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OBJTCT
The object of this thesis 1s to compute data
necessary to determine equipment necessary to take care
of maximum flood and conserve water for times of draught,

using the theory of normal probability flow.



THE GAUGING STATION FOR ALL READINGS EXCEPT
1902 & 1903 .

The gauge is located at the railroad bridge of the
College Spur of the Pere Marquette 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 300 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 rfeet.
The gauging station is situated about four and one-half
miles from the mouth of the stream. Syocamore Creek, and im-
portant tributary, enters in this seotion, The drainage
area above the gauging station is 358 square miles and from
the gauging station to the mouth of the stream 114 square
miles, making a total above Grand River of 472 square miles.
The flow is sluggish at low-stage and the station is sub-

Jeot to back-water from Grand River.
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RED CEDAR RIVTR AT STATE COLLEGE, MICH.

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 perrnianent. The channel is straight for a distance
of about 400 feet downstream. A short distance upstream is
a l>w dan forming an ice pond, below which the stream does
not ordinarily freeze ovar. 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 streanm is frozsn at ths gauging station. Near this
bridge low-watzsr mcasurements 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
benoch 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 mouth
of the strszam, 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 stream 114 square miles, making the total
above Grand River 472 square miles., The flow is sluggish at
low stags and the stati.n is subject fo back water from Grand

River.



Great Yakes Drainsage Grand River Basin

Eest Lansing (Station) Red Cedar River

Flood stage 8 feet Normal pool stage 6 feet

1908 Jenuary February March April
1 4.3 8465 9.7 8.7
2 4,08 8.27 9.63 3.78
S 4.32 7.88 9.62 4.3b
4 5.08 7.50 9.62 4.35
b 6.48 6.92 9.25 5.87
6 5.38 6.40 9.17 6.6
14 5.13 6.0b 9.0 T7.48
8 4.78 5.30 9.42 6.87
9 . 426 4.98 9.35 5.91

10 4,23 5.00 8.97 b.22
11 4.13 5.38 8.856 5.07
12 398 6.3b 8.68 7.67
13 5.83 7.33 8.16 8.8b
14 5.8 7.62 7.60 9.56
156 3.78 7.18 6.87 10.07
16 Se? 5.856 6.46 10.02
17 3.76 5.47 6.156 9,55
18 2,73 5.23 5.92 8.80
19 Se63 4,80 5.6 7.96
20 3465 4.25 5.456 7.12
21 .60 4.22 5.1 6.18
2e .48 4.10 4.75 5.85
23 .40 4.03 4.8 4.98
24 D43 3.98 4.6 4.7

2b 336 . 398 4.5 6.1

26 3.38 3.9 4.42 B5.3b
27 3456 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 4.08 .82
31 9.23 3.86 :



Great Lakes Drainage Grend River Basin
Bast Lansing (Station) Red Cedar River
Flood stage 8 feet Normal pool stage 6 feet

1908 May June July August
1l 37 2,38 2.78 2.42
2 3.6 2.4 3.47 2,88
- 8.56 2.37 4.27 2.40
4 3.85 2.37 3.Y0 2.7
] 8.98 2.3 3.3 S.42
6 378 2.27 2.95 5.82
4 3.52 2.26 2.82 3.48
8 3.86 2.15 £2.66 5.18
9 3.86 2.38 2.66 2.88

10 3l 2.36 2.47 2.62
11 S.92 2.46 2.40 2.68
12 2.82 2.38 2,88 2.50
13 2.76 2.3 2.22 2.40
14 2.7 2.56 2.18 2.82
18 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 2.356 2.18
19 2.62 2.62 3.6 2.18
20 2.76 2.9 8.58 2.3

21 2.656 3.27 3.40 2.95
22 2.62 345 3.62 2.08
23 2.78 4.88 3.97 1.88
24 el 5.70 37 2.38
25 3.156 5.45 3.32 2.92
26 3.12 5.08 3.02 3.15
27 3012 4.5 2.82 3.36
28 3.15 3.87 2.7 4.9

29 2.87 3.35 2.8 6.08
30 2,66 3.00 2.68 6.82
31 2.66 2.52 7.12



Grest Lakes Drainage Grand River Basin

Bast Lansing Station) Red Cedar River
Flood stage 8 feet ENormal pool stage 6 feot
1903 September Ostober November December

1 7.1 .18 2.65 2.8 Highest stage
2 6.8 - 1% 2.25 2.9 for the yeoar
S 6.18 3.18 2.7 2.75 10.07

T = N S

i d 2.6 date) Apr.

6 4.1 5.5 2.6 2,68 | \dpr.18
4 3.68 3565 2.6 2.8

8 S.48 4.48 2.7 2.78

9 Se45 4.92 2,62 2,7
10 3.3b6 4.52 2.62 2,68 Mean 4,15 ft.
11 3.32 4.1 2.6 2.65 .
12 3.18 3.85 3.18 2.7 271 C,.F.S8.
13 Sl .62 .88 2,66

14 3.8 .48 3.76 2.78
16 4,25 8.35 3,86 2,65
16 6.22 8¢8 3.58 2.86

17 7.15 3¢3 4.02 2.9

18 8.1 3.2 406 3.00
19 7.82 3.18 3.76 2.9

20 7.00 3.1 336 £.92
2l 6,32 3.06 Seb ' 2.9
22 5.78 £.92 S.42 3.18
23 5.08 2,9 3.25 3.2
24 4.4 2.82 3.%8 3.8
26 3e9 2,72 S.28 3.2
26 3.58 2.7 3.80 Se2
44 8.52 2.78 3.18 - 5.8
28 3.6 2,76 2.95 3.1

29 S.4 2.72 2,95 3.22
30 3428 2.75 2.72 8.2

3l 2.7 .22



Great Lakes Drainage Grand River Basin
Red Cedar River Eagt Lansing (Station)
Flooa stage 8 feot Hormal pool stage feet
1911 January February March April
1l 1.3 2.6 2.0 1.9
2 1.1 2.8 2.1 1.8
8 1.6 2.5 1.9 1.8
4 1.5 2.0 1.8 1.8
] 1.5 2.0 1.6 3.0
6 1.6 2.0 1.6 Se?
7 1.5 1.7 1.6 8.4
8 l.4 1.6 1.3 Sel
9 1.4 1.6 1.6 267
10 1.5 1.6 1,5 2.4
11 1.6 1.6 1.6 2.2
12 1.8 1.5 1.6 2.2
13 ‘%.9 1.6 1.9 £2.1
14 ‘el 1.8 2.0 2.3
16 2.4 4.1 1.9 2.8
16 2.4 6.6 1.7 2.8
17 2.2 b.4 1.3 2.0
18 2.0 6.7 1.6 1.9
19 1.9 6.6 1.6 1.8
- 20 1.8 4.1 1.6 2.0
21 1.7 37 1.6 2.9
22 1.7 5.8 1.6 " 248
23 1.6 Se1 1.6 2.6
24 1.6 2.4 1.6 2.8
4. 1.5 2.4 1.5 2.0
26 1.7 2.4 1.6 1.9
27 2.2 2.5 l.6 1.8
28 el 2.8 1.7 1.6
29 Sed 1.8 1.6
30 3.6 1.8 1.6
81 3e8 1.8



Great Lakes Drainage Grand River Basin
Red Cedar River East Lensing (Station)
Flood stage 8 feet Normal pool stage feot
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 1.6 2.6 0.8 1.0
7 l.4 2.3 - 1.0 0.9
8 l.4 2.0 0.9 0.8
9 l.4 1.8 0.8 0.8
10 l.4 1.6 0.8 0.9
11 1,3 l.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 " 1ol le.4 0.8 0.8
16 1.1 1.3 0.8 0.9
17 1.8 1.3 0.8 0.9
18 1.1 l.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 l.2 1.0 0.9
22 1.2 Y ) 0.9 0.8
23 1.8 1.2 0.9 1.1
24 1.2 1.0 0.9 1.1
26 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
80 1.9 1.0 0.8 0.8
31 1.0 0.9 0.7



Great Lakes Drainage Grand River Basin
Red Cadgr River Eapt Lansing (station)
Flood stage 8 feet Normal pool stage feot

1911 September October November Pecember
1l 0.7 1.3 1.8 28
2 0.7 1.8 1.6 2.b
3 0.6 1.8 1.5 2.3
4 0.6 2.0 1.6 1.9
b 0.7 1.9 l.4 1.9
é 0.7 1.7 l.4 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 .6
10 0.8 1.7 1.8 Se7 \
11 0.7 1.7 2.0 3.8 High. 5.7
12 0.7 1.6 2.3 3.0 Mean 107166
13 0.9 1.6 8.0 8.2 '/‘
14 0.9 1.5 3.0 2.8 1b69.4 C,F,.S.
15 0.9 l.4 2.8 2.5 :
16 0.9 l.4 2.4 2.8
17 0.9 1.5 2.4 2.4
18 0.9 1.9 4.8 2.2
19 0.8 2.0 &.8 2.1
20 0.9 1.8 4.2 2.0
21 0.9 1.7 8.6 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
26 0.9 1.6 2.6 2.6
26 0.8 S Y ) 2.3 2.8
27 1.1 1.5 2.2 2.3
28 l.4 1.5 2.5 1.8
29 l.4 1.6 3.8 2.0
.80 l.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 February Maroch April
1 2.0 1.8 1.9 10.2
2 2.1 1.8 l.9 11.0
3. 2.0 1.8 1.8 1l.1
4 1.9 1.8 1.8 10.0
8 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 7.6
11 1.6 1.6 1.9 6.4
12 l.6 . S 4 1.9 56
13 1.6 1.8 1.9 4.8
14 1.7 1.9 1.9 4.1
15 1.8 1.9 1.9 4.6
16 1.6 1.9 1.9 4.5
17 1.6 1.9 1.9 Se7
18 1.7 1.9 2.0 Se7
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 38
22 1.8 1.8 7.3 S.4
28 1.9 1.9 73 8.0
24 1.9 1.9 7.0 2.8
26 . 1.8 1.6 6.5 2.6
26 1.8 1.6 5.9 2.3
44 1.8 1.7 5.5 2.1
28 1.7 1.9 5.9 g.0
29 1.7 1.8 6.6 2.9
30 l.8 76 4.7

a1 1.8 8.7



Great Lakes Drainege Grand River Basin
Rid Cedar River Rast Lansing (8tation)
Flood stage feet Normal pool stage feot

1912 May June July August
1l 4.8 2.9 1.1 1.6
2 3.8 2.1 1.2 1.6
8 S.8 2.1 1.1 1.6
4 2.8 2.4 1.1 l.4
b 2.4 2.8 1.1 l.4 .
6 2.2 2.6 1.1 1.4
4 2.0 1Y 1.1 1.4
8 2.0 1.9 2.1 l.2
9 1.9 1.8 1.6 1.3

10 1.8 1.6 1.4 1.3

11 1.8 1.8 1.3 l.4

12 3e9 1.6 1.2 1,6

18 6.7 1.5 1.3 1.6

14 6.3 l.4 1.2 l.4

15 bed l.4 1.3 1.3

16 4.8 1.6 1.2 1.3

17 5.7 1.6 1.2 1.2

18 6.0 l.4 1.2 1.1

19 4.8 1.8 1.1 1.2

20 3e8 1.8 1.2 1.6

21 3.8 1.8 1.2 1.7

22 5.4 1.8 1.2 1.6

23 5.0 1.2 1.3 l.4

24 4.0 1.2 1.6 l.4

25 3.2 1.2 2.9 1.3

26 2.8 1.2 2.4 1.1

27 2.8 1.2 2.0 1.0

28 2.8 l.2 1.7 1.2

29 2.7 l.2 1.6 1.2

80 3.1 l.2 1.6 1.3

81 3.0 1.7 1.2



- Great Lakes Drainage Grand River Basin
Red Cedar River East Lansing (8tetion)
Flood stage 8 feet HNormel pool stage feet
1912 Septenmber Ootober November Decenber
1 1.2 1.4 1.6 1.6
2 1.0 1.8 7Y ! 1.7
] 1.1 1.8 2.6 2.0
4 1.2 1.3 2.5 2.2
] 1.1 l.4 2.2 2,1
6 1.1 1.8 2.1 2.4
4 1.1 1.2 S5 2.8
8 1.2 1.2 4.4 .8
9 1.0 1.4 4.0 2.1
-10 1.1 l.4 Se4d l.7 l
11 l.2 1.6 3.l 1.8 High 1l.1
12 1.1 1.8 2.7 1.7 Mean. 2.2583
13 1l.1 1.9 2.5 1.6 ;o
14 1.0 1.6 2.9 1.6 234.6 C.F.8.
16 1.1 1.6 3.0 1.6 ‘
16 1.1 1.5 2.8 1.5
17 1.2 l.4 2.6 1.5
18 1.8 l.4 2.5 1.6
19 1.3 l.4 2.8 1.6
20 1.3 1.4 2.2 l.4
21 l.2 l.4 2.0 1.4
22 l.2 l.4 1.9 1.5
23 1.2 1.6 1.9 1.5
24 1.3 1.4 1.9 1.3
£5 l.4 1.6 1.9 1,6
26 1.2 1.6 1.9 1.3
7 1.8 1.6 1.8 1.3
28 1.3 l.4 1.8 1.5
29 1.3 1.4 1.8 1.5
80 l.4 l.4 1.7 1.5
81 l.4 l.4






Breat Lakes Drainsge Grand River Bagin
Red Cedar River Ragt Laneing (Station)
Flood stage 8 feet Normal pool stage fToot
1913 January Februsry March April
1l 1.4 3.8 1.8 7¢b
2 1.4 19 -] 1.9 6.6
3 16 3.4 1.6 6.4
4 1.6 1.8 8.3
8 1.5 1.8 9.8
6 l.6 1.8 9.6
4 1.6 1.8 8.3
8 1.6 1.8 6e7
9 1.6 1.8 be6
10 2,0 5.4 4.6
11 1,9 7.8 6.8
12 1.9 85 6e1
13 1.9 9.4 5.9
14 1.8 8.2 5.0
16 1.8 8.0 4.4
16 2.2 7.8 3.8
17 Be8 6.8 8.4
18 8e8 4.9 Sel
19 846 4.1 L7
20 705 ) 30’ 2.4
21 7.4 2.6 4.0 2.3
22 8.0 2.8 5.5 2.1
23 8.0 2.1 5.7 2.0
24 7.1 2.0 7.8 2.1
4] 6.8 2.1 9.5 2.0
26 be9 2.0 9.5 2.0
27 5,8 2,1 8.9, 2.6
28 5.8 1.9 7.5 Seb
29 5.3 6.6 37
30 be4d 6.8 3.2
31 B.2 7.8






Great Lakes Dreinage Grand River Beasin

Red Ceder River East Lansing (Station)
Floed stage 8 feet Normal pool stage feot
1918 May June July August
b § 27 2.4 1.3 1.1
8 2.3 2.1 l.2 1.1
3 2.0 1l.9 l.2 1.1
4 1.9 1.7 l.1 1.0
] 1.8 1.6 1.1 1.0
6 1.8 1.6 1o 1.1
7 1.7 l.4 1.2 l.1
8 1.6 l.4 l.2 1.0
9 1.6 1.3 1.1 l.2
10 1.5 1.3 1.1 2.0
11 l.4 1.3 1.1 1.6
18 1.3 1.3 1.1 1.4
13 1.3 1.8 1.0 1.2
1¢ 1.5 1.1 1.1 1.2
16 1.7 l.1 1.0 1.1
16 3.0 1.0 1.0 1.1
17 4.0 1.0 1.0 1.6
18 4.5 1.0 1.1 1.3
19 3.6 1.0 l.1 l.4
20 2.9 1.0 1.0 1.2
2l 2.8 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 l.8 1.0 1.4
2b 2.5 1.1 1.0 1.3
26 2.2 l.1 l.1 l.4
27 2.2 1.1 1.1 1.2
28 2.4 1.2 1.0 1.0
29 2.4 l.2 1.1 l.1
30 2.8 1.1 1.1 l.1

31 2.4 1.1 1.1






Great Lakes Drainage Grand River Basin
Rad Caedar River East Lansing (station)
Flood stage 8 feet Hormal pool stage feot
1918 September October ©November December
1l 1.0 0.9 1.8 2.0
2 l.0 0.9 1.5 2.6
S 1.0 1.0 1.3 2.7
4 1.0 0.9 1.3 2.8
] 1.0 1.1 1.3 2.6
6 1.0 1.0 1.2 2.2
7 1.0 1.0 l.2 2.0
8 1.0 1.0 1.2 2.0 High 9.5
9 0.9 1.2 le4 2.0 Mean 2.33636
10 0.9 l.2 le4 1.8 »
11 0.9 1.1 l.4 1.8 248.2 C.F.8.
12 0.9 1.1 1.8 1.5
13 0.9 1.1 1.3 1.7
14 0.9 1.0 1.7 1.7
156 0.9 1.0 1.6 1.7
16 0.9 1.0 8.1 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 1.8
21 1.0 l.1 2.4 1.5
22 1.0 1.8 2.3 l.2
23 0.9 1.6 2.8 l.1
24 0.9 1.8 2.4 l.4
26 0.9 l.2 2.3 1.5
26 0.9 1.8 2.0 1l.2
27 0.9 1.1 1.9 l.2
28 0.9 l.4 1.8 1.5
29 0.8 1.4 1l.8 1.1
30 0.8 1.8 1.8 1.6
31 1.5 1.4



Great Lakes Drainage Grand River Basin
Red Cedar River East Lensing (Station)
Flood stage 8 feet Normal pool stage feet

1914 January Februsry March April
1 1.4 5.8 2.1 5.1
2 1.1 4.6 2.0 bel
3 l.4 6.5 2.0 5.5
4 l.4 4.9 2.0 4.9
] 1.6 4.2 1.8 4.0
6 1.6 4.0 1.8 Seb
4 1.6 2.0 3.8
8 1.5 2,2 S.4
9 1.5 2.8 33

10 1.6 2.3 "2e9
11 1.5 2.8 2.7
12 1.4 2.8 "2e6
18 l.4 2.8 2.6
14 1.8 2.7 2.0
16 l.4 4.4 240
16 1.8 6.1 2.0
17 1.3 6.7 2.0
18 1.3 5.6 1.6
19 1.3 4.7 1.8
20 1.6 1% 4 1.8
2l 1.5 3.0 1.8
22 1.4 o9 1.6
23 1.7 2.7 1.5
£4 19 2.8 1.6
26 3.0 2.6 2.0
26 3.2 3.0 4.5
44 36l 3.9 5.6
28 308 203 608 500
29 4.9 7.0 4.8
30 6.3 6.5 4.7
3 bel Be9



Great Lakes “Drainsge Grand River Basin

Red Cedar River Rast Lansing (station)
Flood stage 8 feet HNormal pool stage feot
1914 May June July August
1 4.7 1.6 2.5 1.5
2 5.8 1.5 2,8 l.4
- 2.8 l.4 . 28 1.4
4 2.5 l.4 1.9 1.8
] 2.8 2.8 1.6 13
6 2.4 2.8 1.6 1.5
7 e 2,3 1.5 1.3
8 1% -] 2.0 1.5 1.8
9 2.7 1.7 1.6 1.3
10 2.4 1.6 1.3 1.5
11 2.2 1.5 l.2 1.3
12 5.3 1.8 1.2 1.3
18 8.8 1.7 1.2 1.3
14 9.7 1.2 2.3 1.5
16 9.0 1.7 2.5 1.5
16 7.8 1.6 4.0 1.5
17 6.2 1.5 S5 l.6
18 4.8 1.0 3.0 1.5
19 87 1.0 2.8 1.5
20 8.0 1.0 2.0 1.5
21 2.8 l.2 2.0 1.6
22 2.2 1.3 1.9 1.5
23 2.0 2.9 1.8 1.4
24 1.9 3.2 1.5 1.2
4] 1.8 1.5 - 16 1.2
26 1.2 l.2 1.5 1.8
27 1.7 1.6 1.3 1.2
g8 2.0 2.7 1.6 l.4
29 1.8 37 1.5 1.4
80 1.9 S5 1.8 l.4

8l 1.8 1.3 1.0



Great Lakes Drainage Grsnd River Basin
Red Ceder River East Lensing (atation)
Flood stege 8 feet Normsl pool stage Feet
1914 September Ooctober November December
1l 1.7 1.3 l.4 l.2
2 2.3 l.3 l.3 1.8
3 3.0 l.4 l.4 1.5
4 2.9 l.4 1.5 1.5
5 2.8 1.2 l.4 1.6
6 .2 l.2 l.4 1.6
7 1.9 1.2 1.6 1.6
8 1.8 1.8 l.4 1.6
9 1.6 1.2 l.4 1.6
10 1.6 1.3 l.4 l.6 High 9.7
11 1,5 1,3 l.4 l.6 Mean 2.21
12 1.6 1.3 1.5 l.4
'13 105 l.5 1le3 104 226.6 G.F.S.
14 l.2 1.6 1.6 l.4
15 100 105 104‘ 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 l.4 1.2
20 1.3 2,7 1.3
2l 1.0 2.0 1.5
22 1.0 1.7 1.8
23 l.2 1.6 1.3
24 1.2 1.6 1.8
a6 1.0 1.6 1.6
26 1.2 1.4 1.5
27 l.4 l.4 1.6
88 1.2 1.4 1.3
29 1.2 1.4 1.5
30 1.2 l.4 1.1
81 l.4



Great Lakes Drainage Grand River Basin

Red Cedar River Rast Lenging (station)
Flood stage 8 feet HNormal pool stage feot
1915 January February March April

1l 3.0 1.6

e 2.8 1.6

3 * 2.8 1.6

4 2.3 1.6

5 2,8 1.7

6 1.6 3.0 2.0 1.7

7 1.6 3.8 2.1 1.8

8 8.6 2.0 1.8

9 3.5 1.9 1.8

10 b 2.8 1.8

11 8.5 2.3 2.4

12 4.0 32 3.0

13 B.6 2.9 3.8

14 7.8 2.7 2.8

156 9.4 2.7 2.4

16 10.0 7 2.2

17 1.9 9.6 2.9 2.0

18 2,0 8.9 2.9 1.9

19 2.9 .5 2.9 1.8

20 Led 63 2.2 1.7

21 2.0 5.8 2,1 1.5

22 £.,0 4do4 2.3 1.5

23 4.6 2.0 1.6

24 6.4 2.0 1.6

£5 7.0 2.0 1.5

26 6.0 2.0 1.6

27 b.4 1.9 1.6

28 39 1.8 1.5

29 1,7 1.8

80 1.7 1.3

a8l 1.7






Grest Leskes Drainage Grand River Basin

Red Ced River East Lensing (station)
Flood stege 8 feet Normal pool stage foet
1916 May June July August
1l 1.0 1.6 1.3 1.7
2 l.4 1.6 l.4 1.6
3 1.0 1.6 1.9 2.0
4 1.2 1.6 1.8 8,0
5 1.4 1.6 1.7 2.8
6 1.8 1.3 1.6 2.4
7 1.6 l.4 1.5 2.5
8 1.8 l.4 1.7 2.1
9 1.9 1,6 4.0 1.7
10 2.0 1.6 3.8 1.6
11 1.8 1.6 2.9 1.5
12 1.6 l.4 2.3 1.6
13 1.5 l.4 1.8 2.8
14 1.8 1.4 1,6 4.0
16 1.3 l.4 l.6 4.4
16 l.4 l.4 1.5 3.9
17 1.6 ' l.6 l.6 ' 4.6
18 1.8 2.3 l.4 b.4
19 1.6 3.4 l.4 4.4
20 1.6 B4 l.4 Sel
21 1.6 Sel 1.5 "2ed
22 1.7 Ze8 1.8 1% 4
23 1.7 2,0 1.3 4.4
24 1.6 2.0 l.2 Se8
25 1.6 1.8 1.2 3ol
26 l.6 1.6 l.2 25
27 1.8 1.5 l.2 2.8
28 1.8 1.8 1.3 2.0
29 1.6 1.3 1.8 1.8
30 l.6 1.3 1.8 1.7 ¢

81 1.7 1.6 1.7



Great Lakes Drainage Grand River Basin
Red Cedar River East Lansing (station)
Flood stage 8 feet Normsl pool stage feot
1915 September Ootober November December

1l 1.6 . 8.0 l.4 2,0

2 1.6 2.8 1.6 2.0

8 1.6 2.5 1.6 1.9

4 1.6 2.6 1.6 1.8

5 1.5 2.6 1.6 1.6

6 2,0 2.6 1.6 1.6

7 4.1 2.2 l.4 1.6

8 5.0 2.2 l.4 1.6 High 10.0

9 o7 2.0 l.4 1.6 Mean 2.46863
10 5.8 2.0 1.4 1.%

11 5.5 2,0 l.4 1.5 264.6 C,P.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 1.6
15 7.7 1.8 1.5 1.6

16 6.6 1.9 1.6 l.4

17 6.0 1.8 1.6 1.6
18 4.0 1.9 1.5 l.4

19 3.2 2.0 1.7 l.4

20 3.0 2.0 2.2 l.4

21 36 2.0 2.4 l.4

22 3.5 2,0 2.2 l.4

23 3e3 1.8 2.2 l.4
24 e 2 1.7 1.9 le4

26 3.0 1.8 1.9 1.6

26 2.4 1.8 2.0 1.5
a7 3.8 1.7 2.0 1.4

28 Se6 1.7 1.9 l.4
29 3.6 1.8 2.0 1.4
30 34 1.6 2.0 1.4
3l 1.5 1.3






Great Lakes Drainage Grand River Bagin

Red Cedar River East Lensing (Station)

Flood stage 8 feet Hormal pool stage feeot
1916 Janusry Februsary March April
1l 1.5 76 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 57 ‘ 2.2 5.6
6 6.0 2.8 5.0
7 4.6 1.9 4.4
8 4.0 2.0 4.0
9 4.0 2.0 Se4
10 4.0 3.0 el
11 3B 3.0 2.8
12 36 2.8 2.8
13 36l 34 1% 2.8
14 2.8 3.8 4.2 3.0
16 l.6 3.2 4.0 4.5
16 1.6 3e2 4.0 4.6
17 1.5 3.8 4.0 4.0
18 1.6 b 4.0 3¢5
19 1.5 2.6 2.6 3.0
20 Frozen 2.4 4,0 S
el 3.0 £.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 Seb
26 4.8 4.0 2.8 3.5
26 4.9 3.0 7.6 3.8
27 5.0 .9 11.6 3.0
28 5.0 3.0 11.4 3.0
£9 5.9 3.0 10.0 2.7
30 8.7 9.6 2.4

31 6.0 8.6



Great Lsakes - - Drainsage Grand River Basin

Red Cedar River Eagt Lansing (Station)

Flood stage 8 feet Normel pool stage feet
1916 May June July August
1l 2.0 4.4 366 l.2
2 2.0 3.4 4.7 l.2
] 2.3 3.0 4.0 1.2
4 2.8 2.5 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 2.6 .4 1.5 1.3
9 2.4 3.l 1.5 1.3
10 246 3e¢b 1.5 1.3
11 2.5 3.8 1.6 1.2
12 2.8 8.2 1.5 l.2
13 2.0 3.0 l.4 l.2
14 2.0 3.0 1.6 1.1
15 4.0 2.8 1.5 1.1
16 8.8 35 1.3 l.2
17 9.3 8.0 1.5 1.1
18 8.0 3.5 1.5 l.1
19 6.4 3.6 1.6 1.1
20 5¢5 3eb 1.6 1.1
21 Ze8 3.3 1.6 1.0
22 el 2.2 1.7 1.0
23 3.0 2.0 1.2 1.0
24 4.2 2.4 l.4 1.0
26 35 3.8 1.3 1.0
26 38 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 stasge 8 feet.Normal pool stage feet
1916 September October November December

1l 0.9 1.4 l.4 l.2

2 0.9 1.1 l.2 1.2

3 0.9 1.0 1.4 1.3

4 0.9 1.0 l.2 1.3

b 1.0 1.0 l.2 1.3

6 1.0 b Y 1.8 1.8

7 1.0 l.2 1.8 1.3

8 0.8 1.0 1.3 1,3 High 11.56

9 0.8 l.1 1.3 1.3 Mean 2.6166
10 0.8 1.1 1.3 1.5

11 0.8 1.1 1.3 1.3 290.6 C.F.S.
12 1.0 1.0 1.3 1.3

13 1.0 1.3 1.3 l.4

14 1.0 l.4 1.2 l.4

16 1.0 l.4 l.2 1.3

16 1.0 l.1 1.2 1,3

17 0.9 l.1 1.3 1.8

18 0.9 1l.1 1.2 1.5

19 0.8 1.1 l.4 1.5

20 0.8 l.1 l.2 1.4

21 0.8 1.3 l.2 l.4

22 1.0 1.4 1.2 1.4

23 1.0 1.3 1.3 1.6

24 0.9 1.3 l.4 1.5

256 0.8 1.3 l.4 l.4

26 0.7 l.2 1.3 l.4

27 1.0 1.4 l.2 1.5

28 1.5 1.3 l.2 1.5

29 1.5 1.3 1.2 1.5

30 1.3 1.3 1.3 1.5

31 1.3 ' 1.5



Great Lakes Drainage Grand River Basin

Red Cedar River ZEast Lansing (station)
Flood stage 8 feet HNormal pool stage feet
1917 January February Maroch 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 &.8
4 l.4 1.8 2.8 4.1
b 1.5 1.9 268 4.4
6 1.8 1.8 2.3 5.3
7 2.0 1.9 2.2 9.4
8 2.0 l.6 2.4 8.7
9 1.8 1.5 2.0 7.1
10 1.8 1.9 2.1 5.6
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 1.8 1.6 3e9 246
17 1.8 1.7 Sed 2¢3
18 1.7 1.8 3el 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 l.4 1.4 Sel 5.4
24 105 200 4.‘ 502
26 1.6 2.0 D4 4.5
26 1.6 2.6 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 Jed
30 1.8 4.9 Je1l
31 2.0 5.0



Great Lakes Dreinege Grand River Basin

Red Cedar River East Lansing (station)
Flood stage 8 feet Normal pool stage feot

1917 May June July August
1l 3.2 4,3 4.5 1.3
2 36 3.5 4.8 1.2
3 33 3.0 4.1 1.1
4 2.8 3.5 3el 1.0
b 2.5 3.0 2.3 1.0
6. 2,6 3.8 2.0 1.0
7 2.5 6e9 23 1.0
8 2.6 8.0 3.0 1.2
9 2.4 6.8 £.6 l.2
10 2.2 4.6 2.1 l.4
11 2.0 Sed : l.8 l.4
12 1.9 2.8 1.6 1.1
18 1.8 2.4 2.1 1.0
14 1.8 3¢5 2.8 1.0
15 1.5 263 2.1 1.0
16 1.5 2.1 1.9 1.0
17 1.5 l.8 1.8 0.9
18 1.5 1.7 4.1 0.9
19 1.6 1.7 3.9 0.8
20 1.4 1.7 - Sel 0.8
21 1.2 1.6 2.4 0,9
22 1.8 1.6 2.0 0.9
23 3.0 l.4 l.7 0.9
24 3.8 3.8 1.7 1.3
28 1% -1 38 1.6 l.4
28 37 2.7 1,56 l.8
27 3el 2.8 1.5 1.3
28 6.5 2.3 1.5 1.0
29 73 3e7 1.3 0.9
80 6.1 el 1.8 0.9

31 4.9 1.3 0.8



Great Lakes Drainage Grand River Basin
Red Cedar River East Lansing (Station)
Flood stage 8 feet TNormal pool stage feet
1917 September Ostober Hovember December

1l 1.0 0.8 2.1 1.8

2 l.2 0.8 2.0 l.4

3 1.0 1.4 1.9 1.5

4 1.0 1.8 1.7 1.5

b 1.7 1.0 1.6 1.6

6 2.8 1.8 1.5 1.5

7 2.6 l.1 1.6 1.5

8 2.4 1.0 1.8 1.5

9 1.9 1.0 1.6 1.5
10 1.6 l.2 l.4 1.5 High 9.4
11 l.4 1.0 l.4 1.5 Mean £.2b6
12 l.4 1.0 1.4 1.5 '
13 1.2 l.2 l.4 l.6 238.0 C,F.S.
14 1.2 l.1 1.4 1.5 .
156 1.8 1.0 l.4 1.5

16 l.4 1.3 le4 1.5

17 l.1 l.2 1.4 1.6

18 l.2 1.3 l.4 l.4

19 1.1 1.6 le4 1.5

20 1.1 1.6 1.6 1.8

21 1.0 1.6 1.5 l.9
22 1.0 1.6 1.5 2.0
23 1.0 1.5 1.5 2.3
24 0.9 2.0 1.5 2.1
26 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 2.6 1.6 1.7

29 1.0 2.2 1.5 1.6
30 0.9 2.4 1.5 1.6

31 1.1 2.4 1.6



Great Lakes Drainage Grand River Basin

Red Cedar River Bast Lansing (station)

Flood stege 8 feet Hormal pool stage foot

1918 January February Merch April
1l 1.6 1.4 8.8 8.8
2 1.6 1.8 T7 8.8
] 1.6 l.4 7.6 4.7
4 1.5 l.4 7.1 4.8
B 1.6 1l.4 7.6 3.4
6 1.6 le4 7.4 2.9
7 1.5 le4 7.0 2.8
8 1.5 1.3 6.4 2.4
9 1.5 l.4 Beb 2.4

10 1.8 1.7 4.9 2.8
11 1.6 1.8 4.2 2.1
12 1.5 2.3 8.1 2.1
13 1.5 5.6 8.1 2,0
14 1.8 7.8 9.5 2.0
16 1.6 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 1.6 9.8 9.2 2.9
19 1.6 9.6 8.0 2.9
20 1.6 9.8 66 2.9
21 1.6 9.3 5.7 2.8
22 1.6 9.7 5.0 2.8
2% 1.6 8.6 4.8 2.6
24 le.4 7.5 4.2 2.8
4] l.4 7.8 Se8 2.3
26 l.4 7.4 -1 2,0
87 104 9.0 ' 3el 2.0
28 l.4 9.6 2.8 2.1
29 l.4 2.6 2.3
80 i Y 2.6 2.4

31 l.4 2.6



Great Lakes Drainage Grand River Basin

Red Cedar River East Lensing (station)
Flood stage 8 feet Normal pool stage foot
1918 May June July August

1 2.4 1.8 1.8 1.0

2 L.4 1.7 1.3 1.0

3 2.4 l.4 1,3 1.0

4 2.3 le4 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 l.4 1.1 0.9

8 1.8 1.4 1.1 0.9

9 1.7 1.5 1.0 0.9
10 1.9 1.8 1.0 0.9
11 2.1 le4 1.0 0.9
12 2.8 l.4 1.2 1.0
18 L.8 1.4 1.1 1.0
14 38 1.6 1.0 1.0
156 19 -] 1,8 1.0 1.0
16 Sl 1.8 0.9 0.9
17 2.7 1.3 0.9 1.0
18 L4 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 " le6 1.2 0.9 1.0
22 1.7 1.3 1.0 1.1
23 1.5 l.82 1.0 1.1
24 1.5 1.0 0.9 1.1
&b 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 l.6 1.0 1.0 0.9
29 1.6 0.9 1,0 1.0
50 1.8 1.0 1.0 1.0

3l 1.8 1.0 1.0



Great Lakes Drainsge Grand River Basin
Red Cedar River East Lansing (station)
Flood stage 8 feet Normal pool stage feot
1918 September October Eovember December
1 1.0 1.1 1.2 1.6

2 1.0 0.9 1.3 1.6

3. 1.0 0.7 1.2 1.5

4 1.1 0.6 1.2 l.4

b 1.2 0.6 1.0 l.4

6 1.0 1.8 1l.4 1.4
14 1.0 l.4 1.1 1.3
8 0.9 1.8 1.3 1.6
9 0.9 1.1 2.0 1.6 High 12.0

10 1.0 1.8 1.9 1.9 Mean 2,85
11 1.0 1.1 1.9 B3
12 1.1 1.1 1.9 2.7 260.0 C.F.S.
13 1.2 1.1 l.9 2.8
14 1.1 1.0 1.7 3.5
156 1.1 0.8 1.7 4.4
16 1.0 1.0 1,7 4.5
17 1.0 0.9 1.5 4.3
18 1.2 l.1 1.8 S7
19 1.8 l.4 2.8 el
20 1.3 1.6 2.6 el
2l . 1.8 1.1 2.3 el
28 0.8 0.9 2.3 Se7
23 l.2 1.1 1.9 5.2
24 1.0 l.4 1.7 4.8
25 1.0 l.2 1.7 4.3
. 26 0.9 1.3 1.6 3.2
27 0.9 1.6 1.6 79 |
28 1.1 1.2 1.5 3.0
29 1.1 l.4 1.6 §.1
30 1.1 l.4 1.6 3.2
81 l.4 Se8



Great Lakes Drainage Grand River Basin
Red Cedar River Bast Lansing (8tation)
Flood stage 8 feet Normal pool stege feet
1919 January February March April
1l 3¢5 2.1 3.8 2.2
2 3.9 1.7 Sel 2.1
-] 4.9 1.8 Sel 2.1
4 39 2.0 3.2 2.3
b 3.8 1.8 2.9 2.7
6 3.8 1.6 2.8 2.8
4 2.9 1.7 2.6 2.4
8 3.0 1.8 2,3 4.1
9 3.0 1.6 2.2 4.2
10 2.9 l.4 2.1 4.5
11 2.8 1.5 2.0 5.0
12 2.2 1.6 1.8 5.2
18 2.5 1.6 2.9 4.3
14 £.6 1.8 3.9 4.0
18 2.6 1.7 4.5 37
16 2.6 1.7 7.8 6e9
17 2.9 l.4 10.0 8.4
18 2.1 1.8 9.8 9.4
19 2.8 l.4 9.3 8.5
20 2.4 1.2 8.9 7.0
21 2.4 l.4 7.7 6.2
22 2.2 1.5 6.8 4.6
23 2.4 3.0 - Bed 5.5
24 38 2.7 3.8 8.8
26 3.l 2.8 Sed 4.0
26 2.9 2.6 19 87
27 .7 2.6 34 3.1
28 2.7 2.6 3.8 3.6
29 .4 3.2 3.1
80 2.5 2.8 2.8
3 2.6 2.7



Great Lakes Drainage Grand River Basin

Red Cedsr River Rast Lansing (station)
¥Flood stage 8 feet Normsl pool stage feot
1919 Msy June July August
1 3e2 1,6 2.1 1.0
2 Seb 1.3 1.7 1.0
- 4.0 1.8 1.6 0.9
4 6.6 1.0 1.3 0.9
5 8.8 1.0 1.2 2.8
6 9.1 1.2 l.4 2.9
7 8.8 l.2 1.3 2.9
8 6.7 1.2 1.3 2.8
9 5.4 l.1 l.2 2.6
10 4.7 1.1 1.8 2.4
11 3.8 1.1 1.8 2.4
12 Ze8 1.0 1.3 1.4
13 S5 0.9 1.8 1.3
14 2.7 1.4 1.3 1.3
15 2.7 1.2 l.4 1.2
16 3.2 1.2 1.4 1.2
17 1Y ) 2.0 1.5 1.4
18 2.9 l.4 1.8 1,3
19 2.6 1.6 1.1 l.2
20 2.3 1.5 l.1 1.l
3 2.4 1.3 1.2 l.1
28 2.4 1.6 1.3 1.1
28 2.6 1.5 1,8 1.1
24 2.2 1.5 1.8 1.0
26 2.8 L.8 1.8 1.0
26 2.0 4.6 l.4 0.8
27 2.0 4.7 1.2 0.7
28 1.8 8.6 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 1.8



- .
Fns

»Great Lakes

Red Cedar

River

Flood stage

8

feot

Drainage

Grand River Bagin

Esst Lansing (station)

Normal pool stage feot

1919 September Ootober. Bovember Desembex
1 1.0 l.4
2 1.0 1.8
- 0.9 1.3
4 1.0 1.2
b 1.0 1.2
6 1.0 1.0
7 1.0 1.0
8 1.0 1.8
9 1.0 13
10 1.0 1.2 High 10.0
11 1.0 l.4 Mean £.38
12 1.2 1.4
18 0.9 l.2 £54.2 C,F.S.
¢ 1.0 l.2
15 1.0 1.3
16 0.7 1.3
17 0.9 l.4
18 0.9 1.2
19 0.9 1.2
20 1.0 1.2
21 1.1 1.8
2L 1.0 l.4
23 l.4 l.4
24 l.4 1.0
26 1.3 1.1
26 l.2 l.4
27 1.3 l.2
28 l.2 1,6
29 1.1 1.5
30 1.2 1.5
3l 1.7



Great Lékea Drainage Grand River Basin

Red Cedar River East Lansing (station)
Flood stage 8 feet Normal pool stage feet
19256 May June July August
1l 1.3 1.0 9 l.8
2 1.8 1.0 o9 l.4
3 1.3 1.0 «85 l.4
4 1.3 1.0 «85 1.3
b 1.25 1.0 «8b 1.3
6 . 1.256 1.0 85 1.2
7 1.25 1.0 " +88 1.2
8 l.26 1.0 «8B 1.2
9 1.25 1.0 «86 1.8
10 l.25 1.0 «86 1.2
11 1.2 1.0 «8 1.2
12 1.2 1.0 o8 l.3
13 l.2 1.0 o8 l.25
14 1.2 1.0 8 1.25
15 l.2 1.0 8 1l.2
16 l.2 1.0 «8 1.2
17 1.1 1.0 o8 1.2
18 l.15 l.0 8 1.2
19 1.156 1.0 «8 l.2
20 l.15 «9b 8 1.2
2l 1.156 95 o8 l.2
22 1l.16 '98 N:] 1.15
23 1.1 98 8 1.15
24 1.1 96 8 1.15
2b l.1 95 o8 1.156
26 1.1 95 8 1l.156
27 1.0 95 .8 1.1
£8 1.0 o9 8 l.1
29 1.0 o9 o8 1.0
80 1.0 9 8 1.1
31 1.0 o8 1.1



Great Lakes Drainage Grand River Basin
Red Cedar River East Lansing (station)
Flood steage 8 feet Normal pool stage feet
1926 September Osctober Novenmber December

1 1.1 1.0 1.9 1.Y Highest stage

2 1.05 l.2 1.80 1,7 for the year

3 1.06 2.3 1.7 1.7 11.356

4 1.056 33 1.65 1.7

b 1.0 4.5 1.6 2.6 Date

6 1,0 3e9 1.6 .9

4 098 3.l 1.6 2.9

8 «95 2.6 1.6 2.6 Mean 2,35

9 o9 2.1 1.6 2.35
10 1.0 2.0 1.6 2.0
11 1.8 2.0 1.7 1.9
12 1.3 1,9 1,9 1.9
13 1.2 1.9 Se4 1.9
14 l.2 l1.85 3.6 1.70
16 1.2 1.85 3.8 1.5
16 1.2 1.8 4.0 1.8
17 - l.15 1.8 Se8 1.458
18 1.156 1.8 3eb 1.40
19 1.16 1.8 4.6 l.4
20 1.0 1.7 4.9 l.4
2l 1.0 1.7 4.75 1.36
22 1.0 1.6 4,2 l.27
23 1.0 1.7 3.86 1.2
24 1.0 1.80 Le9 1.15
25 1.0 1.9 2.5 1.15
26 1.0 2.0 2.3 l.1
27 1.0 2.5 2.1 1l.1
28 1.0 2.6 2.0 1.1
29 1.0 L4 1.856 1.1
30 1.0 2.1 1.7 1.1
3l 2.0 1.1



Great lLakes Drainage Grand River Bagin

Red Cedar River East Lensing (station)
Flood stage 8 feet Normal pool stege foet
1926 Janueary February March April
1l 1.2 2.2 6.6 7.7
2 l.2 2.3 6.1 7.6
3 1.3 2.8 5.14 7.4
4 1.3 2.1 4.27 7.15
b l.4 2.0 3465 2.0
6 1.8 2.0 3.82 7.2
(4 1.6 1.8 3e3 78
8 l.4 1.6 .26 745
9 l.4 1.6 3.32 8.0
10 1.8 l.6 Sedl 8.2
11 1.3 1.5 3.46 7.68
12 1.2 1.6 S.66 6.86
123 1.1 1.8 3e6 5.83
14 1.1 1.5 3.46 5.04
156 l.1 1.5 3.086 4.4
16 1.1 1.5 2.36 .76
17 l.4 1.8 2.26 3.60
18 2.8 1.856 2.2 Se23
19 4.3 1.856 5.85 3.01
20 5.2 1.9 9.95 2.76
21 .4 1.9 11.356 2.6
22 4.6 2.0 9.9 2.4
23 4.0 2.05 9.45 3.38
24 3.8 2.1 9.08 2.55
25 3.5 4.0 8.45 2.856
26 3.8 6.2 7.86 2.98
27 2.6 6.65 7.80 2.9
28 1.8 6.6 7.80 2.856
29 1.8 775 2.8
30 1.9 7.74 27

21 2.l 7.70



RATING TABLE FOR RED CEDAR RIVER AT

MIBHIGAN STATE COLLEGE

Discharge in Cubic Feet per 8econd

Guage Dis- Gusge Die- Guage Dis-
Height ocharge Height charge Height charge
0.50 86 1.76 163 8.00 357
0.86 a7 1.80 169 3.05 866
0.60 40 1,86 175 8.10 378
0.6b6 45 1.90 183 815 384
0.70 50 1.95 191 S.20 398
0.76 68 2.00 208 S.28 404
0.80 59 2.06 2056 5.80 414
0.85 63 2.10 208 3.35 422
0.90 67 2.16 216 3.40 4328
0.95 70 2.20 2256 S.45 441
1.00 ™ 2.26 233 8.60 450
1.06 80 2.30 841 S.68 460
1.10 83 2,86 2560 3.60 470
l.1b6 88 2.40 257 19 1 480
1.20 98 2.46 263 8.70 490
1.8286 105 2.50 270 8.76 500
1,80 110 2.68 278 3.80 509
1.35 118 2.60 287 8.86 518
1.40 120 2466 ;gs 3.90 527
1.46 125 8.70 5 3«96 636
1.50 132 2.5 814 4.00 545
1.656 188 2.80 328 4.08 565
1.60 144 2.86 331 4.10 565
1055 150 2090 840 ‘015 575 o
1,70 167 2.95 348 4.20 586
4.25 596 5.50 906 6.76 1326
4.30 607 5.566 920 6.80 1845
4.36 618 5.60 935 6.85 1365
4.40 629 5.65 950 6.90 18856
4.50 6560 5.75 981 7.00 1425
4.55 661 5.80 997 7.05 1446
4.60 672 5.86 1013 7.10 1468
4.65 684 B5.90 1029 7.18 1490






Guage Dis- Guage Dis- Guage Dis-
Height charge Height sharge Height charge

4.70 . 696 B.95 1040 7.20 1609
4.76 708 6.00 1060 7.26 1681
4.80 720 6.05 1076 7.30 1664
4.86 732 6.10 1091 7.36 1677
4.90 744 6.15 1108 740 1600
4.96 767 6.20 1126 T.4b 1624
8.00 769 6.25 1143 7.60 1647
5.06 782 6.30 1161 7465 1669
65.10 796 6.36 1179 7.60 1692
6.16 808 6.40 1197 T+65 1718
5.20 820 6.45 1815 7.70 1738
5.25 884 6.50 1832 T7.7b 1761
5.80 849 6.566 1260 7.80 1786
5.36 863 6.60 1269 7.85 1810
5440 878 6.66 1288 790 1888
5.4b 892 6.70 1807 7.96 1860
8.00 18856 9.20 2556 10.50 8488
8.06 1910 92.30 2687 10.56 2479
8410 1936 9.35 2619 10.60 5620
8.18 1961 9.40 2651 10.65 3661
8.20 1987 9.45 2683 10.70 3602
8.86 2013 9.650 27156 10.76 3648
8.80 2039 9.66 2747 10.80 3684
8435 2065 9.60 2779 10.85 8726
8.40 2091 9.68 2811 10,90 8770
846 2117 9.70 2848 10.95 3816
8.50 2143 92,75 28756 11.00 2868
8.68 2169 9.80 2911 11.08 8908
8.60 2196 986 2947 11.10 8954
8.65 2228 9.90 2988 11.18 4000
8.70 2250 9.95 8019 11.20 4060
8.76 2277 10.00 8065 11.25 4100
8.80 2804 10.08 3091 11.80 4150
8.88 2331 10.10 3127 11,36 4200
8.90 2868 10,16 8164 11.40 4250
8.95 2385 10.20 3201 11.46 4300
9.00 2413 10.25 3238 11.50 4350
9.05 2441 10.80 8276

910 2469 10.86 8316

9.15 2497 10,40 3866

9.20 2626 10.456 3297
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Revision of Vermuele's Formule

This formula geve results which were consistently
too low, 80 it was revised to give better results for
the Red Cedar. The revision was accomplished by taking
values for mean annual temperature, mesan annusl rainfall,
snd known values of mesn annusl flow, end substituting
in the formmls and solving for a new constant o.

Since the mean annual flow was known for ten yesrs,
ten values of ¢ were found and the mesn vslue determined.

The computations are as follows:

1903
26.,2F = 271
Fx 10.34 |
10.84 = 37,24 =(11457.240) (.036x45.4~.65)
10,34 = 37.24 - 10,35 - 35.20
86.20 = 37.24 - 10.33 - 10,34

G = JA7



1911

26.,2F = 159.4
F=s 6.l
6e1 = 31,12 -(11 + 31.120)(.035 X 47.9 - .65)
6.1 = 31.12 « 11.3 « 3l1l.90
3le90= 31lel2 = 118 « 6.1

6= .48
1912
26.2F = 234.6
r - 8097
8.97 = 33.5 «(11 4 33.56)(.036 X 44,3 « ,6b)

897 = 33.5 - 9.9 « 30,10
80610 = 335 » 9.9 = 8,97
6 = 487
1918
¥z 9.5
9¢5 = 31,08 « 11.28 - 8l.7¢

51070 - 31005 - 1102 - 905
c = 327



26,28F =

8.67
8.67
29.,3¢c

26.2F =

10.1 =
10.1 =
3l.30=

26.2F

11.1
11,1 =
28.8¢

1914

226.6
8.67

30,37 ~(11 4 80.370) (.036 X 46.2 - .65)
30.37 - 10,6 = 29,50

30037 - 10.6 - 8.67

379
1918
264.6
10.1

32441 = (11 £ 32.410) (,036 X 4648 = +65)
32.41 = 10,6 ~ 1,30

32,41 = 10,6 = 10.1

JET4

290.6

11.1 _

29,48 = (11 4 29.480)(.085 X 46.8 -« +65)
29.48 = 10.65 = 28.80

29,48 ~ 10,65 = 11.1

+268



1917

26.2F = 233
F = g.9
8e9 = 22,68 =(11 4 32.680) (,035 X 43.2 = ¢65)
B4 = 32.68 « 9.46 - 28.10
28,10z 32.68 = 9446 = 8.9
ez ,51

26.,8F = 260

9.6b

9.566 3195 «(11 ¢ 21.950)(.035 X 4645 - +65)
9.56 31.956 = 10.76 - 3l.20

31420 = 31e985 = 10475 = 9455

=
1t

6o = 374
1919

26.8F = 254.2

F = 9,78

9472 = 321447 =(11 ¢ 31.470)(.035 X 47.7 = .65)
9.72 31.47 = 11.2 - 32.10
32e10 = 31,47 - 1l.2 -« 9,72

0= ,329



470
0430
«487
327
379
374
«268
«510
374
_329
10 0948

. 8 Mean Value for C for 10 years.

9.72
9.66
8.90
11.10
10,10
8467
9.50
8.97
6.10
_10.34
10 | 92.95
«295 Mean Value for F for 10 years



1. The oriviiegl of Varmzuele's formule Weg ta'en froa th.e

Yygiro-itlectric Yend Foot 'y Cresrer e & Justin, pere 39.

The roacible error for eny spsciflec yeer was foun’ Ly
usinz a formule fron stetlasticsl mcthods,

2 1 C.0T45 Vz. ve ,
I

-1
. 2 : ~ . e e
wiere 2.V~ enuelsg tie sum of tiic sgacres of tha [liTlers.ices
between ectu:l z3d cowmnutetl flow., () eg.cls the nuwber
of otservetions used. (&) w:s found to Ye  Zlji. 1het is,
te maxlmun »Hos-siile ¢rror la e plue or minus Z1% for any

definlte ycer and is exect for &n esvercoc yoor end en

avera~ s of years.



F Mean =

for

B Y o O
won

2+
©®

31e43 «(11 ¢ o395 X 31.43) (4035 X 4648 = +65)

31043 - (2304) (099)

83

Mean Value of F found by using 10 year value

6 and Normal Precipitation and Temperature.

Formuls Suggested for Red Cedar:

26.2 [B - (11 ¢ +395¢) (,035T = .65)]

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

Total precipitation for the year considered

Average temperature for year considered

Formula for S. Mich. Streams

R-(11 £=825R)(.035% = 0.65)

Reinfall

T =

EGMP .

F = depth of run off



Since th: ereectlna of ne conerete btrinie cerosg the Led
Ceiar *1ver, cslled tie 2ti:letle 1:1d Lridre, & rozd way on
en eartien enben inent hes tcen tullt zcross tuc orisinsl flood
plain. thils leavcs ti.e bridre es e only outlct for dis-
charga.

! detelled study wes mede to cetermine whet hecd would
be necessary to discierg. tl.c flood flow thet is 11:é1y to
ocecur durls- the life-tlzne of ti:e tridire. 4 crosa section

unier thie trildsz wes nleotted, . & crea dete:rmined.

j0-1" 404

5%
469.37 "

15"

vetted neriueter (r; _ i _ 244.8 _ 4.65
) 03.2

Jdel .~ [ e-noullig"’ Thecore:,

2 ~

\; D - N
P S S Vo, P2 o422 + n
2g w 2¢ w

e vere :lle to determins 1f trn necd necessary to
rush tne flood flow tharu tue bridre, was so high that it
would wesn awey tue earticn e benkment of the raodwsy.

Tne crecgt of t.e road 1is four feet gbove tie uprer level
of the onenl.; in the Lridre. -1lood flow wgs ta on as 10,
000 cu. ft. ~er sceoad.

e conrgllered thic head of tie dlsciargling eand of tne

bridre to be level with t. o upner part of the oroning end

c¢gusl to zero.



Head Necessary to Foroe Flood Water under Bridge.

The srea under the Bridge equals 944.8 square '

Q = AV
=Q_ 10,000
- = —_—t 1006 fto/BOOo
A 944.8 :
v
—_ 4 2 . z
2q - $ 2' = V2 + Pg + zg 4 he
2q w

10.6 = 140 V 4,65 X hf

46
19600 X 4.65 X hf
15

46 X 112,56
19600 X 4.65

112,56

hf

= .0565

then

- 112.6 4 ,0566
6%04 64.4 :
' 64,4
r = 624 X 31,797
6244 X 1,797 ° 1.8' head
62.4

Room availeble = 4' 0.X.



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 Waltere for the United
States Geodetic survey. Those for 1911 to 1919 inoclusive
were taken by the United States Weather Bureamn. Those for
1926 and 1926 were taken by Preston &nd Wrench, senior
students at Michigan State College, as part of their work
on 8 thesis submitted to the faculty in 1926,

4s eight feet ie considered flood stage by the United
States Weather Bureau, only readings of eight feet or above
were considered in handling the computations for the prode
ability ourve for floods. These readings were listed in
rotation according to numerical value starting with eight
feet. The number of oocourrences of each flood was listed
next. From the number of ocourrences of esch flood the
sumation of osocurrences of floods equal to, or greater than,
each one was found. By using the formuls, P = 10052:%;§;
the percentage of occurrences of eash flood, with
reference to the total number of floods, was found. In
this formula p = percentage of ocourrences

n = gumation of occurrences

m = total number of ocourrences



The interval between floods of each stage was found
by dividing the summation of ocourrences minus five tenths
by the number of years for which records were taken: eleven
in this ocase. |

4 ocurve was plotted with discharge as the ordinate and
frequency in years as the abscissa. This ourve was plotted
on paper which had s logarithmic sosle for both ordinate and
abscissa, beceause this was found to give very close to a
straight line curve. This curve was extended to give readings
of discharges of floods with s frequenoy of ome hundred years.
The average life of works on a stream is somewhat less than
this figure, 80 8 fifty-year frequensy should bs suffiocient.
This shows a2 discharge of 10,000 oubie feet per second.

These results were cheoked by Kuichling's formula whioch
is nown to give values which are low. By this formmla

Qs 127000
868 - 870
square mile.

+ 7.4 2 185.9 oubie feet per second per

Q = 183.9 X 368 = 6600 oudbic feet per second.

Table I and Curve I show the csloulstions and results
of this work.

Because of dsnger to 1ife and property and the low aost
of construotion of any work on & stream such ss the Red Oedar,
1t 18 Dest and most esonomical to construct works which will
safely handle the greatest flood apt to oscur in the lifetime



of the struoture. The flood considered should be at a rate
of at least 10,000 cubie feet per second.

The conorete bridge and roedwey from the gymnasium to
the armory is a oritiecal point at high flood stage. A
determinstion was mede to find out if these works were de-
signed and erected in a manner t0 safely handle the meximum
flood., It was found that they were entirely safe.

The average rate of flow for each year used in this york
ﬁa found. The average of these aversges was determined.
Since all the records gave data which were oonsiatint with the
ourves snd coxputations made, it was oconsidered that the average
of the yearly average rstes of flow could be safely taken as the
constant average rate of flow. Thias figure was found to be two-
hundred and forty-four ocubie feet per seoond. This would be the
rate of flow 1if the water from floods and wet years ocould be
stored up used during dry periods to maintain s constant rate
of discharge. In other words, this figure gives the amount of
water which could be utiliszed year after year for water supply
or power developement if sufficient and properly designed
works were erected. Such works would be very good flood
protection as they would control the rate of flow snd thus
ocontrol the whole flood. Therefore, if any works are erected
they should be suffiocient to meintain this average rate of
flow of two-hundred and forty-fouzj ocubic feet per seocond.

The derivation of this aversge rate of flow is shown
graphiocally in ourve II.






Dry years and wet years very seldom ocour in any
definite order. Frequently one wet year is followed by
another or maybe three or four. Dry periods often last for
several years. EKnowing these facts it was thought advisable
to determine some means of estimating the frequenoy and
extent of these two things. This was done in a manner
gsimilar to the one used for determining the frequency and
discharge curve for floods in part I. Yeerly average rates
of'flow were used in place of daily retes of discharge.

The values below the mean yearly eversge of two hundred

and forty-four cubic feet per second were used to construct
the dry year frequency curve. The values above this figure
woere used to construct the wet year frequency ocurve. Curves
III and IV show the results of this work.

These curves would aid greatly in making the estimates
and plane for flood control, water supply, er power develop-
ment works. They give the dsta necessary for caloulating
storage capscity to maintain the mean yearly rate of flow.

Realising the insuffieiency of available data on the
Red Cedar River, an attempt was made to find a formula
whioch would give some usable data from rainfall temper-
ature records which are available at the United States
Weather Bureau in Esst Lansing. Several formulae were
tried and discarded because they gave values which were

inconsistent. Vermuele's formula gave values which were






oonsiatent but too lowe It was fonnd;tpgq?py%ghgq' a
was devised for rivers in New England whioch do ﬂof compare
favorably with the Red Cedar. Because of the consistency
of the results of this formmla 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 annuel
run-off in the formula and solving for the coefficient by
which the rainfall is multiplied in the formuls. This was
done with ten years records whieh could dbe used. The mean
value 0f the coefficient was .295. 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 correot,
to a plus or minus 21 %.

This formuls could be used on any similar stream;
especially the smaller streams in Southern Michigan. The
error which arises from the use of this formmle 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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