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DEFINITION OF TERMS

Annual mean is the arithmetic mean of all the values for a single year of 
record.

Daily mean is the mean value for a single day.

Discharge is the mass or volume of material passing a stream transect in 
a unit of time. It is a rate and usually is expressed in terms of mass or 
volume per unit time (tons per day, cubic feet per second).

Mean annual is the arithmetic mean of the annual means for all the years 
of record, or for a specific number of years.

Mean daily is the arithmetic mean of the daily means for a specific date 
for all the years of record, or for a specific number of years.

Mean monthly is the arithmetic mean of all the monthly means for a 
specific month for all the years of record, or for a specific number of years.

Monthly mean is the arithmetic mean of the individual daily mean values 
during a month.

Sediment load is the mass of sediment in suspension and(or) in transport. 
It is usually measured in tons.

Sediment yield is a measurement of sediment load per unit area. It is 
usually measured in tons per square mile for a specific time period.

Suspended sediment is the portion of the sediment that is carried in 
suspension by/the turbulent components of streamflow.

IV



Suspended-sediment concentration is the mass of suspended sediment per 
unit volume of water. It is usually measured in milligrams per liter.

Transport equation is a relation between suspended-sediment discharge and 
water discharge used to estimate suspended-sediment discharges.

Water year is the period from October 1 of a given year to September 30 
of the following year. The number of the year is the year in which it ends 
(the year beginning October 1, 1979, and ending September 30, 1980, is the 
1980 water year).

CONVERSION FACTORS AND ABBREVIATIONS

The following factors may be used to convert the inch-pound units 
published herein to the International System of Units (SI). These factors are 
shown to four significant figures, but the conventional SI system equivalents 
should be consistent with the values in the inch-pound system.

Multiply inch-pound units By_ To obtain SI units

inch (in.) 

foot (ft) 

mile (mi) 

acre

square mile (mi 2 )

cubic foot per second (ft3 /s)

ton, short

degree Fahrenheit (°F)

25.40 

0.3048 

1.609 

4,047

0.4047 

2.590 

0.02832 

0.9072 

Temperature 

°C = 5/9 (°F-32)

millimeter (mm)

meter (m)

kilometer (km)

square meter (m2 )

hectare

square kilometer (km2 )

cubic meter per second (m^/s)

megagram (Mg)

degree Celsius (°C)

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 mean sea level. NGVD of 1929 is 
referred to as sea level in this report.



LONG-TERM SUSPENDED-SEDIMENT LOADS IN BAY CREEK AT NEBO, 

PIKE COUNTY, ILLINOIS, 1940-80

By Timothy R. Lazaro, Kathleen K. Fitzgerald, 
and Leonard R. Frost, Jr.

ABSTRACT

Streamflow data for Bay Creek at Nebo, Illinois, have been collected since 
1940, and suspended-sediment concentrations have been collected intermittently 
since 1966. Five years of daily suspended-sediment discharges (1968, 1969, 
1975, 1976, and 1980), computed from once- or twice-weekly samples (more often 
during storm events), were used to develop transport equations that can be 
used to estimate long-term suspended-sediment discharges from long-term water- 
discharge records.

Discharge was divided into three groups based on changes in slope on a 
graph of the logarithms of water discharge versus suspended-sediment discharge. 
Two subgroups were formed within each of the three groups by determining 
whether the flow was steady or increasing, or was decreasing. Seasonality was 
accounted for by introducing day of the year as sine and cosine functions.

The suspended-sediment load estimated from the equations for the 5 years 
of daily suspended-sediment records was 77.3 percent of that computed from 
daily sediment- and water-discharge records for those years. The mean annual 
suspended-sediment load for 41 years of estimated loads was 359,500 tons, 
which represents a yield of about 3.5 tons per acre from the Bay Creek 
drainage basin.

INTRODUCTION

The Great River Study was authorized by Congress in the Water Resources 
Development Act of 1976 (PL 94-587) in response to public concern for the 
environmental quality of the upper Mississippi River. The purpose of the 
study was to develop a river system management plan for the upper part of the 
river from the head of navigation in Minneapolis, Minnesota, southward to 
Cairo, Illinois. Three Great River Environmental Action Teams (GREAT) were to 
study separate reaches of the river.

Bay Creek, in Pike County, Illinois, (fig. 1) is in the GREAT III study 
reach that extends from Saverton, Missouri, southward to Cairo, Illinois. 
Bay Creek was the only stream in the Illinois part of the GREAT III study 
reach for which any agency had both sediment concentration and streamflow data.



The Corps of Engineers, Rock Island District, has collected samples for 
suspended-sediment concentrations at the U.S. Geological Survey gaging station 
at Nebo since October 1965 (1966 water year). An analysis of the sediment 
concentrations and streamflow records was needed to provide the GREAT III 
study team with some information for evaluating sediment transport to the 
Mississippi River by the small tributary streams in Illinois.

The objective of this study was to estimate long-term suspended-sediment 
discharge past the gaging station on Bay Creek at Nebo using the long-term 
water-discharge records for the period 1940-80 and the suspended-sediment 
concentrations for water years 1966-80. This report presents estimates of 
suspended sediment transported by Bay Creek and describes the procedures used 
to make the estimates. The work was done in cooperation with the Erosion and 
Sedimentation Work Group of the GREAT III study team and with the U.S. Army 
Corps of Engineers, St. Louis District. The Rock Island District provided 
the historical records of sediment concentrations.

LOCATION AND DESCRIPTION OF STUDY AREA

Bay Creek is located in Pike County in western Illinois (fig. 2). The 
drainage area of the watershed is 176 mi 2 at Illinois Highway 96 where it 
becomes Bay Creek Diversion Ditch. The drainage area upstream from the gaging 
station at Nebo is 161 mi 2 . A second gaging station on Bay Creek, with a 
drainage area of 34 mi 2 , is located at Pittsfield.

Upstream from Nebo the watershed is in the Lincoln Hills Section of the 
Ozark Plateau Province (Leighton, Ekblaw, and Horberg, 1948). Downstream from 
Highway 96, Bay Creek Diversion Ditch crosses the flood plain of the 
Mississippi River, joins Sixmile Creek Diversion Ditch, and thence flows to 
the Mississippi River in Calhoun County at mile 273. Because of the abrupt 
changes in topography and physiography from the bluffs area to the flood-plain 
area, the sediment transport characteristics at Nebo should not be extended to 
the entire watershed.

Soils in the watershed upstream from Nebo are predominantly silt-loams 
and most of the land is in corn and soybean production. From 1940 to 1978, in 
Pike County, the number of farms decreased from 2,836 to 1,434 and the average 
farm size more than doubled, from 167 to 335 acres. The resulting increase in 
total acreage cultivated was 1.6 percent (U.S. Department of Commerce, Bureau 
of Census, 1940-78).

The climate in the basin is typically continental. Warm summers, cold 
winters, and frequent short-term fluctuations in temperature, humidity, cloud 
cover, and wind direction are characteristic (U.S. Department of Commerce, 
1951-60). The mean annual temperature was 53.2°F for the period from 1951 to 
1979 at Griggsville, Illinois (15 miles north of Nebo). For the same period, 
the mean temperatures for the coldest month (January) and the warmest month 
(July) were 29.3°F and 76.7°F, respectively (U.S. Department of Commerce, 
1951-80).



Annual precipitation averaged 37.93 inches during the period from 1941 to 
1975, when precipitation records were discontinued, at Pleasant Hill, Illinois 
(4 miles west of Nebo). Mean monthly precipitation varied from a low of 1.55 
inches for January to a high of 4.80 inches for June during the period from 
1941 to 1975. Annual precipitation for the 5 years for which sediment dis­ 
charge data were used in this study ranged from 25.95 to 46.89 inches (U.S. 
Department of Commerce, 1931-60, 1951-60, 1951-80). Precipitation records for 
1976 to 1980 are from Griggsville, Illinois. A plot of precipitation records 
from both stations showed the records to be equivalent.

The slope of Bay Creek is relatively uniform at 5.7 ft/mi on the main 
channel above Nebo. Tributary streams characteristically have steeper slopes 
than the main channel. Cold Ran, Buckeye Creek, and Honey Creek (fig. 2) have 
slopes of 37.1, 35.7, and 24.3 ft/mi, respectively. Topographic relief in the 
watershed above Nebo is about 420 feet with altitudes ranging from 860 feet in 
the headwater areas to 440 feet at the gaging station near Nebo.

METHODS

The relation between sediment discharge and water discharge is commonly 
used to estimate long-term sediment discharge when short-term sediment records 
are available at stations with long-term records of water discharge (Colby, 
1956). The relations are usually determined between the logarithms of water 
discharge in cubic feet per second and sediment discharge in tons per day.

Many factors affect the accuracy of the estimates. Among the basic 
assumptions are that (1) water discharge during the short-term period is 
representative of the long term, (2) the availability of sediment particles 
for transport was the same for the long term as for the short term, and 
(3) the seasonal variations in the availability of sediment for transport are 
minimal or that variations can be accounted for,

The U.S. Army Corps of Engineers, Rock Island District, has operated a 
suspended-sediment sampling station on Bay Creek at Nebo since 1966. Samples 
were collected once or twice per week and more often during storm events from 
the upstream side of the bridge at a single, fixed location using a depth- 
integrating suspended-sediment sampler. As a part of this study, four addi­ 
tional samples were collected at multiple verticals in the cross section using 
the equal-width increment-sampling method (Porterfield, 1977). Mean concen­ 
trations for the cross section were determined from these measurements and 
were used to determine a coefficient for the fixed location. The ratios of 
the multivertical to single-vertical, fixed location concentrations ranged 
from 0.92 to 1.04 and, therefore, a coefficient of 1.0 was used for the fixed 
location.

Five years (1968, 1969, 1975, 1976, and 1980) had the best sample record 
and, therefore, daily suspended-sediment discharges were computed for these 
water years. Annual precipitation ranged from 25.95 to 46.89 inches during 
these years. The mean annual precipitation during the period 1941 to 1975 was 
37.93 inches at Pleasant Hill, Illinois (U.S. Department of Commerce, 1931-60, 
1951-60, 1951-80). A graph of cumulative precipitation, in inches, versus



year (fig. 3) shows a fairly even distribution of precipitation over the years 
except for two relatively dry years in the early 1950's. Mean daily discharge 
for the 5 years for which sediment records were computed was 97.4 ftVs com­ 
pared to a mean of 96.1 ft3/s for the period of record (1940-80). A graph of 
cumulative runoff versus cumulative precipitation (fig. 4) shows a change in 
the rainfall-runoff relation after the dry years of the early 1950's. The 
relation was most different from the early years of record during the 1951 to 
1955 period and by 1966 gradually returned to what it had been prior to 1951. 
These changes could have resulted from land use changes and may also have 
affected the suspended-sediment discharge.

Particle-size analyses were made on two samples of bed material (table 1) 
collected in 1980, and 66 samples of suspended sediment (table 2) collected 
during the period 1951 to 1980. The analyses of bed material show that the 
streambed consists principally of silt- and clay-size (<0.062 mm) material 
and that the stream does transport this material over a wide range of water 
discharge. The suspended-sediment analyses suggest that the percentage of 
clay-size (<0.004 mm) material being transported may have increased during the 
period of record. Some changes in material made available for erosion should 
be consistent with changes in agricultural practices attendant to the reduc­ 
tion in number of farms and increase in farm size and the increase in the 
total acreage cultivated.

The daily suspended-sediment discharge records that were computed for 
water years 1968, 1969, 1975, 1976, and 1980, and for 12 additional days 
during other years of record when water discharges were high and suspended- 
sediment discharges were available, were used to develop transport equations 
that can be used to estimate sediment discharge from streamflow records. A 
graph showing plots of the logarithms of water discharge versus sediment 
discharge (fig. 5) showed apparent changes in slope at 63 (log = 1.80) and 367 
(log = 2.56) ft^/s. The streamflow data (Qm) were divided into three groups: 
Qm<63, 63<Qm<367, and Qm>367. The change (Qc) in Qna was then calculated by 
subtracting the discharge of the previous day to determine whether the dis­ 
charge was steady, increasing, or was decreasing. Each of the previous three 
groups was then divided into two subgroups: QOO and Qc<0. A flow chart of 
this procedure is shown in figure 6.

Regression analysis was used to develop transport equations for each of 
the six groups; these equations were used to estimate daily suspended-sediment 
discharge from daily mean water-discharge records for the 1940 through 1980 
water years. Suspended-sediment discharge varies with season as shown in 
figure 7. Colby (1956) observed that for a given rate of flow in the White 
River near Kadoka, South Dakota, the discharge of fine sediments was lower 
during the winter and spring than during the summer and early fall. He com­ 
puted a "coefficient of seasonal adjustment" which, when plotted by month, 
resembles a sine wave. Therefore, sine and cosine functions were included as 
independent variables to be evaluated in the regression analyses for sediment- 
discharge calculations for Bay Creek at Nebo. The transport equations (table 
3) use the base 10 logarithm of daily mean water discharges for the 1940-80 
water years and day of the year to calculate monthly and yearly suspended- 
sediment loads for the 41 years of record.



RESULTS

The total suspended-sediment load, estimated from the transport equations 
for the 5 years with daily suspended-sediment records (table 4), was 77.3 
percent of the total load computed from daily sediment- and water-discharge 
records that were used to develop the equations. A graph showing plots of the 
logarithms of the 5 years of computed suspended-sediment discharges versus 
estimated suspended-sediment discharges (fig. 8) shows a nearly one-to-one 
relation. An independent calculation of suspended-sediment discharge for Bay 
Creek at Nebo for the years 1947 through 1967 was obtained from the U.S. Army 
Corps of Engineers (written commun./ 1980). A graph of the cumulative 
suspended-sediment discharge calculated by the Corps and suspended-sediment 
discharge estimated by the equations (fig. 9) shows that, after 1951, the 
Corps' data slightly exceed estimates made during this study. The disparity 
between the two sets of data is probably due to the change in the rainfall- 
runoff relation that occurred in the early 1950's (fig. 4). The equations 
that were used to estimate suspended-sediment discharges were based on the 
rainfall-runoff relation that existed after 1966. Because the relation (as 
indicated by the slope of the line in figure 4) was the same prior to 1951 
and after 1966 and data available during the intervening years were sparse, 
no attempt was made to adjust the sediment discharge estimates based on this 
comparison.

The estimated monthly and yearly suspended-sediment loads are given in 
table 5. The maximum estimated yearly load was 1,384,997 tons in 1970 and the 
minimum was 6,752 tons in 1940. The mean annual sediment load from the esti­ 
mated values was 359,500 tons, which represents a yield of about 3.5 tons per 
acre. The largest mean monthly suspended-sediment load for the 41 years of 
estimated loads was 70,100 tons for May and the smallest was 6,550 tons for 
December.

SUMMARY

Bay Creek is the only Mississippi River tributary in the GREAT (Great 
River Environmental Action Team) III study reach in Illinois for which data 
were available to estimate long-term suspended-sediment discharge. The U.S. 
Army Corps of Engineers, Rock Island District, has obtained samples for 
suspended-sediment concentrations at the U.S. Geological Survey gaging station 
near Nebo since 1966. The Erosion and Sedimentation Work Group of the GREAT 
III study team needed sediment-transport information for their evaluation of 
sediment transport to the Mississippi River by small tributary streams.

Streamflow data for Bay Creek at Nebo, Illinois, have been collected 
since 1940. Five years of daily suspended-sediment discharges (1968, 1969, 
1975, 1976, and 1980) computed from once- or twice-weekly samples were used to 
develop transport equations that can be used to estimate sediment discharges 
from water-discharge records for the Bay Creek basin above Nebo. Because of 
the abrupt changes in topography from bluffs to flood plain, the sediment 
transport characteristics at Nebo should not be extended to the entire 
watershed.



The suspended-sediment load that was estimated from the equations for the 
5 years with daily suspended-sediment records was 77.3 percent of that com­ 
puted from daily sediment- and water-discharge records for those years. The 
mean annual sediment load for 41 years of estimated loads was 359,500 tons, 
which represents a yield of about 3.5 tons per acre from the Bay Creek drainage 
basin.
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EXPLANATION

Q BAY CREEK DRAINAGE BASIN
REACHES OF THE UPPER MISSISSIPPI RIVER

95°
GREAT I: Head of navigation south to 

Guttenberg, Iowa
GREATH: Guttenberg, Iowa south to 

Saverton, Missouri

GREATin: Saverton, Missouri south to 
Cairo, Illinois

45°
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Figure 1. Location of Bay Creek drainage basin within the
GREAT III study area.
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EXPLANATION
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Figure 2. Data-collection sites in the Bay Creek basin,
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Table 1. Particle-size distribution of bed material 
at Bay Creek at Nebo

Percentage of sample weight finer than
Date of indicated size in millimeters 
collection                                           

0.5 0.25 0.125 0.062 0.004

May 28, 1980       99 31 

July 15, 1980 92 82 79 78 21
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Table 2   Particle-size distribution of suspended sediment
at Bay Creek at

Instantaneous 
suspended- 

Collection sediment 
date concentration 

(milligrams pei 
liter)

Apr. 
July 
Apr. 
July 
Apr.

Apr. 
June 
Apr. 
Aug.
June

Feb.
Oct.
Jan.
Feb.
Mar.

Apr.
May
June
Apr.
Mar.

Apr.
Oct.
Dec.
Jan.
May

July
July
Jan.
Mar.
Apr.

May
May
June
June
June

13, 
28, 
23, 
14, 
12,

29, 
15, 
16, 
26,
16,

1,
14,
23,
8,

24,

5,
31,
1,

16,
6,

22,
13,
4,

27,
3,

10,
28,
10,
28,
24,

8,
30,
5,

18,
27,

1951 
1951 
1952 
1952 
1955

1956 
1958 
1960 
1965
1966

1968
1968
1969
1969
1969

1969
1969
1970
1972
1973

1973
1973
1973
1974
1974

1974
1974
1975
1975
1975

1975
1975
1975
1975
1975

-

 

8,800
10,200
9,160
13,000
42,300

9,530
27,800
12,900
14,500
31,600

6,300
7,670
5,740
5,390

20,500

10,600
4,550
9,070
9,350
20,100

19,800
20,300
57,400
5,650
13,600

Nebo, 1951-80

Percentage of sample weight finer than 
indicated size in millimeters

: 0.062

100 
92 
83 
100 
85

80 
93 
97 
63
93

97
97
95
97
93

95
99
97
99
98

99
99
97
95
97

_
-

99
98
97

98
100
99
100
99

0.031

77 
76 
53 
95 
73

55 
75 
82 
45
48

79
79
76
80
68

76
93
88
68
85

94
-
-
-
-

_
-
-
-
-

_
-
-
-
-

0.016

45 
54 
37 
81 
57

42 
51 
67 
27
30

40
47
44
49
32

36
58
57
55
52

75
59
50
53
50

78
94
61
58
-

52
73
52
95
63

0.008

29 
36 
25 
67 
52

28 
35 
53 
18
21

24
46
28
29
19

21
37
41
42
33

61
39
33
41
34

55
75
52
41
37

36
52
33
81
47

0.004

17 
21 
17 
47 
42

19 
13 
37 
10
14

20
27
22
24
16

17
30
34
33
24

52
27
26
33
26

42
60
41
33
30

29
39
24
67
35

0.002

-

 

17
20
17
20
14

14
28
26
27
22

44
24
22
33
22

34
49
32
28
24

24
31
20
59
27
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Table 2» Particle-size distribution of suspended sediment
at Bay Creek at Nebo, 1951-80   Continued

Instantaneous 
suspended-
« _ J  ! *MA«». j_

Percentage of sample weight finer than 
indicated size in millimeters

Collection stsu-uueiiL,

date concentration 
(milligrams per 0.062 0.031 0.016 0.008 0.004 0.002

liter)

Feb.
Feb.
Mar.
May
Sept.

Feb.
May
Mar.
Aug.
Oct.

Apr.
May
May
June
Apr.

Apr.
June
June
Mar.
*Apr.

May
May
*May
June
*July

*July
*Aug.
*Aug.
Sept.

*Oct.
*Nov.

16
21
4

22

i
i
,
i

9,

24
5
12
6
1

11
7
13
18
11

11
8
9

30
22

17
18
27
4
9

22
6

20
2
8
5

i
i
i
,
i

f
i
i
r
'

i
t
i
i
i

i
i
i
i
i

i
i
i
i
i
i

1976
1976
1976
1976
1976

1977
1977
1977
1977
1977

1978
1978
1978
1978
1979

1979
1979
1979
1980
1980

1980
1980
1980
1980
1980

1980
1980
1980
1980
1980
1980

10
11
3

2

2
13
8

11
7

3
5
7
4
9

7
17
3
5

22
8

2

5
2

7

,100
,500
,140
-

,080

,450
,000
,310
,900
,990

,820
,920
,610
,670
,960

,750
,800
,260
,040
123

,600
,930
196

,480
82

,250
,270
337

,670
24
41

97
98
-

100
99

- -

99
99
99
98

- -
-
-

100
99

99
100
100
100
98

99
100
100
100
99

100
100
100
100
98
99

50
47
78
79
97

82
68
65
62
57

63
47
55
85
49

64
76
97
72
-

66
90
-

97
-

93
96
97
59
-
-

33
34
74
61
88

67
48
49
41
52

44
-
-

73
38

43
51
84
56
-

49
73
-

92
-

71
89
-

41
 
-

26
27
56
58
70

57
39
41
30
32

38
33
31
63
33

43
39
79
48
-

40
57
-

81
-

61
76
84
37
_
-

22
24
48
37
61

48
34
34
26
26

31
27
25
54
33

39
35
58
43
-

32
55
-

70
-

48
65
72
33
_
-

* Sample collected as part of this study. All other analyses furnished by 
U.S. Army Corps of Engineers, Rock Island District.
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Table 4. Computed and estimated suspended-sediment loads

Water
year

1968

1969

1975

1976

1980 

Total

Total
from

sediment 
records

432,201

579,057

205,046

142,407

160,737

1,519,448

Total
from

estimating 
equations

279,563

492,424

191,707

70,039

141,272

1,175,005

Ratio of
estimated

to measured
load, in 
percent

64.7

85.0

93.5

49.2

87.9

77.3
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