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PREFACE

The wr:iters wish to take this Opportunity to eXpress

their appreciation of the aid rendered them in their work

by Associate Professors C.K.Cade and H.C.Wood and other

members of the Civil Engineering department of the Lich-

igan State College.

H.E.S.

J.R.N.



OBJECT

The object of this thesis is to compute data

necessary to determine equipment necessary to take care

of maximum flood and conserve water for times or draught,

using the theory of normal probability flow.



THE GAUGING STATION FOR ALL READINGS EXCEPT

1902 & 1905 ,

The gauge is located at the railroad bridge of the

College Spur cf the Pere Mhrquette Railroad. The bridge

has two spans of 65 feet each. The bed is of sand and gra-

vel, fairly smooth and permanent. The channel is straight

for a distance of about 1000 feet, upstream, and 800 feet

dwon stream. About 500 feet upstream is a low dam, form-

ing a pond, below which the stream does not ordinarily

freeze over. The gauge is located on the down stream side

of the center pier and is a steel plate, the face being

white enamel with black figures in feet and tenths of feet.

The gauging station is situated about four and one-half

.miles from.the mouth of the stream. Sycamore Creek, and im-

portant tributary, waters in this section. The drainage

area above the gauging station is 358 square miles and from

the gauging station to the mouth of the stream.ll4 square

miles, making a total above Grand River of 472 square miles.

The flow is sluggish at low-stage and the station is sub-

Ject to back-water from Grand River.
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RED CEDAR RIVER AT STATE COLLEGE, HIGH.

This gauging station was established August 30, 1902.

The gauge is located at the highway bridge just below the

State College grounds. The bridge has a span of 75 feet be-

tween abutments. The bed is of sand and gravel, fairly

smooth and permanent. The channel is straight for a distance

of about 400 feet downstream. A short distance upstream is

a 13w dam forming an ice pond, below which the stream does

not ordinarily freeze over. In this stretch of the river is

the railroad bridge of the college spur of the Pere Marquette

Railroad, from which gaugings are made at high water or when

the stream is frozen at the gauging station. Near this

bridge low-water measurements are also made by wading. The

gauge is of the usual wire type, and is attached to the down

side guard rail of the bridge. The upstream corner of the

right-hand wing wall of the bridge abutment is used as a

bench mark, with an arbitrary elevation of 100 feet. The

elevation of the datum plane of the gauge is 84.45 feet.

The gauge is read twice each day by Clifford Walters. The

gauging station is situated about four miles from the month

of the stream. Sycamore Creek, an important tributary, en-

ters in this section. The drainage area above the gauging

station is 358 square miles, and from the gauging station to

the mouth of the strewn 114 square miles, making the total

above Grand River 472 square miles. The flow is sluggish at

low stage and the station is subject to back water from Grand

River.



  

 

 

 

 

 

Great rakes Drainage Grand River Basin

East Lansing. (Station) Red Cedar River

Flood stage 8 feet Normal pool stage 6 feet

1903 January February march April

1 4.3 8.65 9.7 3.7

2. 4.03 8.27 9.63 3.78

3 4.32 7.88 9.62 4.35

4 5.02 7.50 9.62 4.35

5 5.48 6.92 9.25 5.87

6 5.38 6.40 9.17 6.6

7 5.13 6.05 9.0 '7.48

8 4.78 5.30 9.42 6.87

9 4.25 4.93 9.35 5.91

10 4.23 5.00 8.97 5.22

11 4.13 5.38 8.85 5.07

12 3.98 6.35 8.68 7.67

13 3.83 7.33 8.15 8.85

14 3.8 7.62 7.60 9.55

15 3.78 7.18 6.87 10.07

16 3.7 5.85 6.45 10.02

17 3.75 5.47 6.15 9.55

18 2.73 5.23 5.92 8.80

19 3.63 4.80 5.6 7.95

20 3.55 4.25 5.45 7.12

21 3.50 4.22 5.1 6.18

22 3.48 4.10 4.75 5.45

23 3.40 4.03 4.5 4.92

24 3.43 3.98 4.6 4.7

25 3.35 3.92 4.5 5.1

26 3.38 3.9 4.42 5.35

27 3.55 4.37 4.28 5.02

28 4.6 8.16 4.40 4.60

29 7.68 4.22 4.2

30 9.13 4.05 3.82

31 9.23 3.85 .



  

  

Great Lakes 'Drainage Grand River Basin

East Lansing (Station) Red Cedar River

Flood stage 8 feet Normal pool stage 6 feet
 

 

 

1903 Mhy’ June July August

1 3.72.32 2.78 2.42

2 3. 6 2.4 3.47 2.38

3 3055 3037 4.87 ‘ 2.40

4 3.55 2.37 3.70 2.7

5 3.95 2.3 3.3 3.42

6 3.72 2.27 2.95 3.82

7 3.52 2.25 2. 82 3.48

8 3.36 2.15 2.65 3.18

9 3.25 2.32 2. 55 2.88

10 3.1 2.35 . 2.47 2.62

11 3.92 2.45 2.40 2.68

12 2.82 2.35 2.35 2.50

13 2.75 2.3 2.22 2.40

14 2.7 2.55 2.18 2.32

15 2.67 2.4 2.08 2.00

16 2.65 2.42 1.98 2.22

17 2.57 2.5 1.88 2.1

18 2.45 2.7 2.35 2.18

19 2.62 2.62 3.6 2.18

20 2.75 2.9 3.58 2.3

21 2.55 3.27 3.40 2.95

22 2.62 3.45 3.62 2.08

23 2.72 4.85 3.97 1.88

24 3.1 5.70 3.7 2.38

25 3.15 5.45 3.32 2.92

26 3.12 5.02 3.02 3.15

27 3.12 . 4.5. 2.82 3.35

28 3.15 3.87 2.7 4.9

29 2.87 3.35 2.8 6.08

30 2.65 3.00 2.68 6.82

31 2.55 2.52 7.12



 

 

 

 

 

 

 

 

Great Lakes Drainage Grand.River Basin

East Lansing, station) Red Cedar River

Flood stage 8 feet Normal pool stage 6 feet

1903 September October Bovember December

1 7.1 5e18 2065 2.8 Highgat “age

2 5.8 302 2e25 8.9 for th. y."

3 6.18 3.18 2.7 . 10,07

‘5 2'32 2°23 2": i"?
. . 2“ .6 “t9 1.015

6 4.1 3.3 2.6 2.65 ( )£2"""

7 3.68 3.55 2.6 2.5 '

8 3.48 4.48 2.7 2.75

9 3.45 4.92 2.52 2.7

10 3.35 4.52 2.62 2.68 Egan 4.15 ft.

11 3.32 4.1 2.6 2.65 g

12 3.18 3.85 3.18 2.7 271 0.3.3.

13 3.1 3.62 3.85 2.65

14 3.3 3.48 3.75 2.72

15 4.25 3.35 3.55 2.65

16 6.22 3.3 3.58 2.85

17 7.15 3.3 4.02 2.95

18 8.1 3.2 -4.05 3.00

19 7.82 3.15 3.75 2.9

20 7.00 3.1 3.35 2.92

21 6.32 3.05 3.5 2.9 '

22 5.75 2.92 3.42 3.18

23 5.08 2.9 3.25 3.2

24 4.4 2.82 3.32 3.2

25 3.9 2.72 3.28 3.25

26 3.58 2.7 3.30 3.2

27 3.52 2.78 3.12 ' 3.2

28 3.6 2.75 2.95 3.1

29 3.4 2.72 2.95 3.22

30 3.25 2.75 2.72 3.25

31 2.7 3.22

 



 

 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing_ (Station)

Home stage 8 feet Normal pool stage feet

1911 January February March April

1 1.3 2.6 2.0 1.9

2 1.1 2.5 2.1 1.8

3 1.5 2.5 1.9 1.8

4 1.5 2.0 1.8 1.8

5 1.5 2.0 1.6 3.0

6 1.5 2.0 1.6 3.7

7 1.5 1.7 1.6 3.4

8 1.4 1.6 1.3 3.1

9 1.4 1.6 1.5 2.7

10 1.5 1.6 1.5 2.4

11 1.5 1.6 1.5 2.2

12 1.6 1.5 1.6 2.2

13 .%-9 1.5 1.9 2.1

14 ' .1 1.8 2.0 2.3

15 2.4 4.1 1.9 2.5

16 204 506 10' 2.8

17 2.2 5.4 1.3 2.0

18 2.0 5.7 1.5 1.9

19 1.9 5.6 1.6 1.8

' 30 1.8 4e1 1.5 2.0

21 1.7 3.7 1.5 2.9

22 1.7 3.3 1.6 2.8

23 1.6 3.1 1.6 2.5

24 1.6 2.4 1.6 2.3

25 1.5 2.4 1.5 2.0

26 1.7 2.4 1.5 1.9

27 2.2 2.5 1.6 1.8

28 3.1 2.3 1.7 1.6

'29 3.4, 1.8 1.5

30 3.6 1.8 1.6

31 3.3 1.8



 

 

 

 

 

 

 

Great Lakes Drainage___y Grand River Basin

Red Cedar River East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1911 May June July August

1 1.7 1.0 0.9 0.7

2 1.9 1.0 0.9 0.8

3 1.8 1.0 0.8 0.9

4 1.7 1.1 0.8 1.0

5. 1.6 1.9 0.8 1.0

6 1.5 2.6 0.8 1.0

7 1.4 2.3 . 1.0 0.9

8 1.4 2.0 0.9 0.8

9 1.4 1.8 0.8 0.8

10 1.4 1.5 0.8 0.9

11 1.3 1.4 0.7 0.9

12 1.2 1.7 0.8 0.9

13 1.2 1.6 0.8 0.9

14 1.1 1.5 0.8 0.9

15 1.1 1.4 0.8 0.8

16 1.1 1.3 0.8 0.9

17 1.2 1.3 0.8 0.9

18 1.1 1.2 0.8 0.9

19 1.1 1.1 0.8 0.9

20 1.2 1.1 0.9 0.9

21 1.1 1.2 1.0 0.9

22 1.2 1.2 0.9 0.8

23 1.2 1.2 0.9 1.1

24 1.2 1.0 0.9 1.1

25 1.2 1.0 0.8 0.8

26 1.1 0.9 0.9 0.7

27 1.0 0.9 0.9 0.7

28 0.9 1.0 0.8 1.5

29 0.9 1.0 0.8 1.1

30 1.9 1.0 0.8 0.8

31 1.0 0.9 0.7



 
 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Egg Qadar River E233 Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1911 September October November December

1 0.7 1.3 1.5 2.8

.2 0.7 1.8 1.5 2.5

3 0.6 1.8 1.5 2.3

4 0.6 2.0 1.5 1.9

5 0.7 1.9 1.4 1.9

6 00" 107 10‘ 1.8

7 1.1 2.2 1.6 1.9

8 1.1 2.1 2.0 1.9

9 1.0 1.9 2.0 2.5

10 0.8 1.7 1.8 3.7 \ ;

11 007 107 8.0 308 31.8th 5.0.7

12 007 106 203 305 116811131166

13 0.9 1.6 3.0 3.2 .X

14 0.9 1.5 3.0 2.8 159.4‘0.F.3.

15 Oeg 1e4 203 2.5 , a

16 0.9 1.4 2.4 2.3

17 0.9 1.5 2.4 2.4

18 0.9 1.9 4.3 2.2

19 0.8 2.0 4.8 2.1

20 0.9 1.8 4.2 2.0

21 0.9 1.7 3.6 2.0

22 0.9 1.7 3.1 2.1

23 0.9 1.7 2.8 2.6

24 0.9 1.7 2.7 2.8

25 0.9 1.6 2.5 2.6

26 0.8 . 105 2.3 2.3

27 1.1 1.5 2.2 2.3

28 1.4 1.5 2.5 1.8

29 1.4 1.5 3.8 2.0

-30 1.4 1.4 3.6 2.1

31 1.5 2.0



Great Lakes Drainage Grand River Basin

  

  

 

 

Red Cedar River East Lansing (Station)

flood stage 8 feet Normal pool stage feet

1912 January rebruary march April

1 2.0 1.8 1.9 10.2

2 2.1 1.8 1.9 11.0

3. 2.0 1.8 1.8 11.1

4 1.9 1.8 1.8 10.0

5 1.8 1.7 1.9 10.3

6 1.8 1.8 1.9 10.4

7 1.6 1.8 1.9 10.3

8 1.6 1.8 1.9 9.9

9 1.6 1.8 1.9 8.8

10 1.6 1.8 1.8 7.5

11 1.6 1.6 1.9 6.4

18 106 . 107 109 505

13 1.6 1.8 1.9 4.8

14 1.7 1.9 1.9 4.1

15 1.5 1.9 1.9 4.6

16 1.6 1.9 1.9 4.5

17 1.6 1.9 1.9 3.7

18 1.7 1.9 2.0 3.7

19 1.7 1.7 2.7 4.8

20 1.7 1.8 6.2 4.8

21 1.8 1.8 7.0 3.8

22 1.8 1.8 7.3 3.4

23 1.9 1.9 7.3 3.0

24 1.9 1.9 7.0 2.8

25 , 1.8 1.6 6.5 2.6

26 1.8 1.6 5.9 2.3

27 1.8 1.7 5.5 2.1

28 1.7 1.9 5.9 2.0

29 1.7 1.8 6.6 2.9

30 1.8 7.5 4.7

31 1.8 8.7



Great Lakes Drainage Grand River Basin

  

  

 

 

BngCedar River East Lansing (Station)

rlood stage 8 feet ,Normal pool stage feet

1912 may June July August

1 4.8 2.9 1.1 1.6

2 3.8 2.1 1.2 1.6

3 3.2 2.1 1.1 1.6

4 2.8 2.4 1.1 1.4

5 2.4 2.8 1.1 1.4 .

6 2.2 2.6 1.1 1.4

7 2.0 2.2 1.1 1.4

8 2.0 1.9 2.1 1.2

9 1.9 1.8 1.5 1.3

10 1.8 1.6 1.4 1.3

11 1.8 1.5 1.3 1.4

12 3.9 1.5 1.2 1.5

13 5.7 1.5 1.3 1.5

14 6.3 1.4 1.2 1.4

15 5.4 1.4 1.3 1.3

16 4.8 1.5 1.2 1.3

17 5.7 1.5 1.2 1.2

18 6.0 1.4 1.2 1.1

19 4.8 1.3 1.1 1.2

20 3.8 1.3 1.2 1.5

21 3.8 1.3 1.2 1.7

22 5.4 1.3 1.2 1.5

23 5.0 1.3 1.3 1.4

24 4.0 1.2 1.6 1.4

25 3.2 1.2 2.9 1.3

25 2.5 1.2 2.4 1.1

27 2.8 1.2 2.0 1.0

28 2.8 1.2 1.7 1.2

29 2.7 1.2 1.5 1.2

30 ' 3.1 1.2 1.6 1.3

81 3.0 1.7 1.2



Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing (Station)

Flood stage W 8 feet Normal pool stage feet

 

1912 September October November December

 

1.8 1.4 1.6 ' 1.51

8 1.0 10. 804 1.7

3 1.1 1.3 8.6 , 8.0

4 1.8 1.3 8.5 8.8

5 1.1 1.4 8.8 8.1

5 1.1 1.3 8.1 8.4

7 1.1 1.8 3.5 8.5

8 1.8 1.8 4.4 8.3

9 1.0 1.4 4.0 8.1

;10 1.1 1.4 3.4 1.7 L

18 1.1 1.8 8.7 1.7 Mbfln. 838583

13 - 101 109 805 p 106 ' I,“

1‘ 100 1.6 209 106 23406 8.19.3.

15 1.1 1.8 3.0 1.8 ‘

16 1.1 1.5 8.8 1.5

17 1.8 1.4 8.8 1.5

18 1.3 1.4 8.5 1.8

19 1.3 1.4 8.8 1.5

80 1.3 1.4 8.8 1.4

81 1.8 1.4 8.0 1.4

88 1.8 1.4 1.. 1.5

85 1.8 1.6 ' 1.9 1.5

84 1.3 1.4 1.9 1.3

85 1.4 1.6 1.9 1.5

86 1.8 1.6 1.9 1.3

87 1.3 1.5 1.8 1.5

88 1.3 1.4 1.8 1.5

89 1.5 1.4 1.8 1.5

30 1.4 1.4 1.7 1.5

81 1.4 1.4





Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing; (Station)

Flood stage 8 feet Normal pool stage feet

v_.'

1913 January February march. April

1 104 305 1.8 7.5

2 1.4 3.5 ' 1.9 5.6

3 1.5 3.4 1.6 6.4

4 1.5 1.8 8.3

5 1.5 1.8 9.8

6 1.5 1.8 9.6

7 1.6 1.8 8.3

8 106 ‘ 108 607

9 1.5 1.8 5.6

10 2.0 5.4 4.6

11 10’ 705 505

12 1.9 8.5 6.1

13 109 90‘ ‘ 509

14 1.8 8.2 5.0

15 1.8 8.0 4.4

16 2.2 7.2 3.8

17 5.3 . 6.5 3.4

18 8.3 4.9 3.1

19 8.6 4.1 2.7

20 705 ‘ 309 204

21 7.4 2.5 4.0 2.3

22 8.0 2.2 5.5 2.1

23 8.0 2.1 5.7 2.0

24 7.1 2.0 7.2 . 2.1

25 6.8 2.1 9.5 2.0

26 5.9 2.0 9.5 2.0

27 5.5 2.1 8.9, 2.6

28 5.3 1.9 7.5 3.5

29 5.3 6.6 3.7

30 5.4 6.8 3.2

31 5.2 7.5





Great Lakea lDrainage Grand River Basin

  

 

 

 

30d 0048? River 383* LCDBiflB (Station)

Flood stage 8 feet Normal pool stage feet

1913 .Hay June July Anguet

1 2.7 2.4 1.3 1.1

2 2.3 2.1 1.2 1.1

3 2.0 1.9 1.2 1.1

4 1.9 1.7 1.1 1.0

5 1.8 1.5 1.1 1.0

6 1.8 1.5 -1.2 1.1

7 1.7 1.4 1.2 1.1

8 1.6 1.4 1.2 1.0

9 1.6 1.3 1.1 1.2

10 1.6 1.3 1.1 2.0

11 1.4 1.3 1.1 1.6

12 1.3 1.3 1.1 1.4

13 1.3 1.3 1.0 1.2

14 '1.5 1.1 1.1 1.2 .

16 1.7 1.1 1.0 1.1

16 3.0 1.0 1.0 1.1

17 4.0 1.0 1.0 1.6

18 4.3 1.0 1.1 1.3

19 3.6 1.0 1.1 1.4

so 2.9 1.0 1.0 1.2

21 2.6 1.3 1.0 1.2

22 2.5 1.3 1.0 1.3

23 2.9 1.2 1.0 1.4

24 2.8 1.2 1.0 1.4

25 2.3 1.1 1.0 1.3

26 2.2 1.1 1.1 1.4

27 2.2 1.1 1.1 1.2

28 2.4 1.2 1.0 1.0

29 2.4 1.2 1.1 1.1

30 2.2 1.1 1.1 1.1

81 204 1.1 1.1





 

 

 

  

 

 

 

Great Lakes Drainage Grand River Basin

End—Qanlg; River East Lansing (Station)

Flood stage 8 feet normal pool stage feet

1913 September October November December

1 1.0 0.9 1.5 2.0

2 1.0 0.9 1.5 2.6

3 1.0 1.0 1.3 2.7

4 100 009 105 -808.

5 1.0 1.1 1.3 2.6

6 1.0 1.0 1.2 2.2

7 1.0 1.0 1.2 2.0

8 10° 100 102 2.0 High 906

9 0.9 1.2 1.4 2.0 mean 2.33636

10 0.9 1.2 1.4 1.8 '

11 0.9 1.1 1.4 1.8 248.2 0.2.8.

12 0.9 1.1 1.3 1.5

13 0.9 1.1 1.3 1.7

14 0.9 1.0 1.7 1.7

15 0.9 1.0 1.6 1.7

16 0.9 1.0 2.1 1.7'

17 1.2 1.3 2.0 1.7

18 1.3 1.1 1.9 1.7

19 1.3 1.3 1.9 1.5

20 1.1 1.1 1.9 1.3

‘21 1.0 1.1 2.4 1.5

22 1.0 1.3 2.3 1.2

23 0.9 1.5 2.3 1.1

24 0.9 1.3 2.4 1.4

25 0.9 1.2 2.3 1.5

26 0.9 , 1.3 2.0 1.2

27 0.9 1.1 1.9 1.2

28 0.9 1.4 1.8 1.5

29 0.8 1.4 1.8 1.1

30 0.8 1.5 1.8 1.5

31 1.5 1.4



 

  

 

 

  

 

 

Great Lakes Drainage Grand River Basin

RM! WRiver East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1914 January February march April

1 1.4 5.8 2.1 5.1

2 1.1 4.6 2.0 5.1

3 1.4 5.5 2.0 5.5

4 1.4 4.9 2.0 4.9

6 1.5 4.2 1.8 ’4.0

6 1.6 4.0 1.8 3.5

7 1.5 2.0 3.3

8 1.5 2.2 3.4

9 1.5 2.2 3.3

10 1.5 2.3 '2.9

11 1.5 2.3 2.7

12 1.4 2.3 ”2.6

13 1.4 2.3 2.5

14 1.3 2.7 2.0

15 1.4 4.4 '2.0

16 1.3 6.1 2.0

17‘ 103 ‘0' 20°

18 1.3 5.6 1.6

19 1.3 4.7 1.8

20 1.6 3.7 1.8

21 1.5 3.0 1.8

22 1.4 2.9 1.6

23 1.7 2.7 1.5

24 3.1 2.5 1.5

25 3.0 2.6 2.0

26 3.2 3.0 4.5

27 3.1 3.9 5.6

28 3.8 2.3 6.3 5.0

39 409 700 403

30 6.3 6.5 4.7

31 5.1 5.9



 

 

 

 

 

 

 

 

Great Lakes 'Drainage Grand River Basin

Red Cedar River East Lansingg (Station)

Flood stage 8 feet Normal pool stage feet

1914 lay June July August

1 407 1.6 2.5 105

2 3.3 1.5 2.3 1.4

3 2.8 1.4 2.3 1.4

4 2.5 1.4 1.9 1.3

5 2.8 2.3 1.6 1.3

6 2.4 2.8 1.5 1.3

7 3.3 2.3 1.5 1.3

8 3.5 2.0 1.5 1.3

9 2.7 1.7 1.6 1.3

10 2.4 1.6 , 1.3 1.5

11 2.2 1.6 1.2 1.3

12 5.3 1.5 1.2 1.3

18 808 107 102 105

14 9.7 1.2 2.3 1.6

15 9.0 1.7 2.5 1.5

16 7.8 1.5 4.0 1.5

17 6.2 1.5 3.6 1.6

18 4.8 1.0 3.0 1.5

19 3.7 'l.0 2.5 1.5

20 3.0 1.0 2.0 1.3

21 2.5 1.2 2.0 1.6

28 2.3 103 10’ 105

23 2.0 2.9 1.8 1.4

24 1.9 3.2 1.6 1.2

25 1.8 1.5 . 1.5 1.2

26 1.2 1.2 1.5 1.3

27 1.7 1.6 1.3 1.2

28 2.0 2.7 1.5 1.4

29 1.8 3.7 1.5 1.4

30 1.9 3.5 1.3 1.4

31 1.8 1.3 1.0



  

 
 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing (station)

Blood stage 8 feet Normal pool etag0 Feet

1914 September October November December

1 1.7 1.3 1.4 1.2

2 2.3 1.3 1.3 1.5

3 3.0 1.4 1.4 1.5

4 2.9 1.4 1.5 1.5

5 2.3 1.2 1.4 1.6

6 2.2 1.2 1.4 1.6

7 10’ 1.2 105 106

8 1.8 1.2 1.4 1.6

9 1.6 1.2 1.4 1.5

10 1.6 1.3 1.4 1.6 High 9.7

11 1.5 1.3 ‘l.4 1.6 Mean 2.21

12 1.6 1.3 1.6 1.4

13 1.5 1.5 1.3 1.4 226.6 COF080

14 1.2 1.5 1.5 1.4

15 100 106 10" 105

16 1.2 1.5 1.2 1.3

17 1.1 2.0 1.3 1.2

18 .1.1 2.7 1.3 1.2

19 1.0 2.7 1.4 1.2

20 1.3 2.7 1.3

21 1.0 2.0 _ 1.3

22 1.0 1.7 1.3

23 1.2 1.5 1.3

24 1.2 1.6 1.3

25 1.0 1.6 1.5

26 1.2 1.4 1.5

27 1.4 1.4 1.5

28 1.2 1.4 1.3

29 1.2 1.4 1.5

30 1.2 1.4 1.1

31 1.4



Great Lakes fl“: figDrainaga Grand River Basin

  

  

 

 

Red ngar River East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1915 January February March April

1 3.0 1.6

2 2.8 1.6

3 ' 2.8 1.6

4 2.3 1.6

5 2.3 1.7

6 1.5 3.0 2.0 1.7

7 1.5 3.8 2.1 1.8

8 3.6 2.0 1.8

9 3.5 1.9 1.8

10 3.5 2.2 11.8

11 3.6 '2.3 2.4

12 4.0 3.2 3.0

13 5.6 2.9 3.2

14 7.2 2.7 2.8

15 9.4 2.7 2.4

16 10.0 2.7 2.2

17 1.9 9.5 2.9 2.0

18 2.0 8.9 2.9 1.9

19 2.9 7.5 2.9 1.8

20 2.4 6.3 2.2 1.7

.21 2.0 5.3 2.1 1.5'

22 2.0 4.4 2.3 1.5

23 4.6 2.0 1.6

24 6.4 2.0 1.5

25 7.0. 2.0 1.5

26 6.0 2.0 1.5

27 5.4 1.9 1.5

28 3.9 1.8 1.5

29 1.7 1.3

30 1.7 1.3

31 1.7





Great Lakes Drainage Grand River Basin

 
 

 

 

 

R d d River East Lansigg (Station)

Flood stage' 8 feet Normal pool stage feet

1916 New June July August

1 1.0 1.6 1.3 1.7

2 1.4 1.6 1.4 1.5

3 1.0 1.6 1.9 2.0

4 1.2 1.6 1.8 2.0

5 1.4 1.5 1.7 2.2

6 105 1.5 1.5 2.4

7 1.5 1.4 1.5 2.5

8 1.8 1.4 1.7 2.1

9 1.9 105 4.0 1.7

10 2.0 1.5 3.8 1.5

11 1.8 1.5 2 2.9 1.5

12 1.6 1.4 2.3 1.6

13 1.5 1.4 1.8 2.5

14 1.5 1.4 1.6 4.0

15 1.3 1.4 1.6 4.4

16 1.4 1.4 1.5 3.9

17 105 ' 106 105 I 405

18 1.8 2.3 1.4 5.4

19 1.6 3.4 1.4 4.4

20 1.6 3.4 1.4 3.1

21 105 501 105 .205

22 1.7 3.3 1.3 3.7

23 1.7 2.0 1.3 4.4

24 1.6 2.0 1.2 3.8

25 1.6 1.8 1.2 3.1

26 1.6 1.6 1.2 2.5

27 1.8 1.5 1.2 2.3

28 1.8 1.3 1.3 2.0

29 1.6 1.3 1.3 1.8

30 1.6 1.3 1.5 1.7

31 107 1.5 1.7



 

 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin)-

Red Cedar River East Lansing (Station)

Flood stage 8 feet Normal_pool stage feet

1915 September October November December

1 1.6 . 3.0 1.4 2.0

2 1.6 2.5 1.6 2.0

3 1.6 2.6 1.6 1.9

4 1.6 2.5 1.5 1.8

5 1.5 2.5 1.5 1.6

6 2.0 2.5 1.6 1.6

7 4.1 2.2 1.4 1.6

8 500 808 10‘ 106 High 1000

9 507 200 10‘ 10‘ Mean 2045555

10 5.3 2.0 1.4 1.9

11 605 200 104 1.5 26406 0.3.8.

12 6.0 2.0 1.5 1.5

13 6.9 1.7 1.5 1.5

14 7.5 1.8 1.4 1.5

15 7.7 1.8 1.5 1.5

16 6.6 1.9 1.5 1.4

17 5.0 1.8 1.5 1.6

18 4.0 1.9 1.5. 1.4

19 3.2 2.0 1.7 1.4

20 3.0 2.0 2.2 1.4

21 3.5 2.0 2.4 1.4

22 3.5 2.0 2.2 1.4

23 3.3 1.8 2.2 1.4

24 3.2 1.7 1.9 1.4

25 3.0 1.8 1.9 1.5

26 2.4 1.8 2.0 1.5

27 3.8 1.7 2.0 1.4

28 3.6 1.7 1.9 1.4

29 506 1.8 2.0 .104

30 3.4 1.6 2.0 1.4

31 1.5 1.3





Great Lakes Drainage Grand River Basin

  

  

 

 

Red Cedar River East Lansing (Station)

‘Flcod stage 8 feet Normal pool stage feet

1916 January February march April

1 1.5 7.6 3.0 7.4

2 3.5 6.5 2.9 7.4

3 6.0 5.6 2.9 7.3

4 6.4 5.0 1.6 6.4

5 5.7 ' 2.2 5.6

6 5.0 2.2 5.0

7 4.5 1.9 4.4

8 4.0 2.0 4.0

9 4.0 2.0 3.4

10 4.0 3.0 3.1

11 3.5 3.0 2.8

18 305 ’ 808 208

13 3.1 3.4 3.7 2.8

14 2.8 3.2 4.2 3.0

15 1.6 3.2 4.0 4.5

16 1.6 3.2 _ 4.0 4.6

17 1.5 3.5 4.0 4.0

18 1.5 3.5 4.0 3.5

19 1.5 2.6 2.6 3.0

20 Frozen 204 400 507

21 3.0 2.6 2.3 3.6

22 8.5 2.6 2.2 4.0

23 8.5 4.0 2.8 3.5

24 6.9 4.2 2.8 3.5

25 4.8 4.0 2.8 3.5

26 a 4.9 3.0 7.5 3.8

27 5.0 3.9 11.5 3.0

28 5.0 3.0 11.4 3.0

89 '509 50° 1000 207

30 5.7 9.6 2.4

31 6.0 8.5



Great Lakes. (Drainage Grand River Basin

Red Cedar River East Lansing, (Station)

 

 

 

Flood stage 8 feet Normal pool stage feet

-l916 may June July August

1 2.0 4.4 3.6 1.2

2 2.0 3.4 4.7 1.2

3 2.3 3.0 4.0 _l.2

4 2.8 2.6 2.5 1.2

5 2.6 2.1 1.9 1.2

6 2.9 2.0 2.0 1.0

7 2.5 2.0 2.0 1.3

8 2.5 3.4 1.5 1.3

9 2.4 3.1 1.5 1.3

10 2.5 3.5 1.5 1.3

11 2.5 3.8 1.5 _1.2

12 2.8 3.2 1.5 1.2

13 2.0 3.0 1.4 1.2

14 2.0 3.0 1.6 1.1

15 4.0 2.5 1.5 1.1

16 8.5 3.5 1.3 1.2

17 9.3 3.0 1.5 1.1

18 8.0 3.5 1.5 1.1

19 6.4 3.6 1.5 1.1

20 5.5 3.5 1.6 1.1

21 3.8 3.3 1.5 1.0

22 3.1 2.2 1.7 1.0

23 3.0 2.0 1.2 1.0

24 4.2 2.4 1.4 1.0

25 3.5 3.8 1.3 1.0

26 3.5 4.0 1.5 1.0

27 2.5 3.6 1.1 1.0

28 2.3 2.2 1.3 1.0

29 2.9 2.2 1.0 1.0

30 4.6 2.2 1.0 1.0

31 5.0 1.2 0.9



  

  

 
 

 

 

Great Lakes Drainage Grand River ‘_Basin

Red Cedar River . East Lansing. (Station)

Flood stage 8 feet.Normal pool stage feet

1916 September October November December

1 0.9 1.4 1.4 1.2

2 0.9 1.1 1.2 1.2

3 0.9 1.0 1.4 1.3

4 0.9 1.0 1.2 1.3

6 1.0 1.0 1.2 1.3

5 100 102 103 105

7 1.0 1.2 1.3 1.3

8 008 1.0 103 103 High 1105

9 0.8 1.1 1.3 1.3 mean 2.6166

10 0.8 1.1 1.3 1.5

11 0.8 1.1 -l.3 1.3 290.6 O.F.S.

12 1.0 1.0 1.3 1.3

13 1.0 1.3 1.3 1.4

14 1.0 1.4 1.2 1.4

15 1.0 1.4 1.2 1.3

16 1.0 1.1 1.2 1.3

17 0.9 1.1 1.3 1.3

18 0.9 1.1 1.2 1.6

19 0.8 1.1 1.4 1.6

20 0.8 1.1 1.2 1.4

21 0.8 1.3 1.2 1.4

22 1.0 1.4 1.2 1.4

23 1.0 1.3 1.3 1.6

24 0.9 1.3 1.4 1.5

26 0.8 1.3 1.4 1.4

26 0.7 1.2 1.3 1.4

27 1.0 1.4 1.2 1.6

28 1.5 1.3 1.2 1.6

29 1.6 1.3 1.2 1.6

30 1.3 1.3 1.3 1.6

31 1.3 ' 1.5



Great Lakes Drainage Grand River Basin

  

 

 

 

Red Cedar River East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1917 January February March. April

1 1.2 1.8 3.0 3.5

2 1.3 2.0 3.0 4.2

3 1.4 1.9 2.8 4.8

4 1.4 1.8 2.3 4.1

5 1.5 1.9 2.3 4.4

6 1.8 1.8 2.3 5.3

7 200 1.9 2.2 9.4

8 2.0 1.6 2.4 8.7

9 1.8 1.5 2.0 7.1

10 103 109 201 506

11 1.8 1.9 2.6 4.5

12 1.8 1.9 4.4 3.5

13 1.8 1.9 4.8 3.2

14 1.7 2.0 4.5 2.8

16 1.7 1.9 4.3 2.6

16 103 106 309 205

17 1.8 1.7 3.4 2.3

18 1.7 1.8 3.1 2.2

19 1.7 1.8 3.0 4.8

20 1.7 1.9 2.3 6.6

21 1.7 1.6 2.9 7.1

22 1.5 1.4 3.2 6.7

23 1.4 1.4 3.1 5.4

24 1.5 2.0 4.4 5.2

25 1.6 2.0 5.4 4.5

26 1.6 2.5 4.6 4.4

27 1.4 2.9 4.5 4.7

28 1.4 3.0 4.7 4.0

29 1.8 4.8 3.4

30 1.8 4.9 3.1

31 2.0 5.0 .



Great Lakes Drainage Grand River Basin

  

  

 

 

Red Cedar “River East Lansing ( Station)

Flood stage 8 feet Normal pool stage feet

199.7 May June July August

1 302 4.3 4.5 103

2 305 3.5 405 102

3 3.3 3.0 4.1 1.1

4 208 3.5 301 1.0

5 2.5 3.0 2.3 1.0

6. 205 3.2 2.0 1.0

7 2.5 609 203 1.0

8 2.5 8.0 3.0 1.2

9 2.4 608 206 102

10 2.2 4.6 201 104

11 2.0 304 ' 1.8 104

18 1.9 2.8 1.6 1.1

13 1.8 204 201 1.0

14 1.8 305 2.3 1.0

15 1.5 203 2.1 1.0

16 1.5 201 109 1.0

17 1.5 1.8 108 0.9

18 1.5 107 401 0.9

19 1.6 1.7 3.9 008

20 1.4 107~ 301 008

21 1.2 1.6 2.4 0‘9

22 1.8 105 2.0 0.9

23 3.0 1.4 1.7 0.9

24 3.8 308 107 1.3

25 3.3 303 1.5 1.4

26 307 207 1.5 1.3

27 3.1 2.2 1.5 1.3

28 6.6 2.3 1.5 1.0

29 703 307 103 0.9

30 601 501 103 0.9

31 4.9 1.3 0.8



 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansingg (Station)

Flood stage 8 feet Normal pool stage feet

1917 September October November December

1 1.0 0.8 2.1 1.5

2 1.2 0.8 2.0 1.4

3 1.0 1.4 1.9 1.5

4 1.0 1.3 1.7 1.5

5 1.7 1.0 1.6 1.5

6 2.8 1.3 1.5 1.5

7 2.5 1.1 1.5 1.5

8 2.4 1.0 1.5 1.5

9 1.9 1.0 1.6 1.5

10 106 102 104 105 High 90“

11 104 1.0 104 105 I031! 3025

12 1.4 1.0 1.4 1.5 '

13 1.2 1.2 1.4 1.5 233.0 C.F.8.

14 1.3 1.1 1.4 1.5 .

15 1.2 1.0 1.4 1.5

16 1.4 1.3 1.4. 1.5

17 1.1 1.2 1.4 1.5

18 1.3 1.3 1.4 1.4

19 1.1 1.6 1.4 1.5

20 1.1 1.6 1.6 1.6

21 1.0 1.5 1.5 1.9

22 1.0 1.6 1.5 2.0

23 1.0 1.6 1.5 2.3

24 0.9 2.0 1.6 2.1

25 0.9 2.1 1.5 2.1

26 1.0 1.9 1.5 2.1

27 1.0 2.3 1.5 1.7

28 1.0 2.5 1.5 1.7

29 1.0 2.2 1.5 1.6

30 0.9 2.4 1.5 1.6

51 101 204 106



 

 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar g River East Lansing» (Station)

Flood stage 8 feet Normal pool stage feet

1918 January February March. April

1 1.6 1.4 8.8 2.8

2 1.6 1.3 7.7 3.8

3 1.6 1.4 7.5 4.7

4 1.5 1.4 7.1 4.3

6 1.5 1.4 7.6 3.4

6 1.5 1.4 7.4 2.9

7 1.5 1.4 7.0 2.8

8 1.5 1.3 6.4 2.4

9 1.5 1.4 5.5 2.4

10 1.6 1.7 4.9 2.3

11 1.5 1.8 4.2 2.1

12 1.5 2.3 5.1 2.1

13 1.5 5.5 8.1 2.0

14 1.5 7.8 9.6 2.0

15 1.5 9.9 12.0 1.8

16 1.4 11.0 11.6 1.8

17 1.6 10.7 10.5 1.9

18 1.5 9.8 9.2 2.9

19 1.5 9.6 8.0 2.9

20 1.5 9.5 6.5 2.9

21 1.5 9.3 5.7 2.8

22 1.6 9.7 5.0 2.2

23 1.6 8.6 4.8 2.6

24 1.4 7.5 4.2 2.5

25 1.4 7.3 3.8 2.3

85 104 704 305 300

27 1.4 9.0 3.1 2.0

28 1.4 9.6 2.8 2.1

29 1.4 2.6 2.3

30 1.4 2.6 2.4

31 1.4 2.6



Great Lakes Drainage Grand River Basin

  

 

 

 

Red Cedar River ‘__ East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1918 may June July August

1 2.4 1.8 1.3 1.0

2 2.4 1.7 1.3 1.0

3 2.4 1.4 1.3 1.0

4 2.3 1.4 1.2 1.0

5 2.1 1.4 1.1 1.0

6 1.9 1.4 1.0 1.0

7 1.9 1.4 1.1 0.9

8 1.8 104 1.1 0.9

9 1.7 1.6 1.0 0.9

10 1.9 1.3 1.0 0.9

11 2.1 1.4 1.0 0.9

12 2.8 1.4 1.2 100

13 2.8 1.4 1.1 1.0

14 3.8 1.5 1.0 1.0

15 3.5 1.3 1.0 1.0

16 3.1 1.3 0.9 0.9

17 2.7 1.3 0.9 1.0

18 2.4 1.2 1.0 1.0

19 1.8 1.2 1.0 1.0

20 1.8 1.2 1.0 0.9

21 ' 106 1.2 0.9 1.0

22 1.7 1.3 1.0 1.1

23 1.5 1.2 1.0 1.1

24 1.5 1.0 0.9 1.1

26 1.6 1.1 0.9 0.9

26 1.5 1.0 0.9 0.9

27 1.5 1.0 1.5 0.9

28 1.6 1.0 1.0 0.9

29 1.6 0.9 1.0 1.0

30 108 1.0 1.0 1.0

31 108 100 100



 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1918 September October November December

1 1.0 1.1 1.2 1.6

2 1.0 0.9 1.3 1.5

3. 1.0 0.7 1.2 1.5

4 1.1 0.6 1.2 1.4

5 1.2 0.6 1.0 1.4

6 1.0 1.3 1.4 1.4

7 1.0 1.4 1.1 1.3

8 0.9 1.3 1.3 1.6

9 0.9 1.1 2.0 1.6 High 12.0

10 100 108 10, 10’ Mean 2035

11 1.0 1.1 1.9 . 2.3

12 1.1 1.1 1.9 2.7 250.0 C.F.S.

13 1.2 1.1 1.9 2.8

14 1.1 1.0 1.7 3.5

15 1.1 0.8 1.7 4.4

16 1.0 1.0 1.7 4.5

17 1.0 0.9 1.6 4.3

18 1.2 1.1 1.8 3.7

19 1.3 1.4 2.3 3.1

20 1.3 1.5 2.6 3.1

21 . 1.2 1.1 2.3 3.1

22 0.8 0.9 2.3 3.7

23 1.2 1.1 1.9 5.2

24 1.0 1.4 1.7 4.8

25 1.0 1.2 1.7 4.3

. 26 0.9 1.3 1.6 3.2

27 0.9 1.5 1.6 3.1

28 1.1 1.2 1.5 3.0

29 .1.1 1.4 1.6 5.1

30 1.1 1.4 1.6 3.2

31 1.4 3.8



  

  

  

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River ' East Lanainsg (Station)

Flood stage 8 feet Normal pool stage feet

1919 January February March April

1 3.5 2.1 3.8 2.2

2 3.9 1.7 3.1 2.1

3 4.9 1.8 3.1 2.1

4 3.9 2.0 3.2 2.3

5 3.8 1.8 2.9 2.7

6 3.8 1.6 2.8 2.8

7 2.9 1.7 2.6 2.4

8 3.0 1.5 2.3 4.1

9 3.0 1.5 2.2 4.2

10 2.9 1.4 2.1 4.5

11 2.8 1.5 2.0 5.0

12 2.2 1.5 1.8 5.2

13 2.5 1.6 2.9 4.3

14 2.6 1.8 3.9 4.0

15 2.6 1.7 4.5 3.7

16 2.6 1.7 7.8 6.9

17 2.9 1.4 10.0 8.4

18 2.1 1.5 9.8 9.4

19 2.2 1.4 9.3 8.6

20 2.4 1.2 8.9 7.0

21 2.4 1.4 7.7 6.2

22 2.2 1.5 6.8 4.6

23 2.4 3.0 . 5.3 3.5

24 3.3 2.7 3.8 3.8

25 3.1 2.8 3.4 4.0

26 2.9 2.6 3.5 3.7

27 2.7 2.6 3.4 3.1

28 2.7 2.5 3.2 3.6

29 2.4 3.2 3.1

30 2.5 2.8 2.8

31 2.5 2.7



 

 

 

 

 

 

 

Great Lakes Drainage Grand.River Basin

Red Cedar River East Lansing? (Station)

Flood stage 8 feet Normal pool stage feet

1919 may June July August

1 3.2 1.5 2.1 1.0

2 3.5 1.3 1.7 1.0

3 4.0 1.2 1.5 0.9

4 6.6 1.0 1.3 0.9

5 8.8 1.0 1.2 2.3

6 9.1 1.2 1.4 2.9

7 8.5 1.2 1.3 2.9

8 6.7 1.2 1.3 2.8

9 5.4 1.1 1.2 2.5

10 4.7 1.1 1.3 2.4

11 3.8 1.1 1.3 2.4

12 3.8 1.0 1.3 1.4

13 3.5 0.9 '1.3 1.3

14 2.7 1.4 1.3 1.3

15 2.7 1.2 1.4 1.2

16 3.2 1.2 1.4 1.2

17 3.5 2.0 1.3 1.4

18 2.9 1.4 1.2 1.3

19 2.6 1.6 1.1 1.2

20 2.3 1.5 1.1 1.1

21 2.4 1.3 1.2 1.1

22 2.4 1.6 1.3 1.1

23 2.5 1.5 1.3 1.1

24 2.2 1.5 1.3 1.0

25 2.2 2.5 1.3 1.0

26 2.0 4.6 1.4 0.8

27 2.0 4.7 .1.2 0.7

28 1.8 3.6 0.8 0.7

29 1.8 2.8 0.9 1.0

30 1.6 2.3 1.1 1.2

31 1.5 1.2 1.2
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East Lansing, “fi(Station)

Normal pool stage feet

 

 

1919 September October. November December

1 1.0 1.4

2 1.0 1.3

3 0.9 1.3

4 1.0 1.2

5 1.0 1.2

6 1.0 1.0

7 1.0 1.0

8 1.0 1.3

9 1.0 .1.3

11 100 104 MO“ 2058

12 1.2 1.4

13 0.9 1.2 264.2 C.F.s.

14 1.0 1.2

16 1.0 1.3

16 0.7 1.3

17 0.9 1.4

18 0.9 1.2

19 0.9 1.2

20 1.0 1.2

21 1.1 1.2

22 1.0 1.4

23 1.4 1.4

24 1.4 1.0

25 1.3 1.1

26 1.2 1.4

27 1.3 1.2

28 1.2 1.5

29 1.1 1.5

30 1.2 1.5

31 1.7



 

 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1925 May June July August

1 103 100 09 108

2 1.3 1.0 .9 1.4

3 1.3 1.0 .85 1.4

4 1.3 1.0 .86 1.3

5 1.26 1.0 .85 1.3

6 . 1.26 1.0 .85 1.2

7 1.25 1.0 .85 1.2

8 1.25 1.0 .85 1.2

9 1.25 1.0 .85 1.25

10 1.25 1.0 .85 1.2

11 1.2 1.0 .8 1.2

12 1.2 1.0 .8 1.3

13 1.2 1.0 .8 1.25

14 1.2 1.0 .8 1.25

15 1.2 1.0 .8 1.2

16 1.2 1.0 .8 1.2

17 1.1 1.0 .8 1.2

18 1.16 1.0 .8 1.2 _

19 1.15 1.0 .8 1.2

20 1.15 .96 .8 1.2

21 1.15 .95 .8 1.2

22 1.15 .95 .8 1.15

23 1.1 .96 .8 1.15

24 1.1 .96 .8 1.15

25 1.1 .96 .8 1.15

26 1.1 .95 .8 1.16

27 1.0 .95 .8 1.1

28 1.0 .9 .8 1.1'

29 1.0 .9 .8 1.0

30 1.0 .9 .8 1.1

31 1.0 .8 1.1



 

 

 

 

 

 

 

 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing (Station)

Flood stage 8 feet Normal pool stage feet

1925 September October November December

1 1.1 1.0 1.9 1.7 Highest stage

2 1.05 1.2 1.80 107 for the year

3 1.05 2.3 1.7 1.7 11.35

4 1.05 3.3 1.66 1.7

5 1.0 4.5 1.6 2.5 Date

6 1.0 3.9 1.6 2.9

7 .95 3.1 1.6 2.9

8 095 205 106 206 M6811 2055

9 .9 2.1 1.6 2.35

10 1.0 2.0 1.6 2.0

11 1.3 2.0 1.7 1.9

12 1.3 1.9 1.9 1.9

13 1.2 1.9 3.4 1.9

14 1.2 1.85 3.6 1.70

15 1.2 1.85 3.8 1.5

16 1.2 1.8 4.0 1.5

17 ' 1015 108 30. 10“

18 1.15 1.8 3.6 1.45

19 1.15 1.8 4.5 1.4

20 1.0 1.7 4.9 1.4

21 1.0 1.7 4.75 1.35

22 1.0 1.6 4.2 1.27

23 1.0 1.7 3.35 1.2

24 1.0 1.80 2.9 1.15

25 1.0 1.9 2.5 1.15

26 1.0 2.0 2.3 1.1

27 1.0 2.5 2.1 1.1

28 1.0 2.6 2.0 1.1

29 1.0 2.4 1.85 1.1

30 1.0 2.1 1.7 1.1

31 2.0 1.1



 

 

 
 

Great Lakes Drainage Grand River Basin

Red Cedar River East Lansing; (Station)

Flood stage 8 feet Normal pool stage feet
 

 

 

 

1926 January February March April

1 1.2 2.2 6.6 7.7

2 1.2 2.5 6.1 7.6

5 1.5 2.2 5.14 7.4

4 1.5 2.1 4.27 7.15

5 1.4 2.0 5.65 7.0

6 1.8 2.0 5.52 7.2

7 1.6 1.8 5.5 7.5

8 1.4 1.6 5.25 7.45

9 1.4 1.6 5.52 8.0

10 1.5 1.6 5.41 8.2

11 1.5 1.5 5.46 7.65

12 1.2 1.5 5.55 6.85

15 1.1 1.5 5.6 5.85

14 1.1 1.5 f 5.45 5.04

15 1.1 1.5 5.05 4.4

16 1.1 1.5 2.55 5.76

17 1.4 1.8 2.26 5.50

18 2.5 1.85 2.2 5.25

19 4.5 1.85 5.85 5.01

20 5.2 1.9 9.95 2.75

21 5.4 1.9 11.55 2.5

22 4.6 2.0 9.9 2.4

25 4.0 2.05 9.45 5.55

24 5.8 2.1 9.08 2.55

25 5.5 4.0 8.45 2.85

26 5.2 6.2 7.85 2.92

27 2.5 6.55 7.80 2.9

28 1.8 6.6 7.80 2.85

29 1.8 7.75 2.8

50 1.9 7.74 2.7

51 2.1 7.70



mm} mm 103 an arm mm 11'

mmcm arm comma

Discharge in cubic Feet per Second

 

Gauge Die- Gauge Die— Gauge Die-

Height charge Height charge Height charge

0.50 55 1.75 165 5.00 557

0.55 57 1.80 169 5.05 566

0.60 40 1.85 175 5.10 575

0.65 45 1.90 185 5.15 584

0.70 60 1.95 191 5.20 595

0.75 55 2.00 205 5.25 404

0.80 59 2.05 206 5.50 414

0.85 65 2.10 208 5.55 422

0.90 67 2.15 216 5.40 452

0.95 70 2.20 225 5.45 441

1.00 77 2.25 255 5.50 450

1.05 80 2.50 241 5.55 460

1.10 85 2.55 . 250 5.60 470

1.15 88 2.40 257 5.65 480

1.20 95 2.45 265 5.70 490

1.25 105 2.50 270 5.75. 500

1.50 110 2.55 278 5.80 509

1.55 115 2.60 287 5.85 518

1.40 120 2.65 :36 5.90 527

1.45 125 2.70 5 5.95 556

1.50 152 2.75 514 4.00 545»

1.55 158 2.80 522 4.05 655

1.60 144 2.85 551 4.10 565

1.65 150 2.90 540 4.15 5751/

1.70 157 2.95 548 4.20 585

4.25 596 5.50 906 6.75 1526

4.50 607 5.55 920 6.50 1545

4.55 618 5.60 955 6.85 1565

4.40 629 5.65 950 6.90 1585

4.45 ' 540 5070 ’65 5095 1‘05

4.50 650 5.75 981 7.00 1425

4.55 661 5.80 997 7.05 1446

4.60 672 5.85 , 1015 7.10 1468

4.65 684 5.90 1029 7.15 1490





 

Gaage Die- Guage Dia- Guage Dia-

Height charge Height charge Height charge

4.70 696 5.95 1045 7.20 1509

4.75 708 6.00 1060 7.25 1551

4.80 720 6.05 1075 7.50 1554

4.85 752 6.10 1091 7.55 1577

4.90 744 6.15 1108 7.40 1600

4.95 757 6.20 1126 7.45 1624

5.00 769 6.25 1145 7.50 1647

5.05 782 6.50 1161 7.55 1669

5.10 795 6.55 1179 7.60 1692

5.15 808 6.40 1197 7.65 1715

5.20 820 6.45 1215 7.70 1758

5.25 854 6.50 1252 7.75 1761

5.50 849 6.55 1250 7.80 1785

5.55 865 6.60 1269 7.85 1810

5.40 878 6.65 1288 7.90 1855

5.45 892 6.70 1507 7.95 1860

8.00 1885 9.25 2556 10.50 5458

8.05 1910 9.50 2587 10.55 5479

8.10 1955 9.55 2619 10.60 5520

8.15 1961 9.40 2651 10.65 5561

8.20 1987 9.45 2685 10.70 5602

8.25 2015 9.50 2715] 10.75 5645

8.50 2059 9.55 2747 10.80 5684

8.55 2065 9.60 2779 10.85 5725

8.40 2091 9.65 2811 10.90 5770

8.45 2117 9.70 2845 10.95 5816

8.50 2145 9.75 2875 11.00 5862

8.55 2169 9.80 2911 11.05 5908

8.60 2196 9.85 2947 11.10 5954

8.65 2225 9.90 2985 11.15 4000

8.70 2250 9.95 5019 11.20 4050

8.75 2277 10.00 5055 11.25 4100

8.80 2504 10.05 5091 11.50, 4150

8.85 2551 10.10 5127 11.55 4200

8.90 2558 10.15 5164 11.40 4250

8.95 2585 10.20 5201 11.45 4500

9.00 2415 10.25 5258 11.50 4550

9.05 2441 10.50 5275

9.10 2469 10.55 5515

9.15 2497 10.40 5556

9.20 2525 10.45 5597
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Revision of Vermuele's Formula

This formula gave results which were consistently

too low, so it was revised to give better results for

the Red. Cedar. The revisionwas accomplished by taking

values for mean annual temerature, mean annual rainfall,

and. known values of mean annual flow, and substituting

in the formula and. solving for a new constant e.

Since the mean annual flow was known for ten years,

ten values of 0 were found. and the mean value determined.

The computations are as follows:

1293

26.2F : 271

r : 10.34 .

10.34 = 37.24 -(11+57.24o)(.035145.4-.65)

10.30 : 37.24 - 10.33 - 35.2o

35.2e : 37.24 - 10.33 - 10.34

0 3 e47



86.2!

8.97

8.97

50010

9.5

31e7°

1911

159.4

5.1

31.12 -(11 +_31.125)(.035.x.47.9 - .55)

31.12 . 11.3 - 31.95

31.12 - 11.3 - 5.1 ~

.43

234.6

8.97

33.5 ~(11 + 33.501(.036 x 44.3 - .65)

33.5 - 0.9 . 30.1o

33.5 . 9.9 - 2.97

.487

1915

9.5

51.05 - 11.8 - 51.70

51.05 . 11.8 - 9.5

.387



86.23 3

8.67

8.67

29.30

86.23 :

lOel 2

10.1 3

31.30:

26.2F

11.1

1101 3

28.80

1914

225.5

5.57

30.37 -(11 + 30.37o)(.035 x 45.2 - .55)

30.37 - 10.5 - 29.3.

50.57 - 10.6 - 8.67

.379

1915

264.6

10.1

32.41 -(11 i 32.41.) (.035 x 55.2 - .55)

32.41 0 1°e6 * 51e30

32.41 - 10.6 . 10.1

.374

1916

290.6

11.1

29.45 -(11 + 29.4so)(.035 x 45.3 - .55)

29.45 . 10.55 . 25.55

29.45 - 10.55 - 11.1

.255



ZGeZF 8

8.9

8.9

28e102

08

2602F 8

9.55

9.55

31e20 =

26.23

9e72 z

9.72

52.10 :

1917

233

5.9

32.55 -(11 + 32.55.)(.035 x 43.2 - .55)

32.55 . 9.45 - 25.15

32.55 - 9.45 - 5.9

.51

250

9.55

31.95 -(11 . 31.955)(.035 x 45.5 - .55)

31.95 - 10.75 — 31.25

31.95 - 10.75 - 9.55

.374

254.2

9.72

31.47 -(11 + 31.47o)(.035 x 47.7 - .55)

31.47 . 11.2 - 32.15

31.47 - 11.2 - 9.72

.329 -



10

10

.470

.430

.487

.327

.379

.374

.268

.510

.374

.2329.

.948

. 8

9.72

9.55

8.90

11.10

10.10

8.67

9.50

8.97

6.10

2.9.9.4

92.95

. 95

IMean Value for C for 10 years.

Mean Value for F for 10 years



l. The oriqinel of Vermuele's formula was ta on from the

Hgflro-Ilectrlo Vand Pooh 7y Creamer e.d Justin, 0638 39.
v
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The possible error for'eny specific year was foun; my

Using a formula from stetleticrl methoes,

2 ..- 1 0.5745 V: v9 .

n—l

where 2.V2 554513 tLe sum of the 5445185 or the Alfferences

between ectuzl 295 compute) flow. (o) 659515 the number

of observations used. (5) w;s founfl to be 21%. lhat is,

the :exlmun eoszitle error is a plus or minus 21% for any

definite tear and is exact for en average year and an

average of years.



F mean =

31.43 -(11 4 .395 x 31.43)(.035 x 45.5 - .55)

= 31.43 -(23.4)(.99)

= 5.3

Mean Value of F found by using 10 year value

for c and Normal Precipitation and Temperature.

Formula Suggested for Red Cedar:

25.2 [2 -(11 . .3951)(.0351' - .55)]

Years average rate of flow in cu.ft. / sec.

$ Total precipitation for the year considered

B
H
O
D

I
t

Average temperature for year considered

Formula for 8. much. Streams

9 a R-(ll 4533952)(.0359 - 0.55)

Rainfall T : Temp. F = depth of run offI
t



Since the erection of .he concrete triage across the fled

Cedar River, called the Athletic Field bridge, a road way on

as earthen emban_meet has been built across the original flood

plain. This leaves the bridge as 'he only outlet for dis-

charge.

I detailed study was made to determine what head would

be necessary to discharge the flood flow that is likely to

occur durie” the life—time of the bridge. 2 cross section

 

unjer the triage was plotted, :. i-e area detezmined.

103’” 40:4 ”

5V .
4 9

469.370' 9'

I5" ' 475.5 °

 

  

 

Usi e noullis' “decree,

V3?- D1 2'1 v": pr. 7
.. 4; ...... «t :.- ...-— + e- + “2 + hf

2g w 23

We were able to determine if the head necessary to

push the flood flow thru the bridge, was so high that it

would wash away the earthen e:bankment of the raceway.

The crest of tfie road is four feet above the upoer level

of the openigg in the bridge. slood flow was ta on as 10,

000 cu. ft. oer second.

Re coxsilered the head of the discnarging end of the

bridge to be level with thC upoer part of the Opening and

equcl to zero.



Head Necessary to Force Flood water under Bridge.

The area under the Bridge equals 944.8 square '

 

 

 

Q .1. AV

= Q - 10 000
z - -———'__.. t 10.5 flu/sec.

v2

.... 4 p ' ,

2Q w

0 + 10‘62o I: .

_2'+ .———— f 0 + o + hf

V": o ‘fr.§i

_2. _

10.5 : 140 V 4.55 x g;

46

112.5 :: 19500 x 4.55 x hf-

1'6

hf :: 46 1 112.5 -

_“ = .0565

19600 X 4.66

then

' M + 00565

6%04 64.4 ‘

p 3 62.4 X 112.5 + .0565

6444

p : 62.4 I 1,797

52.4 x 1.797 : 1.5' 5.35

52.4

Room.available 3 4' 0.K.



CONCLUSIONS

The data used in this work was collected from daily

guage readings on the Red Cedar River. The readings for

1902 and 1903 were taken by Clifford welters for the United

States Geodetic survey. Those for 1911 to 1919 inclusive

were taken by the United States Weather Bureau. Those for

1925 and 1926 were taken by Preston and wrench, senior

students at Michigan State College, as part of their work

on a thesis submitted to the faculty in 1926.

As eight feet is considered flood stage by the united

States Weather Bureau, only readings of eight feet or above

were considered in handling the computations for the prob»

ability curve for floods. These readings were listed in

rotation according to numerical value starting with eight

feet. ‘The number of occurrences of each flood was listed‘

next. From the number of occurrences of each flood the

summation of occurrences of floods equal to, or greater than,

each one was found. By using the formula, 9 - 100552.22;

the percentage of occurrences of each flood, with ‘m

reference to the total number of floods, was found. In

this formula p a percentage of occurrences

n : summation of occurrences

m total nuMber of occurrences



The interval between floods of each stage was found

by dividing the summation of occurrences minus five tenths

by the number of years for which records were taken: eleven

in this case. A

A curve was plotted with discharge as the ordinate and

frequency in years as the abscissa. This curve was plotted

on paper which had a logarithmic scale for both ordinate and

abscissa. because this was found to give very close to a

straight line curve. This curve was extended to give readings

of discharges of floods with a frequency of one hundred years.

The average life of works on a stream is somewhat less than

this figure, so a fifty-year frequency should be sufficient.

This shows a discharge of 10,000 cubic feet per second.

These results were checked by Euiohling's formula which

is known to give values which are low. By this formula

Q s 127000

858 - 370

square mile.

7 7.4 s 188.9 cubic feet per second per

Qt = 183.9 I 358 z 6600 cubic feet per second.

Table I and Curve I show the calculations and results

of this work.

Because of danger to life and property and the low cost

of construction of any work on a stream such as the Red Cedar,

it is best and most economical to construct works which will

safely handle the greatest flood apt to occur in the lifetime



of the structure. The flood considered should be at a rate

of at least 10.000 cubic feet per second.

The concrete bridge and roadway from the gymnasium to

the armory is a critical point at high flood stage. a

determination was made to find out if these works were de-

signed and erected in a manner to safely handle the maxim

flood. It was found that they were entirely safe.

l'he average rate of‘ flow for each year used in this work

was found. !he average of these averages was determined:

Since all the records gave data which were consistint with the

curves and comutaticns made, it was considered that the average

of the yearly average rates of flow could be safely taken as the

constant average rate of flow. Ehis figure was found to be two-

hundred and forty-four cubic feet per second. This would be the

rate of flow if the water from floods and wet years could be

stored up used during dry periods to maintain a constant rate

of discharge. In other words, this figure gives the amount of

water which could be utilised year after year for water supply

or power development if sufficient and properly designed

works were erected. Such works would be very good flood

protection as they would control the rate of flow and thus

control the whole flood. Therefore, if any works are erected

they should be sufficient to maintain this average rate of

flow of two-hundred and forty-four cubic feet per second.

he derivation of this average rate of flow is shown

graphically in curve II.





Dry years and wet years very seldom occur in any

definite order. Frequently one wet year is followed by

another or maybe three or four. Dry periods often last for

several years. Knowing these facts it was thought advisable

to determine some means of estimating the frequency and

extent of these two things. This was done in a manner

similar to the one used for determining the frequency and

discharge curve for floods in part I. Yearly average rates

of flow were used in place of daily rates of discharge.

The values below the mean yearly average of two hundred

and forty-four cubic feet per second were used to construct

the dry your frequency curve. The values above this figure

were used to construct the wet year frequency curve. Curves

III and IV show the results of this work.

These curves would aid greatly in making the estimates

and plans for flood control, water supply, or power develop-

ment works. They give the data necessary for calculating

storage capacity to maintain the mean yearly rate of flow.

Realising the insufficiency of available data on the

Red Cedar River, an attempt was made to find a formula

which would give some usable data from rainfall temper-

ature records which are available at the United States

leather Bureau in East Lansing. Several formulae were

tried and discarded because they gave values which were

inconsistent. Vermuele's formula gave values which were





consistent but too low. It was found thatthiafo - a

was devised for rivers in new England which do not comers

favorably with the Red Cedar. Because of the consistency

of the results of this formula it was chosen as the one to

be used. It had to be revised before it was of value for

this stream. The revision was accomplished by substituting

. the average annual temperature and rainfall and the annual

run-off in the formula and solving for the coefficient by

which the rainfall is multiplied in the formula. This was

done with ten years records which could be used. The mean

value of the coefficient was .395. This replaces the value

of .29 given by Vermuele.

The revised formula was checked by a formula from

statistical methods and was found to give results correct,

to a plus or minus 21 %.

This formula could be used on any similar stream;

especially the smaller streams in Southern Michigan. The

error which arises from the use of this formula are not

errors in the formula itself but rather variations due to

irregular conditions of run-off, temperature, and rainfall.

For example, any rainfall on frozen ground gives a very

high rate of run-off while any rainfall on warm dry ground

gives very little rainfall.
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