 248 226 1.154.06 495 385 7.51 1.89 1.27

0.86 255 2.70 2.24 258221 4.03 8.03 365 2.72 4.96 1.83 38.36
-55 -96

.78 487 .48 62 320 .41 +10.36

48 31.33
.69 434 -21 -49 -94 +333
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Table 2.--Gaging stations and monitoring sites referenced in this report

Stream _Location Station number
Bower Creek at Sunnyview Road near De Pere | 04085118
East River at Monroe Street in Green Bay | 040851378

at Allouez Avenue bridge at Allouez ‘ 04085129

at State Highway 32 near De Pere | 04085110

|

Fox River at mouth at Green Bay | 04085139

at Rapide Croche Dam near Wrightstown 04084500

at Schmidt Oil Dock at Green Bay (upper) 443217088000901

at Schmidt Oil Dock at Green Bay (lower) 443217088000902
Kewaunee River near Kewaunee 04085200

Table 3.--Summary of streamflow characteristics for East River at Monroe Street in
Green Bay, Bower Creek near De Pere, and Kewaunee River near Kewaunee

(040851378) (04085118) (04085200)
East River at Bower Creek at Kewaunee River
Monroe Street Sunnyview Road near Kewaunee
Streamflow in Green Bay near De Pere 1986 1967-86
characteristic (1986 water year) (1986 water year) water year
Average discharge, in
cubic feet per second 185 6.0 176 85.8
Inches of runoff 17.32 16.89 18.79 9.17
Minimum 7-day mean
low flow, in cubic
feet per second - | - 20 6.3
Peak discharge, in |
cubic feet per second 4,740 ( 138 5550 6,500
Date of peak 3/26/86 | 3/19/86 3/26/86 3/30/60
2 year, 7-day low flow' - - - 7.8
10 year, 7-day low flow' - 1 - - 12
2-year flood? - I - - 2,700
5-year flood? - - - 4,400
10-year flood? - - - 5500

" The annual 7-day minimum flow will be less than or equal to the n-year 7-day low flow on the
average once every n-years.

2 The annual instantaneous peak discharge will be greater than or equal to the n-year flood on the
average once every n-years.
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discharges for the Kewaunee River at Kewaunee
(04085200) (Holmstrom and others, 1987), annual
mean discharge for the 1986 water year was
greater than twice the average for the 20-year
period 1967-86. The maximum instantaneous
discharge was slightly greater than a 10-year
recurrence interval flood estimated by Conger
(written commun., 1989).

The minimum 7-day low flow in 1986 was
greater than the 2-year, 7-day low flow and was at
about the 75 percent flow-duration level. In
general, the annual minimum 7-day low flow will
be less than or equal to the 2-year, 7-day low flow
oh average once every 2 years.

The use of an AVM for continuously measuring
the velocity of the East River at Monroe Street in
Green Bay was the only available method for
determining the instantaneous discharge because
of flow reversals. Accumulation of the water
volume by a datalogger allowed flow proportional
sampling for both downstream and upstream
directions. A Westinghouse Model 801 Leading
Edge Flow Meter' was used in this study. This
instrument uses the time-of-travel method to
determine the velocity between two points. One
pair of 200 kilohertz transducers was securely
mounted on opposite shores on a diagonal path
45 degrees to the centerline of the channel flow.
A second pair of transducers was placed perpen-
dicular to the first path. This crossed path was
used to determine if an error in the angularity of
the streamlines occurred during reverse flow in the
channel (Laenen and Smith, 1983).

A major period of AVM interruption occurred
during the March 1986 runoff. Submerged debris
snagged the transducer cables and tore the cables
from the transducers. Therefore, the discharge for
the period from March 1 through April 10, 1986,
was estimated from the daily discharge record of
the Kewaunee River (04085200). The Kewaunee
River was selected for comparison because it is
close to the study area and has similar drainage-
basin size (127 mi).

WATER-QUALITY DATA

Chemical and Physical Characteristics

The chemical composition of suspended and
dissolved solids and their discharge-weighted
concentrations for samples taken in the East River
and Bower Creek were measured as part of this
study. A local observer collected daily water-
quality samples from the East River at State
Highway 32 near De Pere from May 1 through
October 10, 1985. The samples were frozen until
analysis. The samples were analyzed by the
Robert E. Lee Labs in Green Bay for total
phosphorus, BOD-5, and total suspended solids.
Samples not used by Lee Labs were sent to the
U.S. Geological Survey sediment lab in lowa City,
lowa, for analysis of suspended sediment. Numer-
ous samples were manually collected using the
equal-width-increment method described by Guy
and Norman (1970) to insure that the automatically
collected samples represented average conditions
in the stream cross section. Table 4 lists the
ranges and means of constituent concentrations
for each site for samples analyzed in 1985 and
1986. Data for the East River at Allouez Avenue
bridge at Allouez and at State Highway 32 near
De Pere are from the biweekly baseline sampling.
Additional samples were collected daily from May
1 through October 1985 for the East River at State
Highway 32 near De Pere. These samples were
kept frozen until analysis by the University of
Wisconsin-Green Bay. Data for the East River at
Monroe Street in Green Bay and for Bower Creek
at Sunnyview Road near De Pere include the
baseline sample analyses and the event analyses.
Bower Creek at Sunnyview Road near De Pere
had the highest mean and high values for all
constituents except chlorophyll a.

Total Phosphorus and
Suspended Sediment

Chemical data and suspended-sediment con-
centrations for all sites are listed in Appendix C.
Daily suspended-sediment and total-phosphorus

"Trade names are used for descriptive purposes only and do not constitute endorsement by the United

States Geological Survey.



Table 4.--Ranges and means of constituent concentrations for 1985 and 1986

[mg/L, milligrams per liter; c/100 mL, count per 100 milliliters; mg/m?®, milligrams
per cubic meter; n, number of samples; --, no data available]

Site 1 Site 2 jite 3 Site 3 Site 4
East River East River East River East River Bower Creek
at Monroe at Allouez at State at State at Sunnyview
Constituent Statistic Street Avenue Bridge Highway 32  Highway 32 Road
March-December 1985
n 96 19 19 - 84
BOD-5 (mg/L) maximum 11 4.1 7.2 - 100
mean 4.8 29 3.4 -- 7.4
minimum 2.1 1.7 15 - 1.2
n 144 18 18 76 132
Total maximum 1.91 1.14 | .936 1.15 2.18
phosphorus mean 347 419 424 340 .855
(mg/L) minimum .092 .304 .225 .081 .074
n 29 19 19 - 33
Fecal coliform maximum 1,400,000 6,300 72,000 - 2,700,000
(c/100 mL) mean 57,000 1,600 9,200 - 150,000
minimum 50 60 27 - 66
n 29 19 19 - 18
Fecal maximum 530,000 5,400 91,000 -- 650,000
streptococcus mean 21,000 880 7,900 -- 110,000
(c/100 mL) minimum 11 60 140 - 50
n 18 18 18 -- 18
Chlorophyll a maximum 71.5 45.6 42.4 - 91.6
(mg/m®) mean 35.2 17.4 1.4 - 15.3
minimum .2 3 2 -- 3
n - - - 76 -
Total Kjeldahi maximum - - -- 5.31 --
nitrogen mean - - - 1.97 -
(mg/L) minimum - - - .65 -
January-October 1986
n 164 2 - - 66
BOD-5 (mg/L) maximum 11 2.5 | - - 14
mean 3.1 2.4 |- - 6
minimum 2 22 Lo - 1.5
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Table 4.--Ranges and means of constituent concentrations for 1985 and 1986--Continued

Site 1 Site 2 Site 3 Site 3' Site 4
East River East River East River East River Bower Creek
at Monroe at Allouez at State at State at Sunnyview
Constituent Statistic Street  Avenue Bridge Highway 32  Highway 32 Road
January-October 1986--Continued
n 243 2 - - 90
Total maximum .943 272 -- -- 6.58
phosphorus mean .242 .230 - - .973
(mg/L) minimum .029 .188 - - .065
n 22 2 - - 18
Fecal coliform maximum 22,000 100 -- -- 720,000
{c/100 mlL) mean 3,900 89 -- -- 50,000
minimum 20 77 - - 64
n 22 2 -- - 18
Fecal maximum 730,000 44 -- -- 730,000
streptococcus mean 54,000 42 - - 100,000
(c/100 mlL) minimum 12 40 - -- 16
n 12 2 -- - 11
Chlorophyll a maximum 98.7 254 - - 122
(mg/m®) mean 51.0 16.2 - - 26.8
minimum 2.8 6.9 -- - .8

'Analysis by UW Green Bay - samples frozen until analyzed.

loads for the East River at Monroe Sireet in Green
Bay and State Highway 32 near De Pere and
Bower Creek at Sunnyview Road near De Pere
(given in Appendix D) were computed by
streamflow and concentration integration
techniques described by Porterfield (1972).

The largest suspended-sediment and total-
phosphorus loads were observed for the East
River at Monroe Street in Green Bay during the
periods November 1-4, 1985, and March 25-28,
1986. As measured at the gaging station, 27 and
55 percent of the suspended sediment and 21 and
37 percent of the total phosphorus were trans-
ported within those periods for 1985 and 1986,
respectively. At Bower Creek at Sunnyview Road
near De Pere, 31 percent of the suspended-
sediment load for 1985 was transported during
one storm from June 21-25, and 19 percent of the
total-phosphorus load for 1985 was transported
during a second storm (November 1-4). In 1986,

1

one storm (March 16-26) had 63 percent of the
suspended sediment and 38 percent of the total
phosphorus transported.

Graphs were constructed to analyze the 1986
water year loading characteristics for the East
River at Monroe Street in Green Bay and Bower
Creek at Sunnyview Road near De Pere. By plot-
ting the cumulative monthly sediment and phos-
phorus vyield (figs. 5-6) versus time, seasonal
changes in loadings become apparent and com-
parisons can be made between stations. The
curves for suspended sediment show a steeper
slope for the Bower Creek data and highlight the
major contributing period during March 1986. The
slopes for total-phosphorus loading are somewhat
similar except for the extremely steep segment on
Bower Creek during July 1986.

The particle-size distribution of the suspended
sediments for the East River at Monroe Street in
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Figure 5a. Cumulative monthly runoff and total suspended-sediment
yield for East River at Monroe Street in Green Bay, water year 1986.
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Figure 5b. Cumulative monthly runoff and total suspended-sediment yield

for Bower Creek at Sunnyview Road near De Pere, water year 1986.
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TOTAL CUMULATIVE PHOSPHORUS YIELD, IN POUNDS
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Figure 6a. Cumulative monthly runoff and total-phosphorus yield
for East River at Monroe Street in Green Bay, water year 1986.
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Figure 6b. Cumulative monthly runoff and total-phosphorus yield for
Bower Creek at Sunnyview Road near De Pere, water year 1986.
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Green Bay shows no appreciable difference
between samples taken during downstream flow
and samples taken during upstream flow. Table 5
summarizes the data for the large volume
composite samples that were taken during 1985.
For the periods monitored, more than 98 percent

of the suspended sediment was less than 0.062
mm (millimeters) in size. Approximately 65
percent of the suspended sediment was less than
0.004 mm (considered within the clay-sized range
of particles).

Table 5.--Particle-size distribution of suspended sediment for
East River at Monroe Street in Green Bay, 1985

[mm, millimeter; -, not determined]

Suspended sediment

Percent Percent Percent Percent Percent Percent
finer finer finer finer finer finer
Flow than than than than than than

Period direction 0.062 mm_0.031 mm 0.016 mm_ 0.008 mm 0.004 mm 0.002 mm
[

4/1 - 5/20/85 Downstream 99 96 91 83 68 52
4/1 - 5/20/85 Upstream 99 - 89 - 64 47
7/1 - 8/1/85 Downstream 97 -- 88 83 67 53
7/1 - 8/1/85 Upstream 98 - 90 - 65 48

A summary of the sediment and phosphorus
yields for the East River at Monroe Street in Green
Bay and the Bower Creek at Sunnyview Road

near De Pere subbasin for the 1986 water year
and the 1974-81 average yields for the Fox River
at Wrightstown is shown below.

Site

East River at Monroe Street in Green Bay

Bower Creek at Sunnyview Road near De Pere

Fox River at Rapide Croche Dam near Wrightstown

Suspended-sediment Total-phosphorus
yield [(ton/mi®)/yr] yield [(Ib/mi®)/yr]
125 1,130
264 2,680
| 16 172

Previous estimates of 14.6 (ton/mi)/yr (tons per
square mile per year) for sediment and 111
(lb/mP)/yr (pounds per square mile per year) for
phosphorus (Fox Valley Water Quality Planning
Agency, 1985) are significantly less than the
values determined during this study. The
computed sediment load (125 (tor/m<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>