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LETTER OF TRANSMITTAL.

DePARTMENT OF THE INTERIOR,
UNITED STATES (FEOLOGICAL SURVEY,
Drviston or HyprocraprHy,
Washington, D. C., April 10, 1905.

Sir: I transmit herewith a manuseript, prepared by E. C. Murphy,
entitled * Destructive Floods in the United States in 1904,” and
request that it be published as a water-supply paper.

The value of property along the streams of this country is rapidly
increasing and data on the flood flow of streams and means of pre-
venting overflow are of increasing interest and value.

Data on the other extreme of stream flow are also of increasing
interest and value, as droughts affect not only the agriculture and
navigation interests of the country, but also, to a considerable extent,
its manufacturing and transportation interests.

Very respectfully,
F. H. NewELL,
Chief Engineer.
Hon. Cuaries D. Warcorr, .
Director United States Geological Survey.






DESTRUCTIVE FLOODS IN THE UNITED STATES
IN 1904.

By E. C. Murray and others.

INTRODUCTION.

Destructive floods occurred on several streams of the United
States during the year 1904, mainly on the smaller streams in the
western part of the country. The loss of property caused by these
floods, while large in the aggregate, is small compared with flood
losses of some previous years.

The first in chronologic order in the list of destructive floods of
1904 is that on Sacramento River in California, which ocenrred in
February and which was the most destructive in the records of that
stream. In March occurred the flood on Susquehanna River, due
mainly to ice gorges; the flood of Mohawk River in New York
and that of Grand River in Michigan, due mainly to the rapid melt-
ing of snow; and the flood on Wabash River, due mainly to rainfall.
In May very heavy rains in northern Colorado and southern Wyo-
ming caused a flood on Cache la Poudre River and Crow Creek, which .
resulted in the loss of considerable property along them. In the
early part of June the Belle Fourche and other streams on the north-'
ern slope of the Black Hills were in destructive flood. In the latter -
part of June and the early part of July continued heavy rain caused
the rivers in southeastern Kansas to be higher than ever known before
and to cause much damage. Several cloud-bursts occurred in this
month, causing local floods in western Pennsylvania and western
Arizona. The Johnstown, Pa., and the Troxton Canyon, Arizona,
floods are examples of these. Very heavy precipitation during the
latter part of September and the early part of October in southern
Colorado, New Mexico, and Texas caused floods of unprecedented
magnitude on Purgatory, Canadian, Pecos, and other streams of that
region.

After these floods in the western part of the country there was a
severe drought in the eastern part. This was felt most keenly in the
upper part of the Ohio drainage basin and to'a lesser extent in the
Southern and New England States. This drought is briefly de-
seribed in this paper.

1



12 DESTRUCTIVE FLOODS IN UNITED STATES IN 1904. ([wo.147.

The United States Geological Survey has carried on a study of
the water resources of the country for the past seventeen years, and
there is now available for the use of engineers and others interested
a large mass of data bearing on the seasonal flow of the principal
streams of the country. In this paper that part of these data which
bears on the maximum rate of run-off of streams is brought together
and a method is given for the determination of the waterway area of
streams.

The writer acknowledges his indebtedness for data used in the
preparation of this paper to Mr. F. H. Newell, chief engineer of the
Reclamation Service and hydrographer in charge of stream-gaging
work; Messrs. J. B. Lippincott, B. M. Hall, A. L. Fellows, M. C.
Hinderlider, W. M. Reed, G. H. Matthes, and R. E. Horton, in
charge of the districts in which the floods described in this paper
have occurred ; and especially to S. G. Bennett, Raymond F. Walter,
F. W. Hanna, J. C. Hoyt, James A. Armstrong, A. J. Parshall, R. 1.
Mecker, George B. Monk, W. G. Russell, Frank S. Dobson, and
T. Tobish.

1
SACRAMENTO RIVER FLOOD, CALIFORNIA.c

From February 15 to the end of March, 1904, occurred the most
destructive flood, as far as property was concerned, in the recorded
history of Sacramento. The greatest known flood oceurred forty-
odd years before, in January, 1862, and was due to rainfall, the pre-
cipitation in December, 1861, and January, 1862, just prior to it
having been 23.62 inches. This flood filled the entire flood plain,
and was not limited, as was the later one, by the reclamation of large
tracts of bottom land, nor was the channel below the mouth of
Feather River then filled with mining débris as it is now.

STREAMS AND DRAINAGE BASIN.

Sacramento River rises in the northern part of California, flows in
a general southerly direction for about 260 miles and empties into
Suisun Bay. Its chief tributaries are Pitt, McCloud, Feather, and
American rivers, entering from the east, and Cache, Putah, and
Stony creeks, entering from the west. These streams and the
location of the gaging and precipitation stations in this basin are
shown in Pl. L.

Between the Sierra Nevada and the Coast Range of mountains
lies what is called the Great Valley of California, having a length
of about 400 miles and a width varying from a few miles to 80 miles,
the average width being 40 miles. Tt has a gentle slope, being prac-
tically an unbroken plain, with an area of about 15,700 square miles.

e Prepared from report of S. G. Bennett, engineer.
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The northern portion of this valley is drained by the Sacramento;
the southern part by the San Joaquin River.

What is commonly known as Sacramento Valley extends.only as
far north as Iron Canyon, 4 miles beyond Red Bluff. The part of.
the drainage basin above this canyon is very different in topography
from that below it, being mainly hilly and mountainous, with steep
slopes and rapid run-off, while the valley below this canyon has a
remarkably uniform slope. At Red Bluff the elevation is about 300
feet above sea level, near Colusa it is 50 feet above sea level, and at
Sacramento it is 11 feet—that is, from Red Bluff to Colusa there is a
fall of 250 feet in 65 miles, and from Colusa to Sacramento there is a
fall of 39 feet in 50 miles. The area of Sacramento Valley is about
4,250 square miles, 2,510 square miles being high plains or hilly land,
not subject to overflow, 150 square miles subject to occasional over-
flow, 1,254 square miles naturally subject to overflow, and 38 square
miles constituting the surfaces of perennial streams.

Sacramento Valley below the mouth of Stony Creek is a typical
flood plain, the river banks being from 5 to 20 feet higher than the
land on either side of the channel. The lowlands on each side subject
to overflow are known as flood basins. They are connected with the
river by old river channels, known as sloughs, through which the water
enters the basins at ordinary and high stages. During flood stages
the river overflows both banks, as the channel capacity in some places
is only about one-third that of the flood plain of the river.

Butte basin lies on the east side of Sacramento River and north-
west of the Sutter Buttes. At flood stages the water in this basin
covers an area of from 30 to 150 square miles, and has a volume of
from 115,000 to 460,000 acre-feet. It receives water from the river,
from creeks, and during great floods from Feather River, and dis-
charges into Sutter basin.

Sutter basin lies south of the Sutter Buttes, between Sacramento
and Feather rivers. In time of flood the water surface has an area
of 138 square miles, and the basin has a maximuwm capacity of 895,000
acre-feet. This basin discharges into Sacramento and Feather rivers
near the mouth of the latter.

Colusa basin lies west of Sacramento River, and is bounded on the
south by a ridge of débris brought down by Cache Creek. It is about
50 miles long and from 2 to 7 miles wide, and has a capacity at ordi-
nary stages of 690,000 acre-feet. It drains into Sacramento River
above Knights Landing.

American basin extends from American River to a point about 9
miles above the mouth of Feather River. It has an area of about 110
square miles, and contains at ordinary flood stages 345,000 acre-feet,
its maximum capacity being approximately 575,000 acre-feet. It
receives the water which escapes through breaks in the east banks of
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Sacramento and Feather rivers, through the south-side levees of Bear
River, and from the Sierra Nevada foothills between American and
Bear rivers.

Sacramento basin is a long, narrow depression, east of Sacramento
River and south of the city of Sacramento. It has been protected for
a number of years from overflow by levees.

Yolo basin lies on the west side of Sacramento River below Knights
Landing. Tt is the largest of the flood basins, and has a length of 40
miles and an average width of 7 miles. During floods it contains
about 1,150,000 acre-feet of water. It is a by-pass for the excess
flood water of the Sacramento. An outlet through Cache Slough,
which enters the main river at the foot of Grand Island, discharges
at times more than double as much as the main river. The effect of
this body of water, which stands at the same elevation as the river,
is to increase the high-water stage near the foot of Grand Island if the
basin receives a large volume of water suddenly through a break in
the west side of the levees. Much damage has been caused to the
reclamation work on the delta island on this account.

The total approximate storage capacity of these basins, not includ-
ing the Sacramento basin, is 3,800,000 acre-feet.

The Sacramento below Red Bluff flows in a channel that is in
places raised above the surface of the country on either side. The
banks are low and there are sloughs that lead the water into the over-
flow basins. The slope of the channel is small, so that the flow is
sluggish. The channel cross section is much smaller than that of the
flood flow, so that the river sometimes overflows its banks and floods
the country for many miles on each side. The river was formerly
navigable to Red Bluff, and there was a rise and fall of the tides at
Sacramento of 2 feet in 1860. Now the tidal effect is not felt at
Sacramento and the bed of the river there is higher than the surface
of low water some years ago.

Feather River breaks through the foothills into Sacramento Val-
ley at Oroville. Tts mountain drainage is fan shaped and the water
collected when rains are general sometimes causes tremendous freshets
of short duration. The river has at such times overflowed its right
bank and submerged the relatively high-plain lands northwest of the
Sutter Buttes.

There has been a great change in the channel of this river in recent
years. In 1849 it was a clear-water stream falling over bars of gravel
and cobbles lying between well-defined banks to its junction with
Yuba River. Tidal influence extended for some distance up the
river. The bottom lands along Yuba and Feather rivers in their
original condition were inundated only at times of extraordinary
floods. Now Feather River below Yuba River has become the reposi-
tory of so much mining débris that its channel has been- nearly filled,
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its bottom being nearly at the height of its former baunks. The water
plain at Marysville at low stage of Yuba and Feather rivers is now
at least 15 feet higher than it was in 1849.

Feather and Yuba rivers were once navigable streams. Up to
1862 the Yuba was navigable all the year for ships and boats draw-
ing from 9 to 10 feet of water, and during the entire season deep-
water ships’ and steamers from around Cape Horn nav1gated to ’
’\/Iarysvﬂle. At the present time the channel of Yuba River is en-
tirely filled with mining débris and Feather River is practically
unnavigable.

PRECIPITATION.

The monthly precipitation at 14 places in the Sacramento River
drainage basin for the seasonal year 1903—f is given in the table
below, which shows clearly the .excessive precipitation at all sta-
tions of high elevation in this watershed during February and
March, 1904. The records for Red Bluff and Sacramento are taken
as typical of the precipitation of the Sacramento Valley. Fifty per
cent or more of the total yearly precipitation fell during these two
months, the rainfall being from 100 to 250 per cent above the normal.
The precipitation was 7.37 inches at Mount St. Helena on March 17
and 6.58 inches at Mount Shasta on March 15 and was 2 or more
inches daily at several places. Some of this precipitation fell as
snow and did not at once find its way into the streams as run-off;
otherwise the resulting flood would have been much larger than it
was.

Monthly precipitation at certain points in the watershed of Sacramento River,
California, for the season 1903-4.

Basin and station. [Sept.| Oct. |Nov.| Dec. | Jan. | Feb. |[Mar.| Apr. | May.June.|July.| Aug. | Total.

Upper Sacra-

mento:
Dunsmuira.__| 0.00 | 2.27 (16.94 | 5.84 | 5.03 [24.00 |22.90 | 4.33 | 0.00 | 0.00 | 0.00 | 0.00 | 81.31
Shastaa.___.__| .17 | 2.05 [19.67 | 4.78 | 2.79 [24.86 |16.37 | 7.84 | .07 | .00 04 00| 78.64.

Johns Campea_| .00 | 5.06 21.85 | 4.85 | 4.50 19.73 27.26 10.90 | .00 .00 | .00 | .00 | 94.15
Feather:

Quineya _____. .85 | 1.53 [14.08 | 3.72 | 2.46 [22.10 |10.83 | 1.97 | .74 | T. 05 12| 57.95
Butte Valleya|...... ce--[15.90 | 5.50 | 4.20 122.90 22.10 | 6.65 | .65 T. .70 | .90 |079.50
Yuba: .
Laportee _____ .40 | 8.50 |27.64 | 6.46 | 4.48 (30.35 31.66 | 7.63 | .98 | .24 | .10 | .58 | 114.02
Bowman
Dame . __.___ .00 | 4.03 31.27 | 6.19 | 5.37 |45.61 (39.51 | 8.52 | 1.37 | .15 20| .11 142.83
American: .
Ciscoa __._____ .00 | 1.00 (16.90 | 2.80 | 5.20 [30.80 26.87  5.20 | .80 | T. .00 | .50 90.07
Georgetowna.| T. | 1.99 17.71 | 2.07 | 4.79 |26.02 |21.17 | 5.52 | .81 | .00 0| .05} 79.58
Cache Creek: .
Lakeport
(near)¢..... .00 .3615.20)8181.40 | 8.78 | 7.74 1217 .00 _._.. 00 00| 28.92

e Authority of United States Weather Bureau.
b The period ; year incomplete.
£ Authority of United States Geological Sulvey
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Monthly precipitation at certain points in the watershed of Sacramento River,
California, for the season 1903—}—Continued.

Basin and station.|Sept.| Oct. |Nov.| Dec. | Jan. | Feb. |Mar. | Apr. | May.|June, July.‘Aug. Total.
Putah Creek:
Helena ___.._. .00 | 2.75 127.62 | 5.63 | 4.52 (34.22 (31.48 | 8.12| .00 | .20 | .10 | .00 | 114.64
Mount St.
Helenab. ... .00 | 2,00 |...... 6.75 | 8.87 [28.34 126.14 | 5.19 | .05 | T. | .22| .00 | 72.06
Sacramento Val-
ley:
Red Bluffa _..| .00 | .46 |7.99)3.73|1.44|6.638.33 2.90, .04 T. 11 00} 31.63
Sacramentoa.| 00| .12 |3.44:1.12| .45(5.26 (543 102, .03 T. T. 07| 16.94

|

a Authority‘ of Andrew Rocca.
? Authority of the United States Weather Bureau.

GAGE HEIGHT AND DISCHARGE.

The United States Geological Survey had five gaging stations in
this drainage basin during this flood—one on Sacramento River at
Red Bluff, one on Feather River at Oroville, one on Yuba River
at Smartsville, one on Stony Creek near Fruto, and one on Cache
Creek near Yolo. The mean daily discharge during the fifty days
of the flood (February 11 to March 31) is given in the table below.
About 72 per cent of the total mountain and foothills drainage area
of the basin is above these gaging stations. The daily discharge for the
remaining 28 per cent has been estimated, and the total daily discharge
for all the mountain and foothills area is given in the last column.

Daily mean gage height and discharge in Sacramento basin, February 11-March

31, 1904.
: Saﬁ,?nmeé’atgygiyﬂ;le:ﬁ Stony Creggft Julians, | Cache Crggllz at Yolo.
Red Bluff, Cal. g
Date. I
h(g?gglft. Discharge. h(g?gglft. Discharge. h%{"g et. Discharge.
Feet. Sec. feet. Feet. Sec, feet. Feet. Sec. feet.
February 11 .. .. 3.30 11,040 4.20 210 2.50 270
February 12 ____ 3.30 11,040 9.00 5,270 5.95 1,998
February 13 . ... 6.30 22, 360 6.25 1 . 1,630 9.25 4,400
February 14 _.__ 6.30 22,860 5.45 - 042 5.50 1,705
February 15 .._. 17.85 84,790 8.25 4,055 5.25 1,555
February 16 .. .| @28.00 | 184,600 12,25 15, 450 16.75 11,250
February 17 ... 15.20 69, 560 8.25 4,055 8.75 4,012
February 18 ... 11.20 45,280 .20 2,660 7.00 2,700
February 19 ... 9.55 36, 940 6.865 2,085 5.80 1, 900
February 20 ... 9.90 38, 620 5.85 1,265 5.10 1,465
February 21 ..__ 12.50 52, 600 7.85 3,480 4.90 1, 350
February 22 ___. 20.30 | 108,480 11.75 18,200 11.00 5, 900
February 23 ... 16. 60 79,820 8.85 5,015 14.75 9,275

@ Gage height 9 a. m.; highest known gage height, 31.0, same night.
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Daily mean gage height and discharge in Sacramento basin, February 11-March
31, 1994—Continued.

Saﬁgm%l:gygli?eiegg Stony Cre%];la.,t Julians, | Cache Crag]i:. at Yolo,
Red Bluff, Cal.
Date.
hgiaé © | Discharge. hg’-fé e%. Discharge. h(giaé S | Discharge.
Feet. Sec. feet. Feet. Sec. feet. Feet. Sec. feet.
February 24 ._..| 19.15 | 98,830,  13.50 | 22,200 16.50 11,000
February 25 .___| 19.15| 98,830 10.00 7,280 7.50 8,075
February 26 ._..| 16.80 | 80,760 10.00 7,280 18.00 7,700
February 27 __..|  17.80 | 88,180 9.05 5,860 | 16.50 11, 000
February 28 ____ 12.85 54,700 7.90 3,550 | 9.60 4,680
February 29 ....| 18.40 | 58,000 7.40 2,900 8. 60 3,900
March 1 ... .. 13.10 | 56,200 7.20 2,660 7.85 3,338
March 2 ... 15.55 | 71,950 7.20 2, 660 7.80 2,925
March 8 ... ... 14.40 | 64,260 7.10 2,540 7.05 2,738
March 4 _____._. 15.80 | 78,700 7.05 2,480 6.85 2,595
March 5 _____.__| 14.70 | 66,220 6.7 2,145 6.65 2,455
March 6 _____.__ 18.10 56,200 | 6.85 | ° 2,255 6.45 2,828
March 7 ..___... 16.30 | 77,200 7.55 3,085 6.35 2,262
March 8 _____.. 24.40 | 147,180 7.65 8,215 6.30 2,225
March 9 ... 18.95 | 97,200 7.95 2,720 6.20 2,160
March 10 _._____ 17.90 | 88,940 13.25 | 20,700 14.75 9,275
March11 .. .__..| 15.80 | 78,700 9.25 5,720 20.75 15,250
March'12 ._.__._| 1470 | 66,22 7.85 3,480 12.00 6,800
March18 _____. 13.80 | 57,400 7.85 2,840 10.75 5,675
March 14 _______ 15.80 | 78,700 8.65 4,680 10.60 5.540
March 15 ______. 17.25 | 84,050 8.00 8,690 10. 50 5,450
March 16 . . _____ 18.30 | 92,040 7.60 8,150 10.40 5,360
March 17 _......| (18.85)| 96,400 10.50 8,560 | 11.65 6,485
March 18 ______.| 19.40 | 100.880 9.75 6.700 16.50 11,000
March 19 _ ... __. 18.80 | 92,040 8.85 5,015 11.75 6,575
March 20 .____.. 19.40 | 100;880 8.90 5,100 10.55 5,495
March 21 .. ___ 16.20 | 76,500 8.00 3,690 10.25 5,225
March 22 .______ 13.50 | 58.600 7.45 2,960 10.10 5,090
March 23 . _____ 12.40 | 52,020 7.20 2,660 11.00 5,900
March 24 .._____ 11.50 | 46,900 6.95 2,865 9.80 4,840
 March 25 . ___ 10,40 | 41,100 6.80 2,200 9.80 4,840
March 26 .. _____ 8.80 | 33,380 6.65 2,035 9.65 4,720
March 27 ____..| 11.50 | 46,900 8.35 4,205 9.50 4,600
March 28 ... ... 14.70 | 66,220 10.50 8,560 16.75 11,250
March 29 _.__..| 18.20| 91,260 | 9.35 5,905 14.50 9,050
March 80 _______ 14.80 | 66,880 8.55 4,520 11.70 6,530
March 81 ... ___ 13.00 | 55,610 7.80 2,780 10.40 5,860

IRR 147—05 M—2
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Daily mean gage height and discharge in Sacramento basin, February 11-March
31, 190,—Continued.

N . ountain and foothill
B et 070 | Yube BiTer ot pmarts ngr%ﬁgﬁﬁ?g:a?oz%,m
Date.
nelgy. | Discharge.| (328% | Discharge. | SEUNED |RRDOT BT
Feet. Sec. feet. Feet. Sec. feet. Sec. feet. Sec, feet.

February 11 ____ 3.25 3,150 5.70 1,880 22,408 1.01
February 12 .___ 9.00 12, 900 10.50 12,340 95,554 4.29
February 13 ___. 7.15 8,550 8.50 6,740 68,231 3.06
February 14 ___. 5.95 6,680 7.50 4,550 51,587 2.32
February 15 .___ 11.65 23,250 9.50 9,350 | 180,369 8.09
February 16 ____ 20. 35 94, 000 20.00 58, 000 570,014 25.58
February 17 ___. 16.75 59,975 (17.00) 41,000 298, 266 13.38
February 18 __ .. 11.85 24,250 (12.00)] 17,880 | 147,436 6.61
February 19 ____ 10.45 17,900 (10.50) 12,840 110,214 4.94
February 20 ... _ 9.55 14, 575 (9.50) 9, 350 94, 682 4.25
February 21 ___. 9.65 14,925 (9.50) 9,850 | 118,077 5.30
February 22 __.. 17.80 69,300 20.30 59, 800 442 141 19.84
February 23 ___. 16. 40 57,000 14.30 27,660 | 279,554 12.54
February 24 ____ 21.50 105, 500 20. 30 59, 800 542,216 24.33
February 25 .. __ 18.70 77,750 13.50 24,080 @ 328,167 14.72
February 26 ____ 17.15 63, 450 12.40 19,480 | 277,421 12.45
February 27 .. __ 16. 05 54, 025 11.20 14,800 | 251,436 . 11.28
February 28 ____ 13.90 37,400 10. 60 12,680 169, 296 7.60
February 29 ___. 12.55 28,400 10.30 11,700 152, 750 6.85
March 1 ... ___. 11.65 23,250 10.00 10,780 138, 296 6.20
March? _____ __ 11.95 24,800 9.60 9,630 152, 558 6.84
March3 .. __ ___. 12.15 26, 000 10. 00 10,780 149,724 6.72
March 4+ ______. 13.05 31,450 10.90 13,720 | 174,889 7.85
March5 ... .._. 12.55 28,400 10.90 13,720 | 162,746 7.80
March 6 _______. 12.00 25,100 10.20 11,380 139,488 6. 26
March v _._____. 12.05 25,400 10. 60 12,680 168, 548 7.56
March 8 . _____. 15.35 48, 400 12. 50 19,880 | 295,970 13.28
March 9 ..______ 14.70 43, 350 11.10 14,440 | 217,998 9.78
March 10 __.____ 15.65 50,800 13.10 22,380 | 345,474 15. 50
March 11 ______ 14. 30 40, 350 11.10 14,440 | 218,318 9.80
March 12 _____ __ 12.35 27,200 |- 10.50 12,340 | 165,973 7.45
March 13 _______ 11.95 24, 800 9.80 10,200 143, 209 6.42
March 14 _______ 11.85 24,250 10.70 13,020 174,824 7.84
March 15 . _.___. 12.20 26, 300 10.60 12,680 182, 462 8.19
March 16 . __.._. 11.%5 23,750 10.50 12,840 | 183,153 8.22
March 17 ______. 15.80 52, 000 14.80 30,040 | 808,023 13.82
March 18 . ______ 20.45 95, 000 15.50 33,500 | 380,434 17.07

NoTe.—Gage heightg in parentheges are estimated,
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Dailty mean gage height and discharge in Sacramenio basin, February 11-March
’ 31, 190/—Continued.

: s Mountain and foothill
Fea.the% IIIig,ver f\.t. Oro- | Yuba 131;17&1" a(i.)g {S.,ma.rts- g;:gﬁ;g:: i?;:a, 28 487
Date.
noight, | Discharge.| I8€¢ | Discharge. | SRS |AHROT I
Feet. Sec. feet. Feet. Sec. feet. Sec. feet. Sec. feet.

March 19 _______ 19.75 | 88,000 15.10 | 31,500 | 349,319 15.68
March 20 . _.____ 19.15 | 82,000 13.80 | 28,220 | 323,675 14.52
March 21 .. _____ 16.70 | 59,550 10.80 | 13,360 | 228,171 10.24
March 22 _______ 14,70 | 43,350 10.80 | 11,700 | 177,349 7.96
March 23 ____._. 18.55 | 847950 9.10 8,260 | 148,569 6.67
March 24 . ______ 12.80 | 29,900 9.30 8,800 | 134,910 6.05
March 25 _______ 12.00 | 25,100 9.10 8,260 | 119,151 5.85
March 26 _._____ 11.65 | 28,250 8.70 | 7,230 | 104,825 4.70
March 27 _______ 11.50 | 22,500 9.00 8,000 | 128,408 5.76
March 28 _._____ 13.75 | 86,350 14.80 | 30,040 | 260,514 11.69
March 29 _______ 16.70 | 59,550 13.80 | 23,220 | 287,075 12.88
March 30 ._____. 15.10 | 46,400 11.10 | 14,440 | 206,309 "9.26
March 81 __.____ 13.40 | 33,900 10.20 | 11,380 | 158,823 7.13

The total discharge from the mountain and foothill area was a
maximum on February 16, the estimated mean daily rate of discharge
being about 575,000 second-feet, or 25.58 second-feet per square mile.
This flood rose very rapidly and also subsided rapidly. Four days
after the maximum stage was reached the discharge was only 94,680
second-feet. The river at this time again rose very rapidly, and in
two days a rate of 442,140 second-feet was attained. The greatest
daily rate of discharge in March was on the 18th, when it was 380,436
second-feet.

By comparing the daily rate of discharge at the gaging stations it is
seen that when the rate of flow from the whole mountain and foothill
area is a maximum the rate at each of the stations is generally a
maximum, but that occasionally the rate at one of the stations is a
maximum while the rate from the total drainage basin is not a maxi-
mum. For example, the rate of discharge from the total mountain
and foothill area was a maximum on March 10, but the rate at Red
Bluff was a maximum on March 8.

Taking the rise that culminated on February 16 as a typical one,
we may say that 2.8 per cent of the total run-off from the mountain
and foothill area came from Stony Creek, 2 per cent from Cache
Creek, 16.5 per cent from Feather River, 10.2 per cent from Yuba
River, 32.2 per cent from Sacramento River above Red Bluff, and 36.3

’
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per cent from the mountain and foothill area of the Sacramento basin
not included in the areas gaged.

OBSTRUCTION OF CHANNEL.

The lower Sacramento has always been subject to overflow. The
greatest recorded flood was in 1862. The preeipitation at Sacra-
mento for December, 1861, and January, 1862, during this flood, was
23.62 inches, while the precipitation for these months for 19034, as
seen from the table, page 16, was only 1.57 inches. The maximum
height attained was not as great as that of the 1904 flood, but the
volume of water discharged was much greater. Some of the bot-
tom land has been reclaimed by the construction of levees, so that
the flood width of the river has been considerably reduced. The
depths of the channels have been reduced also by the deposit of débris
from hydraulic mining on the tributaries.

The reclamation of bottom lands along the river by the construction
of levees was begun in 1852 ¢ and has gone on steadily since that time.
It is estimated that $20,000,000 has been spent by private parties,
reclamation districts, the State of California, and the Federal Gov-
ernment in the reclamation of these lands and in correcting the chan-
nels of Sacramento and San Joaquin rivers. The levees in many
districts have been repeatedly overtopped by floods. The problem of
reclamation has been rendered more difficult on account of the fact
that the beds of the streams in Sacramento Valley, particularly the
Yuba, Bear, Feather, American, and the Sacramento below the mouth
of the Feather, have been raised by the accumulation of débris brought
down during floods. Some lands that were formerly exempt from
overflow have been inundated recently by the accumulation of mining
débris.

’ DAMAGE DONE BY FLOOD.

This flood swept away levees, fences, buildings, crops, and caused
great damage to agricultural land. Approximately 800,000 acres
of land were flooded. It is said that 50,000 acres of wheat were
destroyed by breaks in the levees below. Colusa. Orchards which
had reached their most productive age were killed by the water stand-
mg upon them. The value of a portion of the submerged land was
decreased by having from 2 to 4 feet of sand deposited upon it. On
February 26 the levee on the left bank of Sacramento River broke at
a point 21 miles below the south line of the city of Sacramento.
This was known as the Edwards break. The water escaping at this
point backed up against the Y street levee of Sacramento and soon
cvertopped the cross levees to the south and reached Sacramento River

¢ Report of the commissioner of public works, 1895.
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by way of Mokelumne River. About 10,000 acres of fertile anc
highly cultivated land in the Sacramento flood basin were inundated
and remained so until the end of March. This area was planted to
crops, orchards, gardens, alfalfa, etc.

The city of Sacramento was surrounded by water on three cides.
On March 10 a severe windstorm from the southeast drove the waves
against the Y street levee, and a threatened break was prevented only
by continuous work. :

The Edwards break is supposed to have been caused by the work of
squirrels and gophers and the fact that the base of the levee is located
upon a bed of quicksand. To this break may be traced the flooding
of Staten, Tyler, and Bouldin islands on lower San Joaquin River.
Before the repairs were completed the width of the gap in the levee
was 1,400 feet and the total cost of closing it has amounted to $120,000.

It has been impossible to make a satisfactory estimate of the total
damage caused by the flood of 190+. The most that can be said is
that the loss amounted to several millions of dollars. Fortunately,
there was no loss of life. -

PREVENTION OF FUTURE DAMAGE. : '

After the flood of February and March, 1904, an engineering com-
mission was appointed by the governor of Califernia to report upon
rectification of Sacramento and San Joaquin rivers and their prin-
cipal tributaries and the reclamation of overflow lands adjacent
thereto. This commission made its report to the commissioner of
public works of California, December 13, 1904. It declares that—

In Sacramento Valley and contiguous parts of San Joaquin Valley there are
some 1,250 square miles of very fertile land that is subject to overtiow from a
very considerable flood in Sacramento River, and about 1,700 square miles from
ordinary foods. The problem presented for solution is to devise means for
preventing the inundation of these lands by having the flood water that must
pass through this territory pass harmlessly into Suisun Bay. and to correct the
existing faults of the river channel with a view to avoiding the floods and pro-
moting the interests of navigation.

The plans recommended for the solution of the problem are—

1. To conflne the flood waters to the channels of the various streams by means
of levees, so as to prevent destructive inundation of the fertile lands.

2, To correct the alignment of the river by cut-offs where necessary, and to
increase its channel capacity by mechanical means where current action fails
to accomplish that purpose.

3. To collect the hill drainage, which now loses itself in the basins, in inter-
cepting canals and carry it into the river at selected points.

4. To provide escape ways over levees for surplus flood waters during the
period of channel development, and to provide for the disposal of this water in
connection with the hill drainage.

5. To provide for the relief of the basins from accumulation of rain and
seepage water by means of pumps wherever gravity drainage is not practicable.
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It is proposed to construct lines of levees on both sides of Sacra-
mento River, from Stony Creek on the west and Chico Creek on the
east down to its mouth, including both sides of Old River and
Steamboat Slough, except where existing levees are adopted into the
system. The minimum distance between the levees is specified in
each case, and wherever the distance between the present levees is
less than this specified amount the width is to be increased, by the
removal of the old levee on one or both sides of the river.

The estimated cost of carrying out the plan proposed is $23,776,000.
The direct benefits to the entire valley to be realized as a result of
this plan of improvement are the reclamation of a million acres of
extremely fertile land and the placing of all in a position of assured
safety from overflow, together with direct and indirect advantages
to many associated interests, which, expressed in money valuation,
reach at least $100,000,000 and assuredly justify the cost of the work.

SUSQUEHANNA RIVER FLOOD, PENNSYLVANIA.
By E. C. MURPHY.

From March 3 to 15, 1904, there was a very destructive flood on
Susquehanna River, due to excessive precipitation, the rapid melting
of ice and snow, and the formation of ice gorges along the river.

FORMER FLOODS.

Destructive floods are not infrequent on this stream, four notable
ones having occurred in the past forty years. One of these occurred
in March, 1865, and was due to excessive precipitation, accompanied
by a rapid melting of ice and snow and the formation of ice gorges.
Another occurred in June, 1889, and was due to an excessive and pro-
longed precipitation, which, in point of volume of water, was the
greatest on record. A third occurred in May, 1894, was due to ex-
cessive precipitation, and reached a stage from 2 to 3 feet lower than
the stage of the 1889 flood at McCalls Ferry. The primary cause of
the fourth flood (March, 1904), to be described in this paper, was the
breaking up of the ice at places along the stream in January, with
the water at so low a stage that this ice instead of moving out of the
river collected in places where islands and other obstructions had
caused the formation of gorges. These gorges were solidified and in-
creased In thickness by the low temperature of February, forming
dams that backed the water, causing overflow of large areas. The
warm rains of March 6 and 7 largely increased the volume of flow,
causing’ these gorges to break and form other temporary gorges far-
ther downstream. When these temporary gorges gave way great
destruction was caused, bridges, buildings, and even islands being
completely destroyed by the action of the ice and water.






MURPHY AND
OTHERS.

23

| SUSQUEHANNA RIVER FLOOD, PENNSYLVANIA.
STREAMS AND DRAINAGE BASIN.

The Susquehanna drainage basin is- one of the largest on the
Atlantic slope and comprises an area of about 27,400 square miles,
located mainly in eastern Pennsylvania. About 56 per cent of this
basin is in the Allegheny Plateau, 31 per cent in the Allegheny Moun-
tains, 6 per cent in the Allegheny Valley, and 7 per cent in the Pied-
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F16. 1.-—Drainage basin of Susquehanna River.

mont Plateau. The Allegheny Plateau is characterized by high hills
and deep valleys, the hills rising from about 500 to 800 feet-above
the valleys. The western part is more broken and has steeper slopes
than the eastern part. The valleys contain much glacial drift and
many of the hills are covered with timber. The mountain portion
consists of a series of nearly parallel ranges, with steep slopes, through
which the Susquehanna has cut its waterway, forming great water
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gaps. Below the mountain region the valleys are wider and the
slopes less steep. The slope of the stream is comparatively small in
this part of the drainage basin. The Piedmont Plateau region is
composed mainly of farming land with low, well-rounded hills and
very little forest area. The Susquehanna, like its tributaries in this
part of the basin, has a very steep slope for its size, having a number
of shoals with considerable fall.”

The principal tributaries are Chenango River, which enters from
the west at Binghamton, N. Y.; West Branch, entering Sunbury,
Pa., and Juniata River, which enters from the west about 15 miles
above Harrisburg. (See fig. 1.)

The slope of the river can be seen from the following table:

Profile of Susquehunna River.a

Miles. |  Feet. Feet.

Mouth .. 0 0. ...
Stateline ... . __ ... 12 69 5.8
Mouth of Fishing Creek . ____.___ . . _____. 20 100 3.9
Foot of Columbiadam__ . _______.__________. N 43 224 5.4
Foot of ConewagoFalls ... ____________________ 57 254 1.6
Above Conewago Falls __ . ____________________. 59 R73 9.5
Harrisburg. .. __ ... ... 69 208 2.5
Rockville ... .. __ ... ... 5 305 1.16
Clark Ferry dam, foot ... ... ___.______ . ______ 84 336 3.4
Liverpool _____ ... 99 378 2.3
Selinsgrove .. ___._ il 116 421 2.5
Sunbury dam: .

Foot . . 122 422 .2

Crest __ . . . 122 429 | .
Nanticoke dam:

Foobt ... ... 174 509 1.5

Crest ... 174 515 | ___.
‘Wilkesbarre - ___ . __ ... ... ... 183 521 .66
Mouth of Lackawanna River __ .. _____________. 190 536 2.14
Mouth of Tunkhannock Creek ... ... ___.___. 211 581 2.14
Mouth of Meehoopany Creek .. ... ... . ___ 223 604 1.9
Mouth of Wyalusing Creek ... ___.______._____. 244 646 2.0
Mouth of WysoxCreek ___ _____________ _____.__ 258 687 2.9
Towanda ... __________________. . 262 700 3.2
Athens .. ... 278 744 2.7
Otsego Lake. . __________________________.___._ 422 1,198 3.1

@ Gannett., Henry, Profiles of rivers: Water-Sup. and lrr. Paper No. 44, U. 8. Geol. Sur-
vey, 1901, p. 17. -
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PRECIPITATION.

The monthly precipitation and the variation from normal monthly
precipitation from October, 1903, to March, 1904, at three places in
this drainage basin are given below:

Monthly precipitation and monthly variation from normal in Susquehanna basin,

1903-}.
Place. Oct. Nov. Dec. Jan. Feb. Mar. | Total

Harrisburg , Pa.: Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches.

Precipitation . ... ______ 2,62 0.88| 1.92| 3.11 | 1.54| 2.72 12.79

Variation .____._______ - .4 —1.9 |-1.1 |— .56 [-1.4 [— .8 |— 6.1
Scranton, Pa.:

Precipitation ______.__. 6.42 | 1.86 | 2.59 | 3.23 92| 2,10 | 17.12
Binghamton, N. Y.:

Precipitation ._________ 5,741 2.26| 2.12 | 2.11| 1.16 | 2.1t 15.5

Variation _____________ +2.8 |—.1 |—.% |[— .8 |—-1.7 |-1.0 |— 1.5

From this table it may be seen that there was a deficiency of
precipitation at these places of from 1} to 6 inches preceding this
flood. The deficiency at Binghamton would have been about 3
inches larger had it not been for the excessive precipitation at this
place during the month of October.

While these data are not sufficient to enable us to state exactly the
deficiency for the whole drainage basin, they are sufficient to indicate
that the precipitation over the drainage basin for the six months
prior to the flood was below the normal for such a period, and that
the flood was not due to the large volume of water flowing, but to
the ice gorges in the river.

ICE GORGES.

The following facts in regard to time of breaking up of ice gorges
on this river are taken from the United States Weather Review.

The ice on Juniata River broke the latter part of February and
formed a gorge at Duncannon. It broke on West Branch at Lock-
haven at 2 p. m. March 3, moving out on a 12-foot stage. When the
flood reached Duncannon, on March 4, it broke the gorge there and
the ice in the river below, destroying Clarks Ferry bridge. The ice
began to move at Fort Hunter, 7 miles above Harrisburg, at 10 a. m.
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and at Harrisburg at 10.55 a. m. on March 4. The surface fluctua-
tions of the river at Harrisburg on March 4 were as follows:

Gage height at Harrisburg, March 4, 1904.
Height :n feet.

8 a m 13.5
12 m 16.0
Up m o 20.0
315 p. m___ 23.3
11 p. W 21.3

A gorge formed near Middletown, 9 miles below Harrisburg, and
another a short distance below Highspire, the water being 1.5 feet
higher at the former place and 0.8 foot higher at the latter place than
during the great flood of June 2, 1889. All the lowlands along this
part of the river were flooded.

There was no material change in conditions on the main stream
from March 4 to 8. The height of the water in the pools above the
ice gorges fluctuated as the gorges opened and were closed again by
floating ice.

Juniata, West Branch, and the headwaters of the main stream fell
from March 4 until the morning of March 7, when mild weather and
rain caused all the branches to rise rapidly. On the evening of
March 7 the ice passed out of Roaring, Catawissa, and Nescopeck
creeks. Early March 8 the ice began to move at Wilkesbarre, but in
two hours formed a gorge and caused the stage to be 29 feet at noon.
It broke at Pittston, above Wilkesbarre, about midnight of March
8, and, moving downstream, lodged on the gorge at Nanticoke, caus-
ing the water to reach 30.6 feet at Wilkesbarre, flooding more houses
and causing several coal companies to suspend operations. The ice
moved about 400 feet at Catawissa at 11.80 on March 9, carrying
away two spans of the Catawissa bridge. Several movements of ice
occurred in North Branch on March 9, indicating a general break-
ing up of the ice.

At Middletown at 10 a. m. on March 7 the stage of the river was
34.5 feet—that is, 5 feet higher than during the great flood of June
2.1889. The gorge at Bainbridge, 14 miles below Harrisburg, moved
on March 8, dislodging the gorge at Turkeyhill and forming a gorge
below Safe Harbor, submerging the lower part of the town and
destroying many houses and two bridges.

The ice started at Danville about 3.30 p. m. on March 9, carrying
away the bridge at this place. About 5 p. m. it began to move at
Wolverton, a few miles above Sunbury, and the portion of the great
gorge between Sunbury and Boyds passed out, carrying away three
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spans of the wooden highway bridge at Sunbury. A section of the
gorge between Boyds and Rupert moved out at 2 p. m. on March 10,
causing the river at Catawissa to fall 14 feet and improving the situ-
ation at Bloomsburg, where the water fell at the rate of 6 inches per
hour during the afternoon. A section of the gorge at Rupert moved
out about noon March 11 without destroying the Bloomsburg Bridge,
as it settled back on its piers. The stage at Bloomsburg was 24 feet
when the ice began to move, and fell to 12 feet shortly after the move-
ment occurred. The ice was reported to be 6 feet in thickness when
it broke up.

No further movement of ice was reported until March 21, when
the gorge above Wilkesbarre began to disintegrate and pass down-
stream. A portion of the gorges in Susquehanna and Chenango Riv-
ers near Binghamton moved out during the afternoon of March 24.
The ice at Bloomsburg, which is near the center of the great gorge,
began to move at 7 p. m. on March 24, and the gorge at Creasy broke
at 3.30 p. m. on March 25 without doing much damage.

GAGE HEIGHT AND DISCHARGE.

The daily gage height and corresponding discharge at six of the
oaging stations in this drainage basin during this flood are given
below :

Daily gage height and discharge at gaging stations in Susquehanna drainage
basin during flood of March, 1904.

Susquebanna River at | Susquehanna River at | Susquehanna River at
McCalls Ferry, Pa. arrisburg, Pa. ilkesbarre, Pa.
Date.
hgiag%%. Discharge. h(:iag > | Discharge. h(e}iag ¢ |Discharge.
Feet. Sec. feet. Feet, See. feet. Feet, Sec. feet.
March 3 ... ___ 1922.0 | 59,000 11.91 (a) 12.3 (%)
March4 . . ___. 122.9 70,200 13.50 (O] 11.6 (2)
March 5 ... ... 128.0 141,100 22.00 (a) 11.0 (@)
March 6 ... 128.0 | 141,100 19.41 () 10.9 (%)
March 7 _______. 126.0 118, 500 16.33 () 11.6 (@)
March 8 ... ___. 146.6 | 300,000 21.16 () 21.7 (@)
March 9 ____..__ 130.2 176, 500 15.91 (@) 25.3 (@)
March 10 . ______ 130. 4 180, 700 15.00 (@) 24.6 (%)
March 11 ______. 180.9 192, 000 12. 00 (@) 23.8 (2)
March 12 _______ 126.6 | 121,300 9.16 (9) 2.0 (9
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Daily gage height and discharge at gaging stations in Susquehannd drainage
basin, ete.—Continued.

Susquehanna River at | West Branch at Wil- | J u.u?«ita River at New-
Binghamton, N. Y. liamsport, Pa. zr port, Pa.
Date. =
hgiag °1_h Discharge. hGeiag et. Discharge. hgiaé%:ﬁt. Discharge.
Feet. Sec. feet. |  Feet. Sec. feet. Feet. Sec. feet.
March3 _______. 3.92 (@) 7.5 26, 300 7.2 16, 370
March4 . .. __ 6.65 (9) 19.0 | 135,100 13.5 v3,850
March5 ... ___. 8.48 (@) 16.5 | 104,300 8.9 27,700
March 6 .. __ - n.68 (@) 9.2 1 387,200 6.0 9,930
March 7 _._.__.. 7.52 (@) 7.4 25,700 5.5 8,010
March8 _______. 11.40 (@) 17.4 115, 000 14.0 80,100
March 9 ... ____ 13.62 (@) 13.5 72,600 10.0 36, 800
March 10 . _____. 12.25 (@) 9.8 41,400 7.2 16,370
March 11 __ . ___ 9.80 (@) 7.6 26,900 6.0 9,930
March 12 _ .. ___. 8.02 18,020 6.5 20, 850 6.0 | 9,930

@« Not computed on account of ice gorge.

The maximum daily gage height attained at the gaging station at
Binghamton, N. Y., during this flood is seen from the table above
to be 13.6 feet on March 9. This is 4 feet less than the recorded flood
of this river at this place, so that the stage was only that of an ordi-
nary flood at this place. Little damage was caused in this part of
the drainage basin.

The maximum daily stage attained at the gaging station on the
Juniata at Newport is seen from the table above to be 14 feet on .
March 8. This stream frequently attains a stage of 15 feet or more
at this place during floods, so that this flood was of only ordinary
magnitude at this place.

At the Williamsport gaging station on West Branch the maxi-
mum daily stage was 19 feet on March 4 and 17.4 on March 8. This
station has been in operation only about three years, but during this
period a maximum stage of 21 feet has been recorded.

The maximum daily stage reached during this flood at the gaging
station at Wilkesbarre was 25.3 feet on March 9. This is 3.5 feet less
than that attained by the great flood of 1869 ; the stage on March 9 dur-
ing the ice gorge was 80.5 feet, however. It is seen from the table that
the stage at this place was 23 feet or more for three consecutive days.

At Harrisburg a daily stage of 22 feet was reached on March 5
and 21.2 feet on March 8. Twice in the past thirteen years these
stages have been exceeded. On March 29, 1895, it was 25.6 feet, and
on March 2, 1902, it was 23.9 feet.

The maximum daily stage at the station at McCalls Ferry during
this flood was 146.6 feet on March 8.
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The following table gives the maximum height above low water
of 1900 of the flood at five places along the river:

Flood height in 1904. in feet, above low water of September, 1900.a

Msin i t R West Branch . -
Date Gl | Mg, river ut Nortlh Bysuch o Williams. |Ta2iats Rive
Ao, (fa.m).” |barre(8a.m.)| POTLILe asm)).
1904.

March 3. ______. 9.0 11.9 9.0 7.4 . 4.4
March4_ . _.._.. 9.9 13.5 11.2 18.9 10.7
March5._..__ ... 15.0 22.0 16.0 16.4 6.1
March 6 ._.__.._. 15.0 19.4 14.9 9.1 3.2
March 7. ... .__. 13.4 16.8 15.4 7.3 2.7
March8______._. 33.6 21.2 26.3 17.6 11.2
March9_...____. 17.2 15.9 28.5 13.4 7.2
March 10 ... .__. 17.4 15.0 4.0 9.7 4.4
March 11__.__._. 17.9 12.0 21.9 %.5 3.2
March 12 ._______ 18.6 9.2 19.9 6.4 8.2

Maximum

height
attained _ b33.6 €23.3 a28.5 €18.9 | ...

< Hoyt, J. C., and Anderson, R. H., Hydrography of Susquehanna River basin: Water-
Sup. and lrr. Paper No. 109, U. 8. Geol. Survey, 1905.

» March 8, 4 p. m.

¢ March 4, 3 p. m,

¢ March 9, 8 a. m.

¢ March 4, 7 a. m.

NoTe.—Maximum heights other than at McCalls Ferry were caused by backwater from
gorges.

The following table gives the maximum, minimum, and mean dis-
charge and corresponding gage height of Susquehanna River at
Harrisburg, each year from 1891 to 1904:

Minimum, mazimum, and meen discharge of Susquehanwna River at Harrisburg,
Pa., for 189f to 190}, inelusive.e

Minimum. Maximum.
Mean
Year. i dis-
Date. poage. e Date. ponge. | Discharge. charge.
Feet. | Sec.-ft. Feet. { Sec.-ft. | Sec.-ft.
1891 October4to7,in- | 1.60 10,200, February 19__.| 19.00 334,500, 52, 200
clusive. ‘
1892 October 31 to No- .50, 4,070 Aprii6._______ 14.65 224,200 37,250
vember 8, in- ’ : ‘ :
clusive.
1893 August 16 to 19, .35/ 3,500 May 6_._....__ 18.50 267,400, 40, 550
inclusive, and l
August 25.
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Minimum, marimum, and mean discharge of Susquehanna River, etc—Cont'd.

Minimum. Maximum.
Year. K I\t‘[ﬁg—n
Dato. gl | oo, Date. poage |Discharge, “harse:
Feet. | Sec.-ft. Feet. Sec.-ft. Sec.~ft.
1894| September5and 6 .25 8,160 May 22________ 25.60, 543,500/ 39,970
1895 October 30 and 81 .05 2,570 April 11_______ 13.65) 203,400 29,330
1896/ September5to13.| .25 3,160| April 1 and 2 __| 14.60| 223,200 34,600
1897| September 15 and .50 4,070 March 26_.___. 11.50, 165, 300{ 32,320
October 21.
1898 October 3to7_...| .65 4,740 March 24_____. 15.65 245,900 40,490
1899, October 24 and 25 .15 2,850 March 7_.__.__| 13.00, 193,000/ 31,000
1€00 Segpg;emter% and, —.04| 2,360 March 2. ______ 13.10] 194,900 29,950
1901} November 12___.| 1.00| 6,550) December 16 __| 21.40| 405,100 42,380
1902| September 23,24, .85 5,760 March2_ ______ 23.90 484,100] 47,100
and 25.
1903| October 7 _______ 1.40, 8,850 March2______. 16.85] 276,500 54,510
1904| December 11 ___ | .84 5,708 May 22.. .. __ .| .. __|...___... 32,318
For the 14 j@-——. 04/ @2,360._______.__._.__. b 25.60( b 543,500, 39, 360
years.
a September 28 and 29, 1900. b May 22, 1894.

The flood at McCalls Ferry reached a maximum at about 3.30 p. m.
on March 8, for a stage of 161.3 feet above sea level near the cable on
the Lancaster side, and 159.8 feet on the York side. In about half
an hour the stage had fallen from 2 to 3 feet, and on the morning of
March 9 it had fallen to 15 feet below maximum stage.

A discharge measurement was made at the cable during maximum
stage by Mr. R. H. Anderson. The time of the passage of cakes of
ice between two cables across the river 80 feet apart was observed at
various places across the stream, and the surface velocity computed.
From the surface velocity and cross section the discharge was com-
puted and found to be about 631,000 cubic feet per second.

There are several high-water marks of the flood of 1889 along the
railway and canal near McCalls Ferry, made by eyewitnesses of that
flood. These marks were connected by level, and the slope of the
surface obtained. Ten sections were selected, and their area and
wetted perimeter measured. From these data and a value of =,
the coeflicient of roughness (0.05), the maximum discharge at these
10 stations was found by Kutter’s formula to vary from 713,000
to 780,000 cubic feet per second, the mean of the 10 discharges being
730,000 cubic feet per second. The value of n, the coeflicient of
roughness, was computed from current-meter measurements of dis-
charge at this place at a lower stage.
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DAMAGE DONE BY FLOOD.

It is almost impossible to estimate the damage caused by this flood
on Susquehanna River. The estimates made by the newspapers vary
all the way from $2,000,000 to $8,000,000. The greatest loss proba-
bly occurred from Wilkesbarre to Sunbury, Pa. The big gorges at
Keppsrun, Catawissa, and Nanticoke caused the submergence of
large areas of lowland along the river. XKingston, Nanticoke, Dor-
ranceton, Plymouth, Pittston, and other places along the river were
partly under water. Many people were compelled to leave their
bhomes, into which the water poured, filling cellars and in some cases.
- the first story of the houses. Blocks of ice floated down, carrying
away fences and porches and crashing into houses and causing much
damage. The basements in many of the business houses were flooded,
and goods damaged or destroyed. The railway tracks along the
river were under water in many places, and the depots flooded.
Great masses of ice, that required thousands of workmen to remove,
were piled on the tracks. Several bridges across the river were de-
stroyed or badly damaged. The Catawissa Bridge had three spans
carried away. The Pennsylvania Railroad temporary bridge at Sun-
bury was destroyed. The Bandville highway bridge was destroyed,
and the electric light and coke plant at that place was forced to sus-
pend work. The highway bridge at Sunbury and that at Northum-
berland were partly destroyed. The highway bridge over Catawissa
Creek and several other similar structures were destroyed or badly

damaged. . .
The following is a rough estimate of the damage due to the flood
as given in newspaper reports: .

Damage from flood of 1904.

Pottstown to Sunburye______ e $6, 500, 000
Dauphin County b __ __ __ __ 275, 000
Lancaster County______________________________ S, 275, 000
York Countyce e 200, 000
Cumberland County___ 200, 000
Perry County-_ 200, 000
Snyder County_ A 125, 000
Juniata County .. ________ e 100, 000
Maryland County__ . 100, 000

Total _ 7, 975, 000

The loss and damage to State.bridges was reported as $800,000.

e Of which $1,000,000 to $2,000,000 were in Wyoming Valley.
b Loss at Middletown about $100,000,
¢ Most of the damage occurred at Yorkhaven and vicinity,
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PREVENTION OF FUTURE DAMAGE.

This flood was not due to the large volume of water flowing in the
river, but to ice gorges in it. The precipitation for the six months
prior to the flood was below the normal, and the melting of snow
was not excessively rapid. The ice in the river broke up in January
at a low-river stage, and before the river had time to clear itself the
temperature fell and the ice collected, forming gorges at narrow
places in the stream, river bends, and islands. Snow, water, and
continued low temperature added to the thickness of these ice gorges.
When the warm rain of early March melted the snow and increased
the volume of flow of the river, these gorges held the water back
somewhat like a dam and caused the overflow of lowlands. When
the gorges finally gave way they swept away everything in their
path—{fences, trees, buildings, and even small islands.

There does not appear to be any practicable remedy for floods due
to ice gorges on streams. It is almost impossible to keep an open
channel during the winter. Explosives have been used to break up
an ice gorge, but the stream is frequently blocked for many miles,
and if the gorge is broken at one place the ice soon forms at another
gorge farther down the stream, especially if the temperature is below
freezing. The only remedy is to remove, as far as possible, the
causes that stop the movement of the ice.

MOHAWK RIVER FLOOD, NEW YORK.¢

From March 25 to 31, 1904, there occurred a flood on Mohawk
River, in New York State, which, while not the largest and most
destructtve in the recorded history of this stream, was yet sufficiently
so to call for the following brief description.

STREAMS AND DRAINAGE BASIN.

Mohawk River is the chief tributary of Hudson River and drains
an area of 3,490 square miles. It rises about 40 miles from the east
end of Lake Ontario, in New York State, flows in a general south-
erly direction a distance of about 140 miles, and empties into the
Hudson at Waterford.

Its principal tributaries are East and West Canadian creeks, which
enter from the north, and Oriskany and Schoharie creeks, which enter
from the south. Reels Creek is a small stream that enters the
Mohawk from the north near Utica. Starch Factory Creek is a
comparatively small stream that enters from the south near Utica.
Sauquoit Creek is a tributary of Starch Factory Creek.

The river valley has generally a width of from 1 to 2 miles, made

¢ Prepared mainly from data furnished by Robert E. Horton, district hydrographer.
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up of rich alluvial meadow land. At Little Falls it cuts through a
gorge whose walls are from 500 to 600 feet high. The country grad-
ually rises from the river valley to the hills, attaining an elevation
of several hundred feet above the river. On the north the hills are
succeeded by an elevated plateau, having mountain peaks of from
2,500 to 3,000 feet in elevation above sea level. About 20 per cent
of the drainage area has an elevation from 100 to 500 feet, 37
per cent from 500 to 1,000 feet, 27 per cent from 1,500 to 2,000 feet,
13 per cent frem 2,000 to 2,500 feet, and about 3 per cent above 2,500
feet. The part of the drainage basin north of Mohawk River is thickly
forested ; that on the south is mainly deforested. The tributaries
are all quick filling, having a comparatively steep slope and rapid
velocity, with little storage, but enter the main river at points a con-
siderable distance apart. The Erie Canal parallels the river from the
mouth to a few miles above Rome, and is supplied from the river and
some of its tributaries. .

The following table ¢ shows the slope of the river from the mouth
to Rome: )
' Slope of Mohawlk River, New York.

Locality. Phom® | Height, | Tallpor
Miles. Feet. Feet.
Mouth - .. el 0 12 | .
Lower aqueduct (fall nearly all at Cohoes) ...__. 4 162 37.5
Schenectady ... .. . _______. 19 214 3.5
Mouth of Schoharie Creek .. _.. ________________ 42 270 2.4
Three miles east of Utiea - ... .. ______________ 9% 393 2.3
Four miles east of Rome______ .. __________.___ 112 418 1.5
Rome, above feeder dam _______________________. 115 431 4.3

Fig. 2 shows the principal streams of this drainage basin; also the
precipitation lines and gaging stations.

PRECIPITATION AND TEMPERATURE.

From the precipitation lines on fig. 2 it is seen that the mean
annual precipitation in this basin varies from about 40 to 55 inches.
The precipitation for the six months preceding this flood at four
places in the drainage basin is given in the following table, which

« Water-Sup. and Irr. Paper No. 44, U. S. Geol. Survey, 1901, p. 15.
IRR 147—05 M—3
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also gives the monthly excess or deficiency at Albany and the accu-
mulated deficiency there for the period in question:

Precipitation in Mohawk River watershed, Oct., 1903, to Mar., 190}.

Place. Oct. Nov. Dec. Jan. Feb. Mar. | Total.
Albany: Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches.
Variation from normal | 2. 50 +1.80 |+1.10 [-0.04 |—1.6 [—0.70 |— 2.6
Precipitation . ____ ___. 6.09 | 1.65 1.59 2.51 1.17 1.94 14.95
Amsterdam __ ... ___.____ 6.89 1.85 | 2.10 | 38.74 1.91 2.82 19.31
Little Falls . ______________ 7.58 2.10 | 2.23 | 2.33 2.28 3.17 19.69
Rome _____._____________. 7.95 3.11 2.98 | 5.27 2.50 3.68 25.54
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F16. 2.—Drainage basin and profile of Mohawk River.

It is seen from the table that there is an accumulated deficiency
at Albany for the six months of 2.6 inches. The snow accumulation
of the winter attained a maximum measured-water equivalent of
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OTHERS.

742 inches at Utica on March 7. This gradually decreased to 5.92
inches of water in the form of snow on March 21.-

The temperature and precipitation immediately preceding the flood
are shown in the following table:

Precipitation and temperature on Mohawk River watershed, March 22 to 27, 1904.

Little Falls. | Rome.
Date.
Rainfall. ggﬁﬁg' Rainfall. %gg‘;hﬁg“'
Inches. °F. Inches. °F.

March 22 .. ___ ... 0.00 34 0.30 37
March 23 ._____ .. ___. .71 38 .00 . 88
March24 . ... ' .00 34 .00 34
March @5 . ... .. .85 43’ .20 46
March 26 . ... BST: 42 .33 N
March 7 .. .. .. ... .00 2| 0 .00 32
Total ... . ... . .. .. 124 .. 88 | ..

DISCHARGE.

The rise in temperature on March 25 and 26, as noted above, caused
a flood of considerable magnitude owing to the rapid melting of
snow, although but little rain fell.

The total discharge and the discharge per square mile of Mohawk
River at Little Falls during floods of 1901, 1902, and 1904 are given
in the following table:

Flood discharge of Mohawk River at Little Falls, N. Y.

4

[Drainage area, 1,306 square miles.]

7a.m. 5p.m.
Date. Second-feet) Second-feet
Second-feet.| per square [Second-feet.| per square
mile. mile.

1901.
December 13 _______ . . __________._ 4,818 3.69 4,818 3.69
December 14 ___ . ____________.___ 6,643 5.09 18,284 14.01
December 15 .. _ _______ ... ____ 21, 628 16. 57 21, 628 16. 57
December 16 ... ____________ 28, 500 21.83 21,420 16.41
December 17 ____ . _ . ____._. 11,108 8.51 9,015 6.91
December 18 .. __ . _____________.____ 6,294 4.82 5,269 4.04
December 19 ... 4,349 3.38 3,912 3.00
December 20 - ooeoeeaeea .. 2,35 |  1.81| 1,930 1.48
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Flood discharge of Mohawk River ai Little Falls, N. Y.—Continued.

7a. m. 5p. m,
Date. Second-feet) Second-feet
Second-feet. pex;gﬁga.re Second-feet. pel;ﬁ%g'are
1902.
February 27 . . .. .. __.__. 1,451 1.11 1,782 1.33
February 28___. . .. .. _______ 2,383 1.83 4,478 3.43
March 1. ______ . __.._. 11,256 8.62 15, 356 11.7%6
March . ___ .. . __ . _____...._..__ 28,505 21.83 28, 505 21.83
March 8. __ ... 25,093 19.22 21,693 16.62
Marchd4_ __ ... . ... ... 19, 993 15.32 12,993 9.95
March5_.._ .. ___. 11,229 8.60 9,156 7.01
March6____________________.. __.___ 7,848 6.01 7,47 5.72
March 7. ___ . . ... 6,403 4.90 5,378 4.12
March 8. ... ... 4,889 3.74 4,889 '3.714
1904.
March19_______ ... _ .. . ________ 2,029 1.55 2,038 1.56
March20_ .. . ____ ... 2,071 1.58 2,359 1.81
March 1. ___________ ____________.___ 2,359 1.81 2,583 1.98
March 22_ ____________._______ ... 2,827 2.17 2,827 2.17
March 23 __ . ___. 4,149 3.18 5,721 4.38
March 24_ ... 6,672 5.11 7,519 5.80
March 5. . ___ ... 9,321 7.14 12, 497 9.57
March 26 .. 20, 220 15.48 | oo
22,920 a1%.55 | 024,720 018.96
____________________ 26, 620 20.38
____________________ ¢ 27,220 ¢20.84
March 27 . 22,120 16.94 22,120 16.94
March 28 . _____. 16, 590 12.70 16, 090 12.32
March?9_ ______ . ___ 11,197 8.58 10, 767 8.27
March 30_ ___________ ... 9, 286 7.12 8,685 6.65
March31_______._ ... _______ 8,658 6.63| 8,083 6.19
210 a. m. 22 p. m. c7 p. m,

The latest flood lasted from March 25 to 31, attaining a maximum
on March 26 of 20.84 cubic feet per second per square mile.
The discharge of three small streams near Utica during this flood

are given in the following table:
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Record of flood discharge, 1904.
SYLVAN GLEN CREEK NEAR NEW HARTFORD, N. Y.
[Drainage area, 1.18 square miles.]
Date. Time. Second.- %’;Or:g%g?
March 22....__. S8a.m_ oL 0.3857 0.302
P M. - 2.07 1.75
March?3._.....|8a.m______._. ___. . . ... 15.24 12.87
5P D o 14.90 12.62
March 24. ______ 8a.m.__ .. ... 5.10 4.32
Sp.m_ .. .. 13. 27 11.26
March 25_ .. ___. T80a.m ... 12.33 10.42
SPeI ... 66. 80 56. 58
March 26__.____ Ba.m_ e 43.06 36.51
580p.m ______________. . 12.01 10.16
March 27.____ . 8a.m.__ ... ... R.67 2.26
S5p.-m- ... 1.05 .889
March 28_ ... __. 8a.m.___._ ... ... 1.05 . 889
STARCH FACTORY CREEK NEAR NEW HARTFORD, N. Y.»
[Drainage area, 3.4 square miles.]
March 21 | e 2.88 0.847
March 22______. 8a.m_ e iieaon 3.38 0.994
Sp.m. o 10.35 3.043
March 23_______ 8a.m. . .. 61 17.934
6p.m. ... .- 63 18. 522
March 24._____. A T P 65 19.11
6p.m__ .. 128 37.63
March 25 ______ T"80a.m .. 128 37.63
6pm______ .. 372 109. 368
March 26_______ T80a.m .. ... 315 92.61
6p. M. .. 128 37.632
March 27...____ Ba.m. .. ________. 48 14.112
6p .M . 32 9.408
March28__.___ __ S8a.m. ... ... 19.5 5.733
6 D D e e 19.5 5.733
March29_______ S8a.m._ .. ... 14.5 4.263
6. elo... 21 6.17
March80._.... _{8a.m__ . ______ .. . ...._.__. 14.5 4.26
6p. M. 29.5 8.67
March31. . . _.{8a.m_____ .. ... 19.5 5.73
6D M . '82.3 9.50

« Not including Graefenberg diversion, which is estimated at 0.25 second-foot per square

mile,
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Record of flood discharge, 190}—Continued.

[No. 147.

STARCH FACTORY CREEK NEAR NEW HARTFORD, N. Y.—Continued.

Dae. Time. Second- | perquare.
Aprill. . 8a. M il 19.5 5.73
6p. M. 337 99. 08
April 2. __.___. T (T 40 | 11.%76
6p. Mmoo 48 14.11
REELS CREEK AT DEERFIELD, N. Y.
[Drainage area, 4.4 square miles.]
March 22 | e 8.72 1,97
March 23 _____ | . ... 24.31 5.49
March 24 |- 19.43 4.38
March 25______. 7Aoo S 49.8 11.25
BP. Mo _.__. 135.9 1 30.74
March 26. .. ___. Ta. M . 179.% 40,68
. Bp.m._. ... 214.3 48.36
March 27 _._. .| Ta.m-___ . ... 175.5 37.74
BP.M_ ... 188.5 42.6
March 28__.._.. Ta.m_ ... 49.9 11.28
March 29 | il 33.6 7.59
March 80 ___ | .. 30.&:) 6.89

The very large discharge of 109.62 second-feet per square mile of
Starch Factory Creek at 6 p. m. on March 25 is worthy of special

note.

The following table gives the discharge at maximum stage of the
Mohawk and its small tributaries during this flood :
Discharge of Mohawk River and tributaries March 25 and 26, 190}.

. Drain Maxi- e -
Stream. Time of maximum. ’;g%zf‘_’g ° %’Eﬁ:’g%f‘; %;’E(;;I%
miles. Peat, mile.

Mohawk River at Rome ¢ ___ ____ March 26, p.m ... .| 158 4,320 27.34
Oriskany Creek at Oriskany _.____ March 25,5 p.m .| 144 . | 4,170 29
Sauquoit Creek at New York Mills.| March 26,11 a.m__| 52 1,150 22.1
Starch Factory Creek near Utica .| March 25,6 p. m __ " 3.4 372 109. 37
Reels Creek at Deerfield__________ March 26, 5p. m . 4.49| 214.3] 48.36
Sylvan Glen Creek near Utica____| March 25, 5p. m . 1.18 66.8 56.58
Budlong Creek near Utica _...._. March 25, p.m _.__ 1.13 136.4 120.4
Mohawk River at Little Falls ____| March 26, p. m ____|1,306 [27,200 20.8

a At State dam.
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It is seen that the maximum discharge of the small streams oc-
curred March 25, and the maximum discharge of the main stream
did not occur until the evening of the 26th.

The following table gives the discharge of the Mohawk at Little
Falls during the floods of February, 1891, December, 1901, March,
1902, and March, 1904 :

Flood discharge of Mohawk River in 1891, 1901, 1902, and 1904.

Second-feet
Date. Second-feet.| per square

mile.
February, 1891 .. . __ . ... 26, 260 20.7
December 16,1901 _ . __ . ___ .. 26,280 20.7
March 2, 1902 _ _ e __ @ 28, 500 20.7
March 26, 1904 ___ . 27,200 20.8

¢ Revised computation.
The principal results of the 1901, 1902, and 1904 floods of Mohawk
River are summarized in the following table:

Summary of Mohawk River floods of 1901, 1902, and 1964.

. M - (M depth| Total disch:
Year. Period. Eluig‘f]?sn ond??;ag %cer r?)?—offe I1)11 c()lurin?c ﬂaélt;%.?
* lsquare mile.| inches. in cubic feet.
1901 | December 18 to'20 ______ 179 8.70 2.39 7,287,454,976
1902 | February 27 to March 8_ 224 9.18 3.19 9, 591, 264, 000
1904 | March 19to81__________ 336 7.92 4.12 10,183, 289,472

The results obtained on the small streams near Utica during this
flood are summarized in the following table:

Swmmary of small-streams discharge during flood of 190}.

: Aver-| Total yield durin
Duration of freshet. . |agedis fieuh ot g
Drain- charge
age in
Stream. area in . segond- Inches
eV From— To— Days. ;:} run- | Gallons.
square| ©ff.
mile.
Starch Factory
Creeko __________. 3.40 | March22____._. March 29..__... T 33.33 8.67 512,278,000
Reels Creek __..____ 4.42 | March 24, noon.| March 29,noon. 51 29.92 5.56 407,230,000
Sylvan Glen Creek.| 1.18 | March 22, noon.| March 27,noon. 5| 19.06 3.55 72,570,000
i

a Tncluding Graefenberg diversion. «

The maximum discharge of West Canada Creek during this flood
occurred on the afternoon of March 27, and was 7,068 cubic feet per
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second, or 21 cubic-feet per second per square mile, at the gaging
station at Twin Rocks Bridge, this being far below the recorded flood
maximum of this stream. The cause of this flood of March 26 on
the upper Mohawk was apparently the rapid melting of snow on the
watershed from Rome to Little Falls, together with ice blockades in
the river. A drop in temperature on the 27th checked the rapid
melting of snow, and the flood rapidly subsided.

DAMAGE DONE BY FLOOD.

The damage done consisted mainly in the flooding of all lowlands
along the river, of cellars, houses, and in some cases the basements of
business places; and in the delay or stoppage for a short time of
railway traffic on the New York Central Railroad and street rail-
roads of some of the cities along the river. In some places along the
river ice gorges formed and flooded large areas. One of these was at
Akin. Almost the whole of the village of Fort Hunter was flooded
by this ice gorge.

GRAND RIVER FLOOD, MICHIGAN.«

From March 20 to April 8 occurred the largest and most destruc-
tive flood in the recorded history of this stream, and in all probablhtv
the largest in this drainage basin for a century.

STREAMS AND DRAINAGE BASIN.

This is the largest river drainage basin in Michigan, comprising an
area of 5570 square miles, draining into Lake Michigan. It is
nearly oval in shape, has a length of 135 miles, and a maximum width
of 70 miles. It slopes rapidly for about half its length from an
elevation along its eastern rim of about 400 feet above Lake Michigan
toward the west and toward the river. Its lower half has a very
slight slope and contains some flat, highly permeable land with lakes
and ponds having no outlets. Fig. 3 shows the stream and its tribu-
taries, the gaging and Pprecipitation stations, and a profile of the
river from the mouth to Jackson, a distance of about 210 miles. From
the mouth to Ionia, a distance of 81 miles, the average slope is only
0.6 foot per mile. From Ionia to Jackson, 130 miles, the slope is
2.36 feet per mile.

The three principal tributaries above Ionia are Red Cedar, Look-
ing Glass, and Maple rivers, all entering from the east a considerable
distance apart. The three principal tributaries that enter below Tonia
are the Thornapple from the south and the Flat and Rouge from the
north. These three enter within a distance of less than 18 miles, in

e Prepared mainly from data furnished by Robert E. Horton, district hydrographer.



MURPHY AND
OTHERS.

]

GRAND RIVER FLOOD, MICHIGAN.

41

which the slope is only 0.6 foot per mile; they have a marked effect
upon the flood conditions.

The monthly precipitation at five places in this dx
the six months prior to this flood is shown in the
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Fic. 3.—Drainage basin and profile of Grand River, M‘ichigan.

as are also the monthly excess or deficiency and the

ficiency at Grand Rapids for the six months:

accumulated de-

.

Precipitation in Grand River basin, October, 1903, to March, 190}.

Place. Oct. Nov. Dec. Jan. Feb. Mar. Total.

Inches. | Inches. Inches. Inches. | Inches. Inches. Inches.
Grand Haven. _._____ 1.04 1.24 1.81 0.78 0.80 2.16 7.33
— .4 | —2. —. —1.5 | — .8 2.00 | —3.9

Grand Rapids ______ { . 6 6 +

2.381 .85 2.29 1.47 1.78 | 24.39 13.09
Hastings __.________ 1.55 1.57 1.98 2.23 1. 5.05 14.08
Lansing ... ______| 1.99 1.45 2.06 2.82 1. (€2 T PO
Jackson . .. ________ 1.43 1.43 2.07 2.80 2. 3.72 14.05

¢ The depth of snow at Grand Rapids March 20 was 1 inch.

bThe depth of snow at Lansing March 6 was 20 inches.
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It is seen that there was an excess of 2 inches in March, but a
deficiency of 3.9 inches for the six months October t6 March. The
daily temperature and precipitation during the flood are given in
the following table:

Daily precipitation and temperature at Grand Rapids and Lansing, Mich.,
March 22 to 28, 1904.

Grand Rapids. Lansing.
Date.
Precipita- | Tempera- | Precipita | Tempera-

tion. ture. tion. ture

Inch. °F. Inch °F,
March 22 .. __ ... _ _____.___._. 0.43 42 0.00 40
March 23 __________________ _________. .00 40 .00 38
March 24 _______. . .00 48 .84 46
March @5 ... ... .66 45 .32 38
March?6 __________ . .. ... T. 26 .04 21
March®7 ... . . .07 20 T. 20
March 8 .___ ... __________ . _ T. 28 .00 28

It is seen that this flood was caused by a moderate rainfall in con-
‘junction with melting snow, due to high temperature.

GAGE HEIGHT AND DISCHARGE.

The gage height and corresponding discharge at the gaging sta-
tions at Grand Rapids and Lansing during this flood are given in the
following table:

Mean daily gege height and discharge of Grand River, Michigan, March 20 to
April 9, 1904.

' Grand Rapids.e Lansing.
Date.
Gage. Discharge. Gage. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft.
March @0 ... ______._____. 9.20 | 16,700 |..____.__.|.l.___.__.
March 21 ______ .. ... 9.30 17,000 6. 60 2,840
March®2 ______ . .. __. 10.65 19, 500 7.80 3,930
March 28 _ ... 11.45 21,400 11.39 9,780
March 24 . ___. e 15.60 30, 300 13.78 14, 560
March 25 ... { dg: 8},) } 35,800 |  16.65 | . 20,300

N ¢ From Lyman E. Cooley, C. E.
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Mean daily gage height and discharge of Grand River, Michigan, March 20 to
, <prit 9, 190}—Continued.

Grand Rapids. Lansing.
Date.
Gage. Discharge. Gage. Discharge.
Feet. Sec.-ft. Reet. Sec.-ft.

March 26 ____ ____ .. ... (19.05) 87,800 18.02 23,040
March 27 19. 50 }

{ o3 #0400 1605 19,100
March 28 ___________.___.__._.._. P 19.20 }

{ a0 e} 88,500 | 1405 15,100
March 29 . 18.13 |

{ (1520 86,000 | 12.80 | 12,600
March 30 ___________.__ S 16.75 )

{ oo } 32,900 | 10.86 8,720
March 81 _____._.___.____ O 15.40 29, 900 11.07 9,140
Aprilt_ .. 14.45 27,800 11.75 10,500
April®. 18.80 | 26,800 |  11.40 9,800
April8_ .. 13.80 26, 600 11.10 9, 200
Apridd_ .. 13.80 | " 26,600 10.55 8,100
Aprild. 12.80 | 24,500 8.95 6,920
April6. . ... 11.20 20,700 8.22 4,380
April 7. o 10.50 | 18.800 5,70 3,830
April 8. ... 9.55 17, 400 7.88 3,520
April9. .. . 9.40 | 17,200 7.55 3,680

Figures in parentheses are elevations corrected for the flow which passed across the
west side and entered the river about 1.4 miles below Fulton street; they are used in the
volume equivalent.

The flood at Grand Rapids lasted from March 21 to April 8, reach-
ing a maximum on March 27, with a gage height of 19.75 feet and a
discharge of 39,400 cubic feet per second, or 8.04 cubic feet per second
per square mile. For five ddys the gage reading was 18 feet or more.

The flood at Lansing reached a maxfmum on March 26, one day
earlier than at Grand Rapids. * The maximum daily flow at Lansing
was 18.7 second-feet per square mile, which is about 2.36 times greater
per square mile than that at Grand Rapids, and yet the area over-
flowed and the damage done by the flood at Grand Rapids was much
greater than at Lansing, due to the difference in rapidity of flow.

The flood profile of this river is shown in fig. 3, and the height of
the flood aboveé danger line, as shown by gages along the river, is
given in the table following.
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Flood profile of Grand River, Michigan, 1904.

Height

Place. h(g'i’;;, v aggze;j ?1%1'1‘
Feet. Feet.

Grand Rapids ... . ... ... 20.45 9.7

TOMia 27.55 3
Portland . __ i 14. 44 2.9
Grandledge. . _ . 14.10 7.9
Lansing .. .. 19.45 8.6
Eaton Rapids_ . . ______ .. 9.20 2.7

It is seen that the stage was from 7.9 to 9.7 feet above the danger
line at Lansing., Grandledge, and Grand Rapids.

DAMAGE DONE BY FLOOD.

At Grand Rapids the river began to overflow its banks on the
evening of March 24, and the water did not return within the banks
of the river until March 31. More than 1,500 houses were flooded,
the west part of the city for a width of several blocks being over-
flowed to a depth in places of 5 feet. The city gas-light plant was
cut off by the water and the city was without light for several rights.
Ten thousand employees of the various industries along the river
were thrown out of work.

The following extract from one of the Bay City, Mich., news-
papers describes the flood conditions in Michigan on March 31:

The floods in Michigan are the worst since 1887. Lowlands are everywhere
completely under water and roads are in most cases flowing streams.

Numerous dams have been washed out or so badly undermined as to be
practically ruined. Bridges, both railroad and highway, are in the same condi-
tion. Railroad traffic has been stopped entirgly on account of washouts of
bridges or sections of track. Factories have been put out of business by water
rising in their basements sufficiently to put out their fires, and several cities are
in darkness because of a similar condition of affairs in their lighting-plant
power houses.

Stores in the business portion of cities are basement full, and in many cases
the water is flowing through them on the ground floors. Many families have
been forced to leave their homes,

The damage will be something enormous, both in the actual destruction of
property and in the stoppage of business. No figures can be given, but it is
conservatively estimated that the loss will run into the millions.

PREVENTION OF FUTURE DAMAGE.

Destructive floods may occur on this river from the rapid melting
of a comparatively small amount of snow, accompanied with a not
excessive rainfall, the small slope of bed of the stream from Grand
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Rapids to Lake Michigan (about 0.6 foot per mile) being insufficient
to carry off the water as rapidly as it comes down from the upper
watershed. The remedy for the consequent overflow consists in
giving the stream an abundant unobstructed waterway and using
levees where the benefits derived from them will justify the cost of
their construction.

WABASH RIVER FLOOD, INDIANA.

By F. W. HANNA.

STREAMS AND DRAINAGE BASIN.
L 4

The drainage area of Wabash River covers the major portion of
the State of Indiana and a considerable territory in eastern Illinois.
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F1e. 4.—Drainage basin of Wabash River.

In shape it resembles a huge fan, the axis of which lies along a
straight line connecting its mouth with the town of Wabash, Ind.,
near its source. In the upper course of the river the right-hand and
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left-hand tributaries are about equally distributed, upper Eel and
Tippecanoe rivers being offset by the Salamonie and the Mississinewa.
In the lower course of the river the drainage area is unsymmetrical.
No important tributaries come in from the right, while on the left
it receives the White River system, which comprises a very large por-
tion of the whole drainage area of the Wabash.

The topography of the drainage area is diversified. It belongs
chiefly to the topographic classifications of the middle and southern
thirds of Indiana, described by Mr. T. C. Hopkins,® who says:

The middle third is somewhat more diversified [than the northern third].
The eastern half of it is a broad, rolling plain area, with no prominent .hills
nor any very deep valleys. The streams in places run over the surface of the
plain and in places are slightly intrenched in it. In the western half of the
middle third the streams are more deeply intrenched. The southern third, or
more, of the State is much more diversified. The area is more deeply trenched
by the streams; so much so in places that secondary plains have been formed
and the underlying rocks have stamped their character on the surface. The
upland sloping plateaus are in many places very much dissected and diversified
by numerous deep valleys cut in them, so that they. form a mass of irregular
hills.

The total length of Wabash River is 517 miles. Below Lafayette,
312 miles above its mouth, it has an almost uniform fall of 0.6 foot
per mile, while the remaining portion above this point has an almost
uniform fall of 2.4 feet per mile. The upper tributaries of the river
are roughly similar to the upper portion of the main stream, while
the lower tributaries are roughly similar to the lower portion.

PRECIPITATION.

During the major part of March, 1904, considerable rain fell
throughout Indiana, causing a rise in the Wabash that reached a
maximum stage at Mount Carmel, 11L, on March 14. This stage grad-
ually receded until March 21, when another gradual rise began,
caused by precipitation occurring about the middle of the month,
and continued by two exceptional storms, one on March 25 and 26
and another on March 31. '

On March 22 a storm center was central over the extreme North-
west, which, traveling across the continent at a rate of 34.7 miles
per hour, reached the mouth of St. Lawrence River on March 26.
This storm center passed over the Wabash drainage area during the
latter part of March 25 and the fore part of March 26, traveling
practically parallel to the course of the river and precipitating a
liberal amount of water over the entire area. In the early morning
hours of March 25 the Weather Bureau rain gage at Evansville,
Ind., near the mouth of the Wabash, recorded 1.92 inches of precipi-

¢ Twenty- elghth Ann. Rept., Dept. Geology of Indiana.
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" tation in five and three-fourths hours, with the excessive maximum
fall of 0.55 inch in twenty-five minutes. In the course of about five
hours this same storm had reached Indianapolis, Ind., near the head-
waters of West Branch of White River, having precipitated copi-
ously over the entire district between Evansville and that point. Here
the Weather Bureau rain gage recorded between 7.54 a. m. March
25 and 12.45 a. m. March 26, a period of about nineteen and one-sixth
hours, a total rainfall of 4.72 inches, the maximum being 1.54 inches
in one and two-thirds hours. Continuing onward in its northeasterly
course, this storm appeared at Cleveland, Ohio, during the evening
of March 26, where, however, the amount of precipitation was
diminished very materially.

A second storm, originating in the Great Basin on March 28 and
traveling across the continent at the average rate of 22.3 miles per
hour, reached the mouth of the St. Lawrence on April 2. This storm
passed across the Wabash drainage area in a mnortheasterly course,
precipitating heavily upon it throughout its entire course. Near
Indianapolis, where the probable maximum intensity was reached,
the downpour lasted three hours and five minutes, during which 2.52
inches of rain fell, 1.89 inches of which were precipitated within
eighty minutes.

GAGE HEIGHT.

It will be noted that the total rainfall at Indianapolis during these
two storms was 7.24 inches, 3.43 inches of this being precipitated
within three hours. The facts that Wabash River and its tributaries
were already at a high stage when the storm of March 25 and 26
began, that the comparative rapid fall of the Wabash and its
tributaries in its upper course hurried the water from this storm to
the lower part of the valley, where it necessarily lingered on account
of the low fall of the river, and that another severe storm on March
31 added immense quantities of water which were rapidly carried
to the lower valley, all resulted in the greatest flood in height and
the longest in duration that has been experienced in the lower val-
ley of the Wabash since the establishment of the Weather Bureau
gage on that stream at Mount Carmel, T1l., in 1885, and possibly the
largest flood that had occurred in that region for many years before.
Only two recorded floods approached anywhere near that of March
and April, 190+. In March, 1897, and in March, 1898, the Mount
Carmel gage read 26.4 feet and 27.0 feet, respectively. . On April 2,
1904, this same gage recorded 27.1 feet, and would probably have
reached 28 feet or higher had not some of the levees in that section
given way. DBelow is appended a list of the maximum stages of
Wabash River with their dates of occurrence at Mount Carmel, I1L,
as shown by the Weather Bureau records from 1885 to 1904, inclu-
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sive. The zero of this gage is very close to low-water mark for the
river at this place. ‘

Maximum yearly gage height on Wabash River at Mount Carmel, Il.,

1885-1904.
Date. poEe Date. onge.
Feet. Feet.
January 8, 1885 _ ___ . __ . ___ 24.7 || Janunary 25,1895 ___________ 7.5
May 22,1886 . ____._________ 19.8 || July29,1896__.______________ 14.3
March 14,1887 ... _____ 22,0 || March 13,1897 ______________ 26.4
April 5, 1888 __ ... ____ 20.6 || March 80,1898 _______.___.._ 27.0
June 19,1889 . ___________ 20.8 || January 28,1809 ___ . ____ 195
January 14, 1890 . ____ 24.1 | March14,1900. ... __ 19.0
March 2, 1891 . ______ . 22.0 || March 19,1901 _______ __ __. ’ 7.5
April 13,1892 . ___.___.____ 21.5 || December 25,1902 .. . _____ 17.0
May8,1803 . _____________. 24.5 || March 12,1903 _______.___. 2.8
February 16, 1894 __________ 18.6 || April 2,1904____ ._____ R 27.1

The movement of the waters of these successive storms down
Wabash and White rivers toward the Ohio can readily be followed,
in a general way, by a study of the gage heights of the United States
Geological Survey records at Logansport, Ind., on the Wabash, and
at Shoals, Ind., on the east branch of White River, in connection with
those of the United States Weather Bureau at Mount Carmel, TIL., on
the Wabash, below the White. The zero of the Geologica! Survey
gage at Logansport is about 1 foot below low-water mark, while the
zero of the gage at Shoals on White River is about 63 feet below low
water. A partial list of the gage heights from March 1 to April 25
1s appended below :

Gage height and discharge showing progress of flood at Logansport, Shoals, and
Mount Carmel, March and April, 1904.

Logansport. Shoals. &3&%.
Date.
h(gisé ‘%' Discharge. lgiaé et_ Discharge. h(e}iz et-
1904. Feet. Sec.ft. Feet. Sec.+ft. Feet.
March 1 __________________. 9.90 31,710 67.60 8,610 10.50
March 1 . . __._________ 6.20 14,880 67.70 8,860 15.50
March 22 _ _____ . ______._. 8.30 24,140 68. 00 9,610 15.70
March 23 ____._______.____ 8.10 23,220 74.40 25,870 16.00
March®4 . ... ... 6.68 16,940 75.20 27,950 16.%0
March 25 ___________..____. 6.85 17,670 78.40 36,270 17.70
March 26 .. _______..___.. 13,45 51,980 87.10 58, 880 20.70
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Gage height and discharge showing progress of flood at Logensport, Shoals, and
Mount Carmel, March and April, 1904—Continued.

Logansport. Shoals. Mount
Date. b
hgiz ?;. Discharge. h(gia‘g %. Discharge. hgizﬁ.
1904. Feet. Sec.-ft. Feet. Sec.-ft. Feet,
March 27 ... ... 14.84 | 56,880 87.70 | 60,450 21.90
March 28 ... ___..._.___... 13.05 | 49,380 92.80 | 783,710 28.10
March 29 ... .._____._._. 10.82 | 83,840 95.20 | 79,950 24.10
March80 ... ._._____.._._. 7.50 | 20,520 94.90 | 79,170 25.50
March 31 ____ ... ... 9.10 | 27,880 93.40 | 75,270 26.50
April 1 .. ... 12.22 | 43,380 91.00 | 69,080 27.00
April 2 ... 13.00 | 47,180 88.80 | 63,810 27.10
April8 ... ... 18.10 | 47,630 87.20 | 59,150 26. 60
Aprild ... © 11,06 | 87,480 85.60 | 54,990 26.10
April 5 ... 785 | 91,220 84.40 | 51,870 25. 60
April 6 .. ... 578 | 12,940 83.40 | 49,270 25.80
April T ... 4.88 9,530 80.20 | 40,950 25.20
April8 . ... 4.45 8,220 78.20 | 22,750 25.10
April9 ... 4.70 9, 080 68.40 | 10,610 24. 60
April 14 . ____ ... 3.90 8,400 66.80 6,610 20.00
April 95 ... 2.60 | 2,770 65.20 2,820 6.70

DAMAGE DONE BY FLOOD.

It is always very difficult, if not entirely impossible, to determine
the damage done by a flood. Inconvenience, suffering, and loss of
life all may result from floods, and these are not reducible to mathe-
matical statement. Even the property losses are difficult to estimate,
as portions not entirely ruined are so damaged, defaced, or spoiled by
water soaking as to take away the joy of their use, if not their prac-
tical utility. Various attempts have been made to ascertain the
amount of damage wrought by the Wabash flood of 1904, through the
estimates of county commissioners, city councils, and railroad officials.
In summing up this matter the Indianapolis News of March 29 says:

It is estimated the damage in this county will reach $2,225,000 and north of
this county an additional $1,000,000. Eleven lives have been lost in the Indi-
ana flood so far, and the total property loss in the State has been estimated
at from $8,000,000 to $10,000,000. At Madison the county commissioners esti-
mated the loss to bridges at $40,000. In Wabash County the loss is $50,000,
half of which is in the city. At Peru the loss is $100,000. Reports from Sey-
mour say that the loss in that vicinity will be $35,000. Reports from Blooming-
ton say that the loss in that county will be $50,000,

IRR 147—05 M——1%
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This estimate was made before the great flood in the lower Wabash
region was creating its greatest havoc with all kinds of property.
Railroads, municipalities, highways, farms, in fact every kind of
property in reach of the waters—and their reach was high and wide—
suffered untold damage.

The damage to the railroads throughout the entire State of In-
diana, and especially in the southern portion, was very great. Many
of the roads on portions of their lines were unable to run trains for
nearly a week, some of the small towns not being able either to re-
ceive or transmit mail for several days. Trains were detoured by all
sorts of means to reach their final destinations, running without any
hope of time schedule. Culverts and bridges, not only of railroads,
" but of highways as well, were swept out by the rush of waters through
waterways insufficient at best and made more so by tremendous col-
lections of drift.

The Indianapolis News for March 30 prints the following estimate
of damages in Indianapolis to engineering works, principally bridges,
prepared by Mr. Juep, city engineer:

Damages to engineering works at Indianepolis, Ind., March, 1904.

Bridges, ete.:

Bast Tenth Street Bridge_ L $8, 000
. Highland Avenue Bridge___ . 7, 000
Dorman Street Bridge___________ o _ 7, 000
REast Ohio Street Bridge._______ e e 8, 000
Capitol Avenue Bridge and repairs_ . ______ 15, 000
Bast Michigan street repaivs__ 1, 500
Washington Street Bridge, Irvington - —e—— 2,500
Indiana Avenue Bridge abutments . ____ . _____ ___________ 7, 000
Meridian street retaining walls, repairs to Barth Avenue Bridge,
Indiana avenue and Cottage avenue retaining walls_____________ 5, 000
Grand avenue culvert-________ N 75
Repairs to Liberty Street Bridge.__ . __ . ____________ 50
Henry Street Bridge - 8
Merrill street retaining walls for sewers_.. . ____________ 25
Merrill street and Senate avenue bridges________________________ 200
MeCarthy Street Bridge_.._ . 400
Delaware Street Bridge (new), over Pogues Run—._______________ 10, 000
Ray Street Bridge_____ S, 300
Additional flood walls for protection of bridges—- . _______ 4, 000
Levees and miscellaneous : .
Raymond street__ e 350
Fall Creek, in five different places_______________ R, 3, 500
Other important improvements and repairs of levees along White
River 4, 000
Cleaning, scraping and regraveling streets and alleys____.__________ 30, 000
Culverts washed out_____________________ . 3, 000
Repairs to block pavement_____________________________________ 10, 000
Cleaning out Pogues Run and State ditch________________________ 15, 000

Repairs to sidewalks - __ . 5, 000
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Levees and miscellaneous—Continued.

Providing floodgates for sewers_________________________________ $3, 00V
Repairs to temporary bridges over White River___________________ 6, 000
Northwestern avenue temporary bridge_____________________ ———_ 2,500
West Tenth Street Bridge_________________ _______ _______~___ 3,000
Sewer work and repairs and catch basins________________________ 5, 000
For drainage of flooded districts, cutting levees, and rebuilding____ 1, 500
Refilling washouts in streets____________________________________ 1, 000

Total _ __ 168, 908

Reports from other parts of the Wabash territory showed that the
damage was as great as in the vicinity of Indianapolis. The county
commissioners of Daviess County reported 50 bridges damaged and 18
entirely washed away in that county alone. The big steel bridge over
White River at Bloomfield was taken out, and large structures at
various other places were swept away, crippling wagon, electric, and
stean roads relentlessly. '

All of the large railroad embankments in the bottom lands of
White and Wabash rivers were especial points of attack by the waters.
Owing to their obstructing nature, a head of several feet caused such
heavy pressure as to start percolation and ultimate disintegration.
At Tazleton, on the Evanston and Terre Iaute Railroad, in the
lower White River region, the situation was serious. The following
extract from the Evansville Courier of April 1 is not only illustrative
of this point, but of many others throughout the flooded districts:

Hazleton, Ind., March 31.—Three hundred workmen and four dirt trains are
working night and day to save the big fill north of Hazleton. The heavy rain
Wednesday night and the continued backing of flood water on the upper side
of the embankment forced a stream of water through the fill early Thursday
morning. Thirty thousand sand bags had been piled along the track for a mile
in anticipation of a break, and the workmen at once began piling them into
the crevasse. They were unable to make headway against the wash, and by
last night a dozen streams were trickling through the embankment and slowly
washing it away.

At a late hour last night the break was reported to be in worse condition
than in the morning in spite of all that had been done. The water stands 6
feet higher on the upper side of the embankment than on the lower.

It is probable that more damage was done to the farms and farm-
ing interests than to any other class of business or property. Many
farms were washed full of ditches; others were covered with several
inches or feet of sand, and thousands of acres were flooded. The
breaking of many levees throughout the valleys greatly increased
the destruction. The following newspaper dispatches give some-
thing of an idea of the damage done by this cause:

Vincennes, Ind., March 28.—The Wabash River levee, 10 miles north of here,
broke in two places last night, flooding more than 15,000 acres of the finest
land in Knox County. The water rushed through fields, sweeping everything
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before it. The farmers were warned in the afternoon that the levee was weak,
and it is believed that no lives were lost. Reports say that houses were swept
off their foundations and the loss will amount to thousands. One break was
about 75 feet wide; the other was 3000 feet wide. Groundhogs or human
beings are supposed to have caused the breaks. Other places in the levee are
weak, and big damages may come at any time. Farmers say that all the wheat
covered by water is killed.—Indignapolis Newos.

Sullivan, Ind., March 29.—The break in the township levee is now 135 feet
wide. Three hundred feet of the Iilinois Central tracks to the west of the
Riverton Bridge form a dam over which the water is flowing into the bottoms
at a rapid rate. Much live stock has been killed.—FEransviile Courier.

Clay City, Ind., March 30.—Eel River has been sweeping through its valley
in this county, doing much damage to farms and railroads. The 7T-foot levee
constructed by the Lewis Township Improvement Company last year at a cost
of many thousand dollars to protect farm lands on the west side of “ the Big
Bend ", is said to be ruined, without having afforded any returns for the money
and labor it represented. It was proposed to build a similar levee on the oppo-
site side of the stream, but the project has been abandoned.—lndian,a.pol’is
Neiws.

The breaking of these levees, added to the water already flowing in
on unprotected tracts of land, produced extremely disastrous results.
Thousands of acres of growing wheat were either partly or totally
destroyed. Large amounts of grain and hay in store were either
destroyed or carried away. A loss of 20,000 bushels of corn in one
township alone was reported. Houses, barns, sheds, farm imple-
ments, and live stock were swept away. Fifty head of dead cattle
were seen floating in the drift near Mount Carmel.

In addition to the great damages already discussed, every town
within the reach of the flood suffered heavy loss. Some of the small
towns were entirely drowned out; others were isolated and ran short
of provisions; all were partly submerged, cellars were filled with
water, merchandise ruined, furniture spoiled, water supplies shut off,
light plants closed down, and business completely paralyzed. In the
midst of all this many people suffering from disease died from expo-
sure; some were drowned in attempting to escape from the flood;
others lost their liyes in trying to save property either of their own
or their neighbors; and still others were drowned in heroically
attempting to save lives.

"

PREVENTION OF FUTURE DAMAGE.

The proper construction of levees is always a matter of vital impor-
tance, inasmuch as they invite people to inhabit districts not other-
wise tenable and encourage their spending considerable sums of
money through the confidence ifaposed in their protection. Tt is
usually found upon inspection of levees that have failed that a few
additional inches in height, a few additional feet in width, a little
extra precaution in their protection and care would have enabled
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them' to meet the flood crisis efficiently. The recent experience with
the levees in Wabash Valley should lead to the rectifying of any such
errors as these in that vicinity. Careful inspection should be made
for the purpose of locating any and all defects of the above nature
and immediate steps taken to repair them. Where there is a State
engineer such matters should be under his charge, and recommenda-
tions should be made by him. In the cases where burrowing animals
are especially bad, or where from any cause percolation is extremely
¥ to occur, and where the value of the property protected will
permit, narrow concrete walls may be used to prevent the digging of
holes through the embankment. This method is necessarily very
expensive, but there are exceptional cases where the value of the pro-
tected property will warrant its use.

The straightening, widening, and deepening of river channels may
be made a means of flood prevention. This must be done, however,
in such a way as not to harm one portion of the valley by benefiting
another. For instance, if all the headwater streams of the river are
so improved as to bring the upper flood waters hurriedly down into
the lower valley, where neither natural nor artificial means abun-
dantly exist for their disposal, their field of destruction is merely
transferred and their power for evil intensified. On the other hand,
if a stream is improved in its lower valley or in any portion of its
valley where ample drainage is furnished below the improved por-
tion, great benefit must_result.

In the case of the recent Wabash flood the greater part of the de-
struction took place in the lower valley in and about the junction of
White and Wabash rivers. With the exception of a few isolated
cases, the water channels in this region were less able to dispose of
the waters delivered to them than those in any other portion of the
drainage area. Evidently any improvement of the nature under
discussion in the upper valleys without a corresponding increase of
the carrying capacity of the lower-valley channel would be unwise.
If the lower Wabash channel was improved so as to meet the addi-
tional demand on it, then the straightening, deepening, widening,
and diking of some of the tributaries of this stream would be very
beneficial. This is especially true of both branches of White River,
which is extremely low banked and winding.

Often serious local flood damage is caused by the narrowing of
the river channels by bridge piers, railroad embankments, highway
grades, and other obstructions. The natural waterway is reduced for
a given stage of water to a half, and often much less, of the original
and natural one. The consequence is that the water is backed up
several feet and property is seriously inundated that should have been
free from the flood. As an instance of this, the situation in the flood
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under discussion on White River at Shoals, Ind., may be cited. The
town of Shoals consists of two parts, designated East Shoals and
West Shoals. West Shoals is situated on ground on the right side
of White River, lying mainly above high-water limit; East Shoals
occupies chiefly a high rocky knoll immediately adjacent to the left
bank of the stream. This eminence is exceptionally high at its cen-
tral part next to the river, but slopes off toward low ground in all
three of the remaining directions. The ordinary river channel runs
adjacent to this bluff and carries stages of 15 to 20 feet of water.
When the water gets higher 1t naturally spreads out over a flat several
hundred feet wide on the right side. Still greater elevations of
water surface originally caused the water to flow around to the left
of the above-mentioned knoll. During the 1904 flood a maximum
stage of about 35 feet above low water was reached. Had the river-
channel waterway been what nature had prepared for it, it would
have been four or five times as wide and several times as large as
it was, and the water would not have risen to any such stage as it
did. A highway grade and a railroad embankment made the surplus
waterway on the right of the main channel useless, and a railroad em-
bankment also prevented the water from passing around the knoll to
the left as it naturally would. The result was that these obstruc-
tions served as a dam that raised the water several feet higher than
it would naturally have risen. Much property on the lower margins
of the knoll was flooded that should have been high and dry. The
highway bridge has a length of only +45 feet between abutments, and
the railroad bridge, a short distance below, is about the same length,
and the maximum discharge of 80,000 second-feet was forced to pass
through this space. The capacity of this waterway was also reduced
by end contraction on the right bank. Tt is a notable fact that a
high, solid embankment bridge approach on a low flat covered with
several feet of water causes an action at the bridge similar to end
contraction in a weir.

By obtaining slope, wetted perimeter, coeflicient of roughness, and
area of waterway the necessary increase in the length of the bridges
to enable the channel to carry the flood at this point without causing
undue rise might be computed. The computation is not made, as the
situation is not critical enough to cause action on the computed re-
sults. This special case s cited at length as being one that came
under the writer's observation and as being typical of many others
throughout the flooded territory. Many instances from various
places are reported where the unnatural rise caused by such obstrue-
tions as these has been 6 or 7 feet. Very often this rise has resulted
in serious damage. Such cases demand the services of an engineer
who is capable of determining what may be done to prevent future
similar occurrences. )



M ea” ] DESTRUCTIVE FLOODS IN UNITED STATES IN 1904. 55

BELLE FOURCHE RIVER FLOOD, SOUTH DAKOTA.¢

During the early part of June, 1904, the northern part of the Black
Hills, South Dakota, was visited with excessive rainfall, which caused
the Belle } ourche and other streams in that region to reach the highest
known stage since 1883 and to do much damage to property along
their banks.

STREAMS AND DRAINAGE BASIN.

Belle Fourche River, sometimes called North Fork of Cheyenne
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Fic. 5.—Part of Black Hills drainage.

River, rises in the northeastern part of Wyoming and flows in a gen-

¢ Prepared mainly from data furnished by R. F. Walter, engineer.



56 DESTRUCTIVE FLOODS IN UNITED STATES IN 1904. [wo. 147.

erally southeasterly direction, joining South Fork about 13 miles
east of the Dakota-Wyoming boundary line, and is the main run-off
stream from the Bear Lodge Mountains. It fluctuates greatly dur-
ing the year, being often dry during the summer, but after a rain
frequently discharging 7,000 to 10,000 second-feet for a short time;
it rises and falls very rapidly. Although parts of the watershed of
this stream are mountainous and rough, there are no very high moun-
tains. It is barren of timber, except along the streams. The soil is
what is locally known as gumbo, a type that sheds water easily and
is very little cultivated.

Redwater River is an important tributary of the Belle Fourche,
draining a part of the northern slope of the Black Hills. Spearfish
and Sand creeks are its tributaries. Its watershed is mainly rough
and broken.

Rapid Creek is the main stream from the eastern part of the Black
Hills. It has a steady fall and is never entirely dry. Its basin is
mainly in the forest reserve, and its slopes are timbered. These
streams are shown in fig. 5.

PRECIPITATION.

The rain causing this flood began May 31 and continued more or
less steadily until June 4, the greater part of the precipitation fall-
ing on June 3 and 4. It was much heavier on the hills than on the
plains. The rainfall records of the United States Geological Survey
rain gage show 2.70 inches at Belle Fourche from June 1 to 5, and
the United States Weather Bureau records show 3.10 inches at Fort
Meade and 3.28 inches at Rapid for the same period. In the moun-
tains at Spearfish the precipitation was 5.55 inches, or about double
that on the plains for the same period.

GAGE HEIGHT AND DISCHARGE.

The streams in this region rose steadily and reached a maximum on
June 5. The greatest damage was done during the night of June 4
and the morning of June 5. The duration and magnitude of the
flood can be seen from the mean daily gage height and corresponding
discharge at the regular gaging stations on Belle Fourche and
Redwater rivers and Rapid Creek, as shown in the table following.

t
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Discharge of Belle Fourche and Redwater rivers and Rapid Creek, June, 1904.

Belle Fogﬁg]gﬁez'it Belle Redv;%?;-c%g .Belle Rapid Creek at Rapid.
Date.

hg}ig S | Discharge. hg{.é%ﬁ;. Discharge. hgf?g S, | Discharge.

Feet. Sec.-feet. Feet. Sec.-feet. Feet. Sec.-feet.
Junel ...______. 2.32 212 2.95 174 2.22 146
June?2 . .. ____ 3.08 505 3.15 232 2.30 164
Juned . _______. 5.18 1,951 3.50 349 2.50 220
Juned4 ... ____. 6.98 3,211 3.50 349 2.82 324
Juneb5. ____ . __. 10.20 5,465 @10.20 8,050 3.45 526
June6 ... __....| ?10.88 175»,941 7.40 3,918 c4.30 @876
June 7 .. . _____. 10.10 5,395 5.70 2,184 3.70 684
June8 . .. _. 7.62 3,659 5.42 1,898 3.55 632
June 9 .. ______ 6.30 2,785 5.42 1,898 3.50 620
June10_________ 5.10 1,895 5.00 1,470 3.40 588
Junell . _______. 4.88 1,741 4.58 2,062 3.45 604
June12 .. 4.58 1,581 4.42 915 3.40 588
June13 . ______. 3.90 1,055 4.35 779 3.35 572
Juneld ... .. 3.78 971 4,10 670 3.20 524
June 15 ________. 3.50 T 4.02 617 3.12 498

« Maximum gage height, 10.20 feet; maximum discharge, 8,050 second-feet.
b» Maximum gage height, 11.25 feet; maximum discharge, 6,270 second-feet.
¢ Maximum gage height, 4.40 feet; maximum discharge. 908 second-feet.

4 Channel changed by flood.

It is seen that the maximum daily stage of Belle Fourche River
was attained on June 6 for a gage height of about 10.9 feet and a
corresponding discharge of 5,941 second-feet. The absolute maxi-
mum gage height during. this flood was 11.25 feet and the corre-
sponding discharge was 6,270 second-feet.

Redwater River reached its maximum stage on June 5 for a
maximum gage height of 10.2 feet and a corresponding discharge of
8,050 second-feet. The flow of Rapid Creek reached a maximum on
June 6 for a maximum gage height of L4 feet and a corresponding
discharge of 908 second-feet. The flow of this creek during this
flood was not as large, compared with its ordinary flow, as that of
Belle Fourche and Redwater rivers. )

The table following gives additional data on the flow of these
streams during this flood. '
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Flood data of the Belle Fourche and tributaries, June, 1904.

Maximum discharge.
. Total 4
Stream and place. Dl;’.lg: ® (%Sa" (,rct)_}isgns.ec
Total. Pel;n sic%gare charge.
8Sg.miles.| Sec.-ft. Sec.-ft. |Acre-feet.| Sg.-feef.
Belle Fourche River at Belle

Fourche.S.Dak__._____________. 3,250 6,270 1.81 | 45,000 1,742
Redwater River at Belle Fourche, ‘

S.Dak_____ . ______ ... 1,015 8,110 8.00 | 34,000 1,454
Rapid Creek at Rapid.______ .. ____ 410 1,170 2.85 | 17,400 230
Belle Fourclie River below mouth

of Whitewood Creek. ... ______|_______. 20,000 |- || -

At no time was there a violent downpour, but all water courses
and dry runs gradually became torrents, carrying before them large
logs, trees, and débris, damming the channels. In many of the creeks
bowlders weighing a ton or more were rolled along by the waters.

DAMAGE DONE BY FLOOD.

The rainfall over the * hills ” was much heavier than on the plains,
and as the waterways in the former were much smaller than in the
latter the upper parts of the streams became raging torrents. Besides
the main channels the smaller creeks and dry runs became torrents
and discharged large volumes of water. Four lives were lost. The

- greatest damage was done along Spearfish and Whitewood creeks,
where the channels were contracted in many places by railroad and
other improvements, and parts of the towns of Deadwood, Central
City, and Spearfish were under water.

At Deadwood the water of Whitewood Creek reached a height of
8 feet above normal and 2 feet above danger line, flooding the lower
part of the town, undermining many buildings, washing out miles
of the railroad track of the Chicago and Northwestern and Burling-
ton and Missouri River railroads, completely destroying the steel
bridges in Deadwood, and doing other damage all along its course.

Along Whitewood Creek the list of damages is given as follows*

Danages from Belle Fourche flood.

City of Deadwood, bulkheads and bridges washed out and damage to

streets o e $25, 000
Lawrence County . ____ 60, 000
Chicago and Northwestern Railroad - ____________________________ 30, 000
Burlington and Missouri River Railroad_____________________________ 60, 000
Private damage 25, 000
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Along Spearfish Creek the Burlington and Missouri River Railroad
in the canyon was almost completely washed out and the Government
fish hatchery demolished: also considerable damage to streets and
bridges in the town of Spearfish, as well as many private residences
and orchards. All mill dams and canal heads were more or less’
damaged. The damage in Spearfish, outside of the railroad damage,
will reach $20,000.

All the smelters along Whitewood Creek were forced to close down
for some time, and the Homestake mine was shut down for the first
time in twenty years on account of inability to secure fuel and the
excess of water in the mine. PL IV, B, illustrates the damage to
Chicago and Northwestern Railway along this stream.

Along Belle Fourche River, which receives all the water from
the northern hills, no damage was done. .

Redwater River, the main branch of the Belle Fourche, was from
one-fourth to one-half mile wide and considerable damage was done
to meadows along its course.

KANSAS FLOODS.

By E. C. MurPHY.

The floods on Neosho, Verdigris, and Osage rivers in eastern
Kansas in July, 1904, were larger and more destructive than any other
recorded floods on these streams. The flood on Arkansas River in
southern Kansas only lacked 0.8 foot of being as high as during the
great flood of 1877. The flood on Kansas River, while of a stage
several feet less than that of the May flood of 1903, was, nevertheless,
greater than any recorded prior to that one.

PRECIPITATION.

The rainfall in eastern Kansas prior to this flood is thus deseribed
by Mr. P. Connor in the Monthly Weather Review for July, 1904:

The spring and early summer months, like those of 1903, in Kansas and
western Missouri were abnormaly wet. At Kansas City there was an excess
of nearly 17 inches of precipitation fromm March 1 to July 8, the date of the
highest water. Fortunately for this community and interests below Kansas
(ity, the most violent storm occurred outside the Kansas—commonly known as
the Kaw—watershed. The rainfall in Kaw Valley, while far too heavy and fre-
quent for good farm work, was so distributed that the streams could carry it
off without overflowing their banks until July 6, although twice in June rather
heavy rains on consecutive days caused a good many of them to become almost
bank full in some places. On the morning of July 4 rather heavy rains were
reported in Kaw Valley and northwestern Missouri, with the larger streams of
Kaw Valley at ordinary stages. On the morning of July 5 only ordinary rains
were reported over the same territory. Thete was, as yet, no cause for serious
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apprehension, but on the afternoon and the night of July 5 uniformly heavy
rains fell over the greater portion of Kaw Valley and northwestern Missouri.
At Kansas City the fall was 2.31 inches in eighteen hours, and it was equally
heavy along Kaw River to Topeka and along the Missouri to some distance
helow St. Joseph. The great quantity of rain that fell in the basin at the junc-
tion of Missouri and Kaw rivers had immediate effect in raising the rivers at
Kansas City, and, in consequence, the Missouri had risen 2.7 feet by the morning
of July 6, placing it 1.1 feet above the danger line. Kaw River rose 4 to 5 feet.

The monthly precipitation at several places in southeastern Kansas
and adjacent States is given in the following table:

Monthly precipitation and variation from normal in southeastern Kansas and
adjacent States, January to July, 1904.

Place. :Jan. Feb. | Mar. | Apr. | May. | June. | July. | Total.
U
Variation_____. 0.2 |—0.4 |-0.2 |-0.6 |+0.9 |+1.10 |+2.2 |+ 2.8
North Platte, Nebr...... {Precipitation_. 32| 08| 52| 1.52| 3.63] 4.43| 4.90| 1538
Kansas Ciby. Ka Variation_.._.. ~ 4 |-12 |+83 [+3.8 |+6.1 |- .4 [+20 [+13.2
2 Yy RADS- oo Precipitation.. .77 | .69 | 5.51| 6.69|10.70| 4.58| 6.25| .17
Toveka. Kan Variation. ... ~ 1 16 [+.5 [+2.0 |+20 |— .9 |+14 |+ 33
pelkn, BANS. ---ooe oooeee Precipitation.. .92 | .16| 2.62| 4.90| 6.96| 3.8% | 6.37 | .61
. Variation____.. — .4 [— .6 |- .9 0 1412 |-1.3 |—1.4 |— 3.4
Dodge City, Kans ... {Precipita.tion_. 3| .o2| .ot 154| 442) 202| Li1| avs
i Variation. ... — 8 |-12 |424 |—.3 |+15 [+ .7 |+e2 |+ 7
Wichita, Kans_...._.__..
ichita, Kans "{Precipitation” 2| .04| 4.23| 2.65| 574 | 569 | 7.46| 25.93
) Variation_ ... 110 |-20 [+44 —05 [-17 — .4 |- .7 |+ .1
8t. Louis, Mo ... {Precipimﬁon,, 3.15| .84| 7.87| 3.25| 2.88| 4.6¢| 3.09| 2.8
Variation...... +.8 |—.9 s |—12 |12 |ve6 |-26 [+ 27
Oklah
lahoma, Okla ... {Precipitation_. 218 | .o4| .28 151] 4311233 1.07| 2L70
. Variation...... +1.1 |—-29 |— .5 |-2.7 |— .4 |-1.8
F
ort Smith, Ark ... {Precipimtion,_ 3.48| 8| 3.% | 2.90| 4.3 6.12
Emporia, Kans . __._.._.... Precipitation..| .42 09| 401 315| 8.32| 9.51
Fort Scott, Kans -.................. do....| 158| .57 1.60|10.3¢| 6.23 | 12.88
Independence, Kans___..___._____._. do....| 1.4 16| 1.58 | 3.44| 4.26 | 11.78
‘Winfield, Kans _.....__....__..__.... .| 118 T 1.48 | 2.01 | 6.47 (13.22
Hartshorn, Ind. T. 2.35| .48 | 4.57| 3.68| 4.88 [15.00
Okmulgee, Ind. T . 3.37 081 1.94| 1.27 | 10.66 | 13.94
Bonham, TeX. ... .oooooeeeon.n. 29| 172 22| 378| 593 149] 211 | 2181

-

The monthly and the accumulated excess or deficiency for the
seven months January to July are also given for several of these
places. These figures verify Mr. Connor’s statement in regard to the
precipitation in eastern Kansas, and in a measure define the extent
and magnitude of the precipitation prior to this flood.

This excessive precipitation caused floods on Osage, Neosho, and
Verdigris rivers larger than ever known before. Compared with the
storm that preceded the great flood on Kansas River in 1908, it may
be said that that of 1904 did not cover as large an area, was not as
intense, occurred about one month later in the season, and was cen-
tral over an area from 200 to 300 miles farther south.
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KANSAS RIVER FLOOD.

GENERAL STATEMENT.

The greatest flood of Kansas River on record or in the memory of
the oldest inhabitants living along the stream occurred May 23 to
June 13, 1903.¢

The flood of July, 1904, although it did not reach to within about
81 feet of the height attained by that of 1903 at the United States
gaging station at Lecompton, was, however, second to it in recorded
height. Tts estimated discharge was about 60 per cent of that of the
flood of 1903 and about double that of the flood of April 26, 1897,
which was the greatest in twenty-one years prior to 1903. The area
" flooded in 1904, while much less than that flooded in 1903, was never-
theless large, and, as the flood occurred about a month later than in
1903, it prevented the maturing of ordinary crops on the flooded area.

The effect of the 1903 flood on Kansas River was to deepen and
widen the channel and in some places, notably near Manhattan and
St. Marys, to straighten it by cutting off bends in the stream. A
short distance south of the latter place a new channel about 4 miles
long was formed and a few miles farther downstream another, one-
half mile long, was cut across an oxbow bend. At many places along
the concave bank washing took place, and where the banks were not
protected erosion occurred, resulting in some places in the destruction
of several acres of land. This erosion of bed and banks supplied a
vast amount of material that was deposited on the flooded area. In
places this deposit consists of from 2 to 6 inches of silt that enriches
the land and in other places of from 2 to 6 feet of sand that com-
pletely ruins it. It is estimated that 10,000 acres of fine farming
land along the river, valued at $200 per acre, were thus practically
destroyed.

FLOOD NEAR KANSAS CITY.

The flood of 1903 destroyed 16 bridges in the vicinity of Kansas
City, only one of which had been removed from the stream bed prior
to the flood of 1904. Several temporary pile bridges had been con-
structed across the river between the dates of the two floods. These
and other obstruciions collected drift, retarded the flow, and increased
the area of overflow.. One of these pile bridges, the Rock Island Rail-
way bridge, was destroyed by this flood, and other bridges were dam-
aged to some extent.

2 For a description of the Kansas River basin and of the flood of 1903 and the de-
struction wrought by it, see Destructive floods in the United States in 1903: Water-
Sup. and Irr. Paper No. 96, U. S, Geol, Survey, 1904,



62 DESTRUCTIVE FLOODS IN UNITED STATES IN 1904

[No. 147.

Gage height and discharge—The following table ¢ gives the fluc-
tuations of Missouri River at the Hannibal Bridge at Kansas City,
and of Kansas River at the Stock Yards Bridge (about 3.miles from
the Hannibal Bridge), at Topeka, and at Manhattan during the flood:

Fluctuations of Kansas and Missouri rivers, July 1 to 13, 1904.

Kansas River.

Date. Mrm?i Stock-yarts| Slope per
Topeka. |Manhattan. g:fse,cﬁg%\- IIn’ileE
Feet. Feet. Feet. Feet. Feet
July 1 . . 11.10 11.70 16.30 |_______._.
July?2 . 20.20 9.90 9.30 17. 00 | 0.933
Julyd4 . 7.50 9.00 15.50 | _____.
July b . 19. 40 8.60 10.50 15.25 . 550
July 6:
8a.m_ _.______________ 22.10 14.00 16. 40 19.90 1. 200
12m . 16.10 17.00 21.65 |__________
July 7:
8a.m_._.___.__.___.__. 23.20 20.50 16.50 24,10 2.233
12m o e 21.00 16.00 R4.95 | ... ..
1p.m.o . ... et 20.90 16.20 25.26 | ...
2p.m._ | 20. 80 16.10 R5.50 ...
3Pp.m. el 20.50 16.00 25.80 | . ...
S5pom_.__..____ _____. I £0.10 16.00 26.30 |_________.
6p.m__ | 19.80 16.00 6,45 | _____ ...
TP-m_o | 19. 60 16.20 26.60 |.___ . __._.
Sp.om_ | 19.50 16.40 06.75 |_______.__
July 8:
8a.m__..__._________. 25.20 18.90 16.00 27.50 2.733
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