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PROGRESS REPORT OF STREAM NhEASUREMENTS FOR
THE CALENDAR YEAR 1905.

‘ , PART VIIL
By C. C. Bass, M. C. HINDERLIDER, qnd J. C. Hoyr.

INTRODUCTION.

ORGANIZATION AND SCOPE OF WORK.

The hydrographic work of the United States Geological Survey includes the collection
of facts concerning and the study of conditions affecting the behavior of water from the
time it reaches the earth as rain or snow until it joins the oceans or the great navigable
rivers. These investigations became a distinct feature of the work of the Survey in the
fall of 1888, when an instruction camp was established at Embudo, N. Mex. The first
specific appropriation for gaging streams was made by the act of August 18, 1894, which
contained an item of $12,500 “‘for gauging the streams aid determining the water supply of
the United States, including the investigation of underground currents and artesian wells
in the arid ard semiarid sections.” (28 Stat L., p. 398.)

Since that time the appropriations have been gradually increased, as shown by the fol-
lowing table:.

Annual appropriations for hydrographic surveys, fiscal years ending J ne 30, 1895-1906.

1895+ eeeeaee e e $12,500 | 1001, ... ovmiiieeeeeiieeeeeae e 100,000
1L SOOI 30,000 | 1902, .. rueoteeieeeeeeanrnneaaeeaennnee 100,000
IBDT e 50,000 | 1903...... feeeeeeqe e e mnnn e eaaeaas 200,000
1 USRI 50,000 | 1904, ... peseieeeee e eaee e eeenns 200,000
1899 e 50,000 | 1905 .. cveennnnnnnennnnnnnneeneenees 200,000
I900. oo 50,000 | 1006 ... eereeeeeaeeneieeeeaeaenneanns 200,000

|As & result of the increased appropriations the work has been greatly extended and at

the same time it has been more thoroughly systemized by the adoption of standard methods
_and by grouping the States into districts, in each of which a district hydrographer and a
¢ .ps of assistants carry on a comprehensive study of the hydrographic resources.

The chief features of the hydrographic work are the collection of data relating to the flow
o. the surface waters and the study of the conditions affecting this flow. Information is
a..0 collected concerning river profiles, duration and magnitude of floods, water power, ete.,
w_.ich may be of use in hydrographic studies. This work includes the study of the hydrog-
ri phy of every important river basin in the United States and is of direct value in the com-
n.oreial and agricultural development of the country. |

In order to collect the material from which estimates of daily flow are made, gaging sta~
t. .ns are established. The selection of a site for a gaging station and the length of time it is
n.aintained depend largely on the physical features and the needs of each locality. If the
v uter is to be used for power, special effort is made td obtain information concerning the
n.inimum flow; if water is to be stored, the maximum flow receives special attention. In
a | sections of the country permanent gaging stations afe maintained for general statistical

1



2 STREAM MEASUREMENTS IN 1905, PART VIIL

purposes, to show the conditions existing through long periods. They are also used as pri-
mary stations, and their records in connection with short series of measurements, serve as
bases for estimating the flow at other points in the drainage basin.

During the calendar year 1905 the division of hydrography has continued measuring the
flow of streams on the same general lines as in previous years. Many new and improved
methods have been introduced, by which the accuracy and value of the results have been
increased. Approximately 800 regular gaging stations were maintained during the year,
and an exceptionally large number of miscellaneous measurements and special investiga-
tions were made. The “Report of Progress of Stream Measurements,” which contains
the results of this work, is published in a series of fourteen Water-Supply and Irrigation
Papers, Nos. 165 to 178, as follows:

No. 165. Atlantic coast of New England drainage.

No. 166. Hudson, Pagsaic, Raritan, and Delaware river drainages.

No. 167. Susquehanna, Gunpowder, Patapsco, Potomae, James, Roanoke, and Yadkin river drainages.
No. 168. Santee, Savannah, Ogeechee, and Altamaha rivers and eastern Gulf of Mexico drainages.
No. 169. Ohio and lower eastern Mississippi river drainages.

No. 170. Great Lakes and St. Lawrence River drainages.

No. 171. Hudson Bay and upper eastern. and western Mississippi River drainages.

No. 172. Missouri River drainage.

No. 173. Meramee, Arkansas, Red, and lower western Mississippi river drainages.

No. 174. Western Gulf of Mexico and Rio Gra,nde drainages.

No. 175. Colorado River drainage.

No. 176. The Great Basin drainage.

No. 177. The Great Basin and Pacific Ocean drainages in California.

No. 178. Columbia River and Puget Sound drainages.

These papers embody the data collected at the regular gaging stations, the results of the
computations based on the observations, and such other information as may: have a direct
bearing on the study of the subject, and include, as far as practicable, descriptions of the
basins and the streams draining them.

For the purpose of introducing uniformity into the reports for the various years the drain-
ages of the United States have been divided into eleven grand d1v1s1ons, which have been
again divided into secondary divisions, as shown in the following list. The Progress Report
has been made to conform to this arrangement, each part containing the data for one or
more of the secondary divisions. The secondary divisions have in most cases been redi-
vided, and the facts have been arranged, so far as practicable, geographically.

List of drainage basins in the United States.

NORTHERN ATLANTIC DRAINAGE BASINS.

St. John. Thames.

St. Croix. Housatonic.

Penobscot. Hudson.

Kennebec. Passaic.

Androscoggin. Raritan.

Presumpscot. Delaware.

Saco. . Susquehanna.

Merrimac. Potomac.

Conneeticut. Minor Chesapeake Bay.
Blackstone. Minor northern Atlantic.

SOUTHERN ATLANTIC DRAINAGE BASINS.

James. Great Pedee (Yadkin).
Chowan. Santee.

Roanoke. ’ Savannah.

Tar. Ogeechee.

Neuse. Altamaha.

Cape Fear. ) Minor southern Atlantic.

EASTERN GULF OF MEXICO DRAINAGE BASINS.

Suwanee. . Pearl.
Apalachieola. Minor eastern Gulf of Mexico.
Mobile.
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DRAINAGE BASINS—DEFINITIONS. 3

EASTERN MISSISSIPPI RIVER DRAINAGE BASINS.

Lower eastern Mississippi. Upper eastern Mississippi.

Ohio.
ST. LAWRENCE RIVER DRAINAGE BASINS.
Lake Superior. Niagara River.
Lake Michigan. Lake Ontario.
Lake Huron. Lake Champlain (Richelieu River).
Lake St. Clair. Minor St. Lawrence.
Lake Erie.

‘WESTERN MISSISSIPPI RIVER DRAINAGE BASINS.

Upper western Mississippi. Lower western Mississippi.
Missouri. Arkansas.
Meramec. Red.

WESTERN GULF OF MEXICO DRAINAGE BASINS.

Sabine. Guadelupe.
Neches. San Antonio.
Trinity. Nueces.
Brazos. Rio Grande.

Colorado (of Texas). Minor western Gulf of Mexico.

COLORADO RIVER DRAINAGE BASIN.
THE GREAT BASIN.

Wasatch Mountains, .- ’ Sierra Nevada.
Humboldt. Minor streams in Great Basin.

PACIFIC COAST DRAINAGE BASINS.

Southern Pacific. Columbia.
San Francisco Bay. X Puget Sound.
Northern Pacific.

HUDSON BAY DRAINAGE BASINS.

DEFINITIONS.

The volume of water flowing in a stream—the ‘“ run-off ” or *“ discharge’’—is expressed in

_ various terms, each of which has become associated with g certain class of work. These

terms may be divided into two groups—(1) those which represent a rate of flow, as second-

feet, gallons per minute, miner’s inch, and run-off in second-feet per square mile; and (2)

those which represent the actual quantity of water, as run-off in depth in inches and acre-
feet. They may be defined as follows:

““Second-foot”’ is an abbreviation for cubic foot per second, and is the rate of discharge of
water flowing in a stream 1 foot wide, 1 foot deep, at a rate of 1 foot per second. It is gen-
erally used as a fundamental unit from which others are computed.

“Gallons per minute ”’ is generally used in connection with pumping and city water supply.

The “miner’s inch” is the rate of discharge of water that passes through an orifice 1 inch
square under a head which varies locally. It has been commonly used by miners and irri-
gators throughout the West, and is defined by statute in each State in which it is used. In
most States the California miner’s inch is used, which is the fiftieth part of a second-foot.

““Second-feet per square mile’ is applied to the average number of cubic feet of water
flowing per second from each square mile of area drained, on the assumption that the run-
off is distributed uniformly, both as regards time and area.

“Run-off in inches” is the depth to which the drainage area would be covered if all the
water flowing from it in a given period were conserved and uniformly distributed on the
surface. It is used for comparing run-off with rainfall, which is usually expressed in depth
in inches. .

“ Acre-foot ™ is equivalent to 43,560 cubic feet, and is the quantity required to cover an
acre to the depth of 1 foot. It is commonly used in connection with storage for irrigation
work. There is a convenient relation between the second-foot and the acre-foot. One
second-foot flowing for twenty-four hours will deliver 86,400 cubic feet or approximately
2 acre-feet.
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EXPLANATION OF TABLES.

For each regular gaging station are given, as far as available, the following data:

1. Description of station.

2. List of discharge measurements.

3. Gage-height table.

4. Rating table.

5. Table of estimated monthly and yearly discharges and run-off, based on all the facts
obtained to date.

The descriptions of stations give such general information about the locality and equip-
ment as would enable the reader to find and use the station. They also give, as far as pos-
sible, a complete history of all the changes that have occurred since the establishment of
the station that would be factors in using the data collected.

The discharge-measurement table gives the results of the discharge measurements made
during the year, including the date, the name of the hydrographer, the gage height, the
aren of cross section, the mean velocity, and the discharge in second-feet.

The table of daily gage heights gives the daily fluctuations of the surface of the river as
found from the mean of the gage readings taken each day. The gage height given in the
table represents the elevation of the surface of the water above the zero of the gage. At
most stations the gage is read in the morning and in the evening.

The rating table gives discharges in second-feet corresponding to each stage of the river
as given by the gage heights.

In the table of estimated monthly discharge, the column headed ““Maximum” gives the
mean flow for the day when the mean gage height was highest. This is the flow as given in
the rating table for that mean gage height. As the gage height is the mean for the day,
there might have been short periods when the water was higher and the corresponding dis-
charge larger than given in this column. Likewise in the column of “Minimum” the
quantity given is the mean flow for the day when the mean gage height was lowest. The
column headed ‘“Mean " is the average flow for each second during the month. On this are
based the computations for the three remaining columns, which are defined on page 3.

In the computations for the tables of this report the following general and special rules
have been used: .

Fundamental rules for computation.

1. The highest degree of precision consistent with the rational use of time and money is imperative.

2. All items of computation should be expressed by at least two and not more than four significant
figures.

g131 Any measurement in a vertical velocity, mean velocity, or discharge curve whose per cent of error
is five times the average per cent of error of all the other measurements should be rejected.

4. In reducing the number of significant figures, or the number of decimal places, by dropping the last
figure, the following rules apply:

(@) When the figure in the place to be rejected is less than 5, drop it without changing the preceding
figure. Example: 1,827.4 becomes 1,827.

(&) When the figure in the place to be rejected is greater than 5, drop it and increase the preceding
figure by 1. Example: 1,827.6 becomes 1,828,

(¢) When the figure in the place to be rejected is 5, and it is preceded by an even figure, drop the 5.
Example: 1,828.5 becomes 1,828.

(d) When the figure in the place to be rejected is 5, and it is preceded by an odd figure, drop the 5 and
increase the preceding figure by 1. Example: 1,827.5 becomes 1,828.

Special rules jor computation.

1. Rating tables are to be constructed as closely as the data on which they are based will warrant
No decimals are to be used when the discharge is over 50 second-feet.

2, Daily discharges shall be applied directly to the gage heights as they are tabulated.

3. Monthly means are to be carried out to one decimal place when the quantities are below 100 second-
feet. Between 100 and 10,000 second-ieet, the last figure in the monthly mean shall be a significant figure.
This also applies to the yearly mean. N .

4. Second-feet per square mile and depth in inches for the individual months shall be carried out to at
least three significant figures, except in the case of decimals where the first significant figure is preceded
by one or more naughts (0), when the quantity shall be carried out to two significant figures. Fxam-
ple: 1.25; 125, 012, .0012, The yearly means for these quantities are always to be expressed in three
significant figures and at least two decimals places.
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CONVENIENT EQUIVALENTS.

1 second-foot equals 50 California miner’s inches.

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per minute; equals
646,272 gallons for one day.
%, 1 second-foot equals 6.23 British imperial gallons per second.

1 second-foot for one year covers 1 square mile 1.131 feet deep, or 13.572 inches deep.

1 second-foot for one year equals 0.000214 cubie mile; equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.

1 second-foot falling 10 feet equals 1.136 horsepower.

100 California miner’s inches equals 15 United States gallons per second.

100 California miner’s inehes equal 77 Colorado miner’s inches.

100 California miner’s inches for one day equal 4 acre-feet.

100 Colorado miner’s inches equal 2.60 second-feet.

100 Colorado miner’s inches equal 19.5 United States galions per second.

100 Colorado miner’s inches equal 130 California miner’s inches.

100 Colorado miner’s inches for one day equal 5.2 acre-feet.

100 United States gallons per minute equal 0.223 second-foot.

100 United States gallons per minute for one day equal 0.44 acre-foot.

1,000,000 United States gallons per day equal 1.55 second-feet.

1,000,000 United States gallons equal 3.07 acre-feet.

1,000,000 cubic feet equal 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

1 inch deep on 1 square mile equals 2,323,200 cubic feet.

1 inch deep on 1 square mile equals 0.0737 second-foot per year.

1 inch equals 2.54 centimeters.

1 foot equals 0.3048 meter.

1 yard equals 0.9144 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 1,760 yards; equals 5,280 feet; equals 63,360 inches.

1 square yard equals 0.836 square meter.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet; equals 4,840 square yards.

1 acre equals 209 feet square, nearly.

1 square mile equals 259 hectares.

1 square mile equals 2.59 square kilometers.

1 cubie foot equals 0.0283 cubic meter.

1 cubic foot equals 7.48 gallons; equals 0.804 bushel.

1 cubic foot of water weighs 62.5 pounds.

1 cubie yard equals 0.7646 cubic meter.

1 cubic mile equals 147,198,000,000 cubic feet.

1 cubic mile equals 4,667 second-feet for one year.

1 gallon equals 3.7854 liters.

1 gallon equals 8.36 pounds of water.

1 gallon equals 231 cubie inches (liguid measure).

1 pound equals 0.4536 kilogram.

1 avoirdupois pound equals 7,000 grains.

1 troy pound equals 5,760 grams.

1 meter equals 39.37 inches. Log. 1.5951654.

1 meter equals 3.280833 feet. Log. 0.5159842.

1 meter equals 1.093611 yards. Log. 0.0388629.

1 kilometer equals 3,281 feet; equals five-eighths mile, nearly.

1 square meter equals 10.764 square feet; equals 1.196 square yards.

1 hectare equals 2.471 acres.

1 cubic meter equals 35.314 cubic feet; equals 1.308 cubic yards.

1 liter equals 1.0567 quarts.

1 gram equals 15.43 grains.

1 kilogram equals 2.2046 pounds.

1 tonneau equals 2,204.6 pounds.

1 foot per second equals 1.097 kilometers per hour.

1 foot per second equals 0.68 mile per hour. .

1 cubic meter per minute equals 0.5886 second-foot. -

1 atmosphere equals 15 pounds per square inch; equals 1 ton per square foot; equals 1 kilogram per
square centimeter.

Acceleration of gravity equals 32.16 feet per second every seconda

1 horsepower equals 550 foot-pounds per second.
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1 horsepower equals 76 kilogram-meters per second.
1 horsepower equals 746 watts.
1 horsepower equals 1 second-foot falling 8.8 feet.
1% horsepowers equal about 1 kilowatt.
To calculate water power quickly: Sec.—ft. X fall in feet = Net horsepower on water wheel, realizing
1
80 per cent of the theoretical power. o
Quick formula for computing discharge over weirs: Cubic feet per minute equals 0.4025 Iy’ 231 = length
. of weir in inches; h=head in inches flowing over weir, measured from surface of still water.
To change miles to inches on map:
Seale 1 :125000, 1 mile=0.50688 inch.
Scale 1 :90000, 1 mile=0.70400 inch.
Scale 1:62500, 1 mile=1.01376 inches.
Scale 1 :45000, 1 mile=1.40800 inches.

FIELD METHODS OF MEASURING STREAM FLOW.

The methods used in collecting these data and in preparing them for publication are given
in detail in Water-Supply Papers No. 94 (Hydrographic Manual, U. 8. Geological Survey)
and No. 95 (Accuracy of Stream Measurements). In order that those who use this report
" may readily become acquainted with the general methods employed, the following brief
description is given: .

Streams may be divided, with respect to their physical conditions, into three classes—(1)
those with permanent beds; (2) those with beds which change only during extreme low or
high water; (3) those with constantly shifting heds. In estimating the daily flow special
methods are necessary for each class. The data on which these estimates are based and the .
methods of collecting them are, however, in general the same.

There are three distinct methods of determining the flow of open-channel streams—(1)
by measurements of slope and cross section and the use of Chezy’s and Kutter’s formulas;
(2) by means of a weir; (3) by measurements of the velocity of the current and of the area
of the cross section. The method chosen for any case depends on the local physical condi-
tions, the degree of accuracy desired, the funds available, and the length of time that the
record is to be continued.

Slope method.—Much information has been collected relative to the coefficients to be used
in the Chezy formula,v = ¢/ rs. This has been utilized by Kutter, both in developing his
formula for ¢ and in determining the values of the coefficient » which appears therein. The
results obtained by the slope method are in general only roughly approximate, owing to the
difficulty in obtaining accurate data and the uncertainty of the value for n to be used in
Kutter’s formula. The most common use of this method is in estimating the flood discharge
of a stream when the only data available are the cross section, the slope as shown by marks
along the bank, and a knowledge of the general conditions.

W eir method.—When funds are available and the conditions are such that sharp-crested
weirs can be erected, these offer the best facilities for determining flow. If dams are suitably
situated and constructed they may be utilized for obtaining reliable estimates of flow. The
conditions necessary to insure good results may be divided into two classes—(1) those relat-
ing to the physical characteristics of the dam itself, and (2) those relating to the diversion
and use of water around and through the dam.

The physical requirements are as follows: (a) Sufficient height of dam, so that backwater
will not interfere with free fall over it; (b) absence of leaks of appreciable magnitude; ()
topography or abutments which confine the flow over the dam at high stages; (d) level
crests, which are kept free from obstructions caused by floating logs or ice; (e) crests of a
type for which the coefficients to be used in Q= ¢ b A%, or some similar standard weir for-
mula, are known (see Water-Supply Paper No. 150); (f) either no flash boards or excep-
tional care in reducing leakage through them and in recording their condition.

Preferably there should be no diversion of water through or around the dam. Generally,
however, a dam is built for purposes of power or navigation, and part or all of the water
flowing past it is diverted for such uses. This water must be measured and added to that
passing over the dam. To insure accuracy in such estimates the amount of water diverted
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should be reasonably constant. Furthermore, it should be so diverted that it can be meas-
ured, either by a weir, by a current meter, or by a simple system of water wheels which are
of standard make or which have been rated as meters under working conditions and
so installed that the gate openings, the heads under which they work, and their angular
velocities may be accurately observed. ' '

The combination of physical conditions and uses of the water should be such that the esti-

mates of flow will not involve, for a critical sté,ge of considerable duration, the use of a head,
on a broad-crested dam, of less than 6 inches. Moreover, when all other conditions are
good, the cooperation of the owners or operators of the plant is still essential if reliable results
are to be obtained. .

A gaging station at a weir or dam has the general advantage of continuity of record
through the perieds of ice and floods, and the disadvantages of uncertainty of coefficient to
be used in the weir formula and of complications in the diversion and use of the water.

Velocity method.—The determination of the quantity of water flowing past a certain sec-
tion of a stream at a given time is termed a discharge measurement. This quantity is the
product of two factors—the mean velocity and the area of the cross section. The mean
velocity is a function of surface slope, wetted perimeter, roughness of bed, and the channel
conditions at, above, and below the gaging section. The area depends on the contour of the

bed and the fluctuations of the surface. The two principal ways of measuring the velocity ~

of a stream are by floats and current meters.

Fia. 1.—Cable sté,tion, showing section of river, car, gage, etc.

Great care is taken in the selection and equipment of gaging stations for determining dis-
charge by velocity measurements in order that the data may have the required degree of
accuracy. Their essential requirements are practically the same, whether the velocity is
determined by meters or floats. They are located as far as possible where the channel is
straight both above and below the gaging section; where there are no cross currents, back-
water, or boils; where the bed of the stream is reasonably free from large projections of a
permanent character; and where the banks are high and subject to overflow only at flood
stages. The station must be so far removed from the effects of tributary streams and dams
or other artificial obstructions that the gage height shall be an index of the discharge.

Certain permanent or semipermanent structures, usually referred to as ‘“‘equipment,”’
are generally appurtenant to a gaging station. These are a gage for determining the fluc-
tuations of the water surface, bench marks to which the datum of the gage is referred, per-
manent marks on a bridge or a tagged line indicating the points of measurement, and, where
the current is swift, some appliance (generally a secondary cable) to hold the meter in posi-
tion in the water. As a rule the stations are located at bridges if the channel conditions are
satisfactory, as from them observations can more readily be made and the cost of equipment
is small.

The floats in common use are the surface, subsurface, and tube or rod floats. A corked
bottle with a flag in the top and weighted at the bottom makes one of the most satisfactory
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surface floats, as it is affected but little by wind. In case of flood measure?n\ents; good
results can be obtained by observing the velocity of floating cakes of ice or débris. In all
surface float measurements coefficients must be used to reduce the observed velocity to the
mean velocity. The subsurface and tube or rod floats are intended to give directly the mean
velocity in the vertical. Tubes give excellent results when the channel conditions are good,
as in canals.

In measuring velocity by a float, observation is made of the time taken by the float to pass
over the “run,” a selected stretch of river from 50 to 200 feet long. In each discharge
measurement a large number of velocity determinations are made at different points across
the stream, and from these observations the mean velocity for the whole section is deter-
mined. This may be done by plotting the mean positions of the floats as indicated by the
distances from the bank as ordinates and the corresponding times as abscissas. A-curve
through these points shows the mean time of run at any point across the stream, and the
mean time for the whole stream is obtained by dividing the area bounded by this curve and
its axis by the width. The length of the run divided by the mean time gives the mean
velocity.

The area used in float measurements is the mean of the area at the two ends of the run
and at several intermediate sections.

The essential parts of the current meters in use are a wheel of some type, so constructed
that the impact of flowing water causes it to revolve, and a device for recording or indicating
the number of revolutions. The relation between the velocity of the moving water and the
revolutions of the wheel is determined for each meter. This rating is done by drawing the
meter through still water for a given distance at different speeds and noting the number of
revolutions for each run. From these data a rating table is prepared which gives the velocity
per second for any number of revolutions.

Many kinds of current meters have been constructed. They may, however, be classed 1n
two general types—those in which the wheel is made up of a series of cups, as the Price, and
those having a screw-propeller wheel, as the Haskell. Each meter has been developed for
use under some special condition. In the case of the small Price meter, which has been
largely developed and extensively used by the United States Geological Survey, an attempt
has been made to get an instrument which could be used under practically all conditions.

Current-meter measurements may be made from a bridge, cable, or boat or by wading,

- and gaging stations may be classified in accordance with such use. Fig. 1 shows a typica.
cable station.

In making the measurement an arbitrary number of points are laid off on a line perpen-
dicular to the thread of the stream. The points at which the velocity and depth are observed
are known as measuring points, and gre usually fixed at regular intervals, varying from 2
to 20 feet, depending on the size and condition of the stream. Perpendiculars dropped
from the measuring points divide the gaging section into strips. For each strip or pair of
strips the mean velocity, area, and discharge are determined independently, so that con-
ditions existing in one part of the stream may not be extended to parts where they do not
apply.

Three classes of methods of measuring velocity with current meters are in general use—
multiple-point, single-point, and integration.

The three principal multiple-point methods in general use are the vertical velocity-curve,
0.2 and 0.8 depth, and top, bottom, and mid depth.

In the vertical velocity-curve method a series of velocity determinations are made in each
vertical at regular intervals, usually from 0.5 to 1 foot apart. By plotting these velocities
as abscissas and their depths as ordinates and drawing a smooth curve among the resulting
points the vertical velocity-curve is developed. This curve shows graphically the magni-
tude and changes in velocity from the surface to the bottom of the stream. The mean
velocity in the vertical is then obtained by dividing the area bounded by this velocity curve
and its axis by the depth. On account of the length of time required to make a complete
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measurement by this method its use is limited to the determination of coefficients for pur-
poses of comparison and to measurements under ice.

In the second multiple-point method the meter is held successively at 0.2 and 0.8 of the
depth and the mean of the velocities at these two points is taken as the mean velocity for
that vertical. This method is based on the assumption that the vertical velocity-curve is a
common parabola, in which the mean ordinate equals the mean of the ordinates at 0.2211
depth and at 0.7886 depth. Actual observations show that this law holds very closely.

In the third multiple-point method the meter is held at mid depth at 0.5 foot below the
surface and at 0.5 foot above the bottom, and the mean velocity is determined by dividing
by 6 the sum of the top velocity, four times the mid depth velocity, and the bottom velocity.
This method may be modified by observing at 0.2, 0.6, and 0.8 depth.

The single-point method consists in holding the meter either at the depth of the thread of
mean velocity or at an arbitrary depth for which the coefficient for reducing the mean
velocity has been determined.

Extensive experiments by vertical velocity-curves show that the thread of mean velocity
generally occurs at from 0.5 to 0.7 of the total depth. In general practice the thread of mean
velocity is considered to be at 0.6 depth, at which point the meter is held in a majority of the
measurements. A large number of vertical velocity-curve measurements taken on many
streams under varying conditions show that the average coefficient for reducing the velocity
obtained at 0.6 depth to mean velocity is practically unity.

In the other principal single-point method the meter is held near the surface, usually 1
foot below, or low enough to be unaffected by the wind or other disturbing influences.
This is known as the subsurface method. The coefficient for reducing the velocity taken
at the subsurface to the mean has been found to be from 0.85 to 0.95, depending on the stage,
velocity, and channel conditions. The higher the stage the larger the coefficient. This
method is specially adapted for flood measurements or when the velocity is so great that the
meter can not be kept at 0.6 depth.

The vertical-integration method consists in moving the meter at a slow uniform speed
from the surface to the bottom and back again to the surface and noting the number of revo-
lutions and the time taken in the operation. This method hasthe advantage that the velocity
at each point of the vertical is measured twice. It is well adapted for measurements under
ice and as a check on the point methods. -

The area, which is the other factor in the velocity method of determining the discharge of
a stream, depends on the stage of the river, which is observed on the gage, and on the gen-
eral contour of the bed of the stream, which is determined by soundings. The soundings
are usually taken at each measuring point at the time of the discharge measurement, either
by using the meter and cable or by a special sounding line or rod. For streams with perma-~
nent beds standard cross sections are usually taken during low water. These sections serve
to check the soundings which are taken at the time of the measurements and from them any
change which may have taken place in the bed of the stream can be detected. They are also
of value in obtaining the area for use in computations of high-water measurements, as aceu-
rate soundings are hard to obtain at high stages.

In computing the discharge measurements from the observed velocities and depths at
various points of measurement the measuring section is divided into elementary strips, as
shown in fig. 1, and the mean velocity, area, and discharge are determined separately for
either a single or a double strip. The total discharge and the area are the sums of those -
for the various strips, and the mean velocity is obtained by dividing the total discharge by
the total area.

The determination of the flow of an ice-covered stream is difficult, owing to diversity and
instability of conditions during the winter period, and also to the lack of definite information
in regard to the laws of flow of water under ice. The method now employed is to make fre-
quent discharge measurements during the frozen periods by the vertical velocity-curve
method, and to keep an accurate record of the conditions, such as the gage height to the sur-
face of the water as it rises in a hole cut in the ice, the thickness and character of the ice, etc.
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From these data an approximate estimate of the daily flow can be made by constructing a
rating curve (really a series of curyes) similar to that used for open channels, but considering,
in addition to gage heights and discharge, varying thickness of ice. Such data as are avail-
able in regard to this subject are published in Water-Supply Paper No. 146, pp. 141-148.

OFFICE METHODS OF COMPUTING RUN-OFF.

There are two principal methods of estimating run-off, depending on whether or not the
bed of the stream is permanent.

For stations on streams with permanent beds the first step in computing the run-off is the
construction of the rating table, which shows the discharge corresponding to any stage of
the stream. This rating table is applied to the record of stage to determine the amount of
water flowing. The construction of the rating table depends on the method used in méas-
uring flow. ’

For a station at a weir or dam, the basis for the rating table is some standard weir formula.
The coeflicients to be used in its application depend on the type of dam and other conditions
near its crest. After inserting in the weir formula the measured length of crest and assumed
coefficient, the discharge is computed for various heads, and the rating table considered.
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Fi6. 2.—Discharge, mean-velocity, and area curves for South Fork of Skykomish River near Index,
Wash,

The data necessary for the construction of a rating table for a velocity-area station are the
results of the discharge. measurements, which include the record of stage of the river at the
time of measurement, the arca of the cross section, the mean velocity of the current, and the
quantity of water flowing. A thorough knowledge of the conditions at and in the vicinity
of the station is also necessary.

The construction of the rating table depends on the following laws of flow for open per-
manent channels: (1) The discharge will remain constant so long as the conditions at or near
the gaging station remain constant. (2) The discharge will be the same whenever the
stream is at a given stage, if the change of slope due to the rise and fall of the stream be
neglected. (3) The discharge is a function of and increases gradually with the stage.

The plotting of results of the various discharge measurements using gage heights as ordi-
nates, and discharge, mean velocity, and area as abscissas, will define curves which show the
discharge, mean velocity, and area corresponding to any gage height. For the development
of these curves there should be therefore s sufficient number of discharge measurements to
cover the range of the stage of the stream. Fig. 2 shows a typical rating curve with its cor-
responding mean veloclty and area curves.
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As the discharge is the product of two factors, the area and the mean velocity, any change
in either factor will produce a corresponding change in the discharge. Their curves are
therefore constructed in order to study each independently of the other.

The area curve can be definitely determined from accurate soundings extending to the
limits of high water. It is always concave toward the horizontal axis or on a straight line,
unless.the banks of the stream are overhanging.

The form of the mean velocity-curve depends chiefly on the surface slope, the roughness
of the bed, and the cross section of the stream. Of these, the slope is the principal factor.
In accordance with the relative chan®®of these factors the curve may be a straight line, con-
vex or concave toward either axis, or a combination of the three. From a careful study of
the conditions at any gaging station the form which the vertical velocity-curve will take can
be predicted, and it may be extended with reasonable certainty to stages beyond the limits
of actual measurements. Its principal use is in connection with the area curve in locating
errors in discharge measurements and in constructing the rating table.

The discharge curve is defined primarily by the measurements of discharge, which are
studied and weighted in accordance with the local conditions existing at the time of each
measurement. The curve may, however, best be located between and beyond the measure-
ments by means of curves of area and mean velocity. The discharge curve under normal
conditions is concave toward the horizontal axis and is generally parabolic in form.

In the preparation of the rating table the discharge for each tenth or half tenth on the
gage is taken from the curve. The differences between successive discharges are then taken
and adjusted according to the law that they shall either be constant or increasing.

The determination of daily discharge of streams with changeable beds is a difficult prob-
lem. In case there is a weir or dam available, a condition which seldom exists on streams of
this class, estimates can be obtained by its use. In case of velocity-area stations frequent
discharge measurements must be made if the estimates are to be other than rough approxi-
mations. For stations with beds which shift slowly or are materially changed only during
floods, rating tables can be prepared for periods between such changes and satisfactory
results obtained with a limited number of measurements, provided that some of them are
taken soon after the-change occurs. For streams with continually shifting beds, such as the
Colorado and Rio Grande, discharge measurements should be made every two or three days,
and the discharges for intervening days obtained either by interpolation modified by gage
height, or by Professor Stout’s methed, which has been described in full in the Nineteenth
Annual Report, Part IV, page 323, and in Engineering News of April 21, 1904. This method,
or a graphic application of it, is also much used in estimating flow at stations where the bed
shifts but slowly.
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department of the University of North Dakota.
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GENERAL FEATURES OF THE MISSOURI RIVER DRAINAGE.

Missouri River and its innumerable tributaries drain an immense area in the northern
and western section of the United States. The northern boundary of this area is approxi-
mately the fiftieth parallel, the southern the thirty-ninth; its western limit is the Rocky
Mountain region, while to the east the divide between this basin and that of the upper Mis-
sissippi crosses eastern North and South Dakota, western Iowa, and northeastern Missouri.
Its extent east and west is about 900 miles; north and south it is 600 miles; the basin com-
prises a total of 492,000 square miles.

The topography of the basin is of the most varied character, ranging from the mountain-
ous regions of Montana, Wyoming, and Colorado to the rolling prairies of the Dakotas,
Nebraska, and Kansas. The upper tributaries drain a forested region, but the main stream
flows through a country almost wholly devoid of forests. The precipitation in the moun-
tainous portion of the basin is mainly in the form of heavy snowfall, but a great part of the
area lies w1thm the arid and semiarid regions, and it is probable that the average annual
preclpltatwn throughout the entire basin is less than 20 inches.

The tributaries are mostly in the upper course of the river and from the western side of
the basin. The most important of these tributaries are Mussellshell, Marias, Milk, Yellow-
stone, Cheyenne, Platte, and Kansas rivers.

The work of the United States Geological Survey in this drainage area durmg 1905 is set
forth in the following pages:

. MISSOURI RIVER.

DESCRIPTION OF BASIN.

Missouri River proper is formed in southwestern Montana by the union of three streams
which were discovered by Lewis and Clark in 1806 and named by them Jeflerson, Madison,
and Gallatin rivers. Jefferson and Madison forks come together first, and within 2 miles
they are joined by the Gallatin. The head of the Missouri thus formed lies in about latitude
45° 56’ north and longitude 111° 32’ west. Bach of the three headwater rivers is about 96

@ Distriet hydrographer for Missouri during 1906, A. H. Horton, 876 Federal Building, Chicago, TIL ,

b District hydrographer for 1906, Adna Dobson, State engineer, meoln, Nebr.

¢ District hydrographer for Monta,na northwestern Minnesota, North Dakota, and northernp Wyo-
ming, 1906, H. M. Morse, Huntley, Mont,

d District hydrographer for 1906, J. E. Stewart, Belle Fourche, S. Dak.
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feet wide, lows with great velocity, and discharges large quantities of water. The Gallatin
is the most rapid of the three. The beds of all are formed of smooth pebbles and gravel and
the waters are perfectly transparent.

From the junction of the three forks the course of the Missouri lies through mountain val-
leys and deep canyons, from which it finally issues through a gorge in a range of rocks, called
by Lewis and Claik the ‘“‘gates of the Rocky Mountains.” Thirty-five miles above Fort
Benton the river pours over Great Falls and from that point onward it is a navigable stream.
For miles below the falls the river flows in a deep canyon, with banks ranging from 100 to 160
feet in height. Below the mouth of Marias River, which enters from the north, the banks
are less abrupt and rise with gentle slopes to the bluffs. The high-water width of the river,
which in the vicinity of Fort Benton is 500 to 1,000 feet, increases to 1,500 feet at the
mouth of Milk River and to 2,000 feet near the mouth of the Yellowstone. Below the Yel-
lowstone the width gradually increases from 2,000 to 3,000 feet, and this remains approxi—
mately the average width for 600 miles of its course.

From the mouth of the Yellowstone the Missouri follows a winding but on the whole
southeasterly course until it is joined by the Kansas; thence it flows more to the east across
the State of Missouri, and empties into the Mississippi 16 miles above St. Louis, 189 miles
above the mouth of the Ohio, and 2,824 miles below the junction of its three upper forks.

For the first 350 miles below the union of the three forks the Missouri is a comparatively
clear stream, but approximately midway between the forks and the mouth of the Yellow-
stone its character gradually changes and it becomes turbid. Although a large amount
of the sediment carried by the Missouri is undoubtedly brought in by the drainage of its
tributaries, the greater part is derived from the caving of its banks.

The volume of the Missouri is subject to great variations, the ordinary high-water dis-
charge at the mouth being about 28 times the low-water discharge. The freshets are caused
by melting snow and heavy summer rains. The amount of snow falling on the prairies is

usually small, but among the Rocky Mountains the snows begin early, continue late, and
* accumulate to great depths. The regular floods oceur in May and June, the June rise being
as a rule higher and lasting longer. Thereafter the river steadily decreases in volume, the
minimum being reached during the winter months.

Except in the mountain canyons the Missouri flows through an alluvial bottom land of the
most fertile character, varying in width from 14 miles near the mouth to 17 miles in the
vicinity of Sioux City. Through this flood plain the river winds back and forth, leaving
tongues of land alternately on either side, stretching out from one bluff to within a few thou-
sand feet of the other. In the vicinity of St. Joseph the Missouri is said to make eight com-
plete crossings within a distance of 30 miles, measured in the direction of its general course.

Irrigation is practiced on various tributaries of the stream and agriculture has been exten-
sively developed in several of the valleys. The Missouri itself has not been used for irriga-
tion, owing to its high banks and the consequent difficulty of diversion.

Information in regard to this basin is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: Ann 11, ii, pp 42-43; 12, ii, pp 236-237; 13, iii, pp 34-35; 22, iv, p 280; WS 84, pp 13-14; 99,
PP 34-36; 130, pp 68-69.

Irrigation surveys in, engineering features: Ann 11, ii, pp 114-133; 13, iii, pp 34-63, 53-54.

Rainfall data: Ann 13, iii, pp 39-41; 20, iv, p 235; WS 75, pp 114-116.
Rainfall and run-off relation: Ann 20, iv, pp 232-235; WS 75, pp 117-118.

JEFFERSON RIVER NEAR SAPPINGTON, MONT.

This station was established November 13, 1894, and was discontinued December 31, 1905.
It is located 1 mile north of the railroad station at Sappmgton, Mont., and 7 miles above
Willow Creek.

The channel is straight for 500 feet above and below the station. Both banks are com-
posed of clay and are covered with willows and underbrush; the right bank may overflow at
extremely high water. The bed is smooth and regular and is covered with gravel. The
current is swift and entirely free from eddies. The section is an excellent one.
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Until June 15, 1904, discharge measurements were made by means of a cable situated
about 300 feet above the old wooden bridge of the Northern Pacific Railway: ~On that date
the cable station was destroyed and for a time measurements were made from the lower side
of the railroad bridge. The new cable put in November 1, 1904, was placed about 500 feet
above the old one, on account of the building of a new railroad bridge at the former site.

During 1905 the gage was read twice daily up to April 1 by John Fraser and from April 1
to November 11 by L. T. Hare, the agent of the Northern Pacific Railway at Sappington;
after the latter date observations were taken once each day. The original gage was a verti-
cal staff fastened to the middle pier of the Northern Pacific Railway bridge. November 3,
1897, the gage datum was lowered 0.80 foot. Readings for the subsequent years were
adjusted to the new datum, but those for the rest of 1897 were corrected to agree with the
old datum. Later a chain gage was fastened to the upstream side of the old railroad bridge;
the length of the chain was 16.30 feet. June 14, 1905, the gage was moved to the down-
stream side of the new railroad bridge, 200 feet above; the new chain length is 24.31 feet.
The same datura was used for the new gage, and as the water surface is 0.03 foot higher at
this point, there was an increase of 0.03 foot in the gage readings. All readings, however,
have been referred to the old datum. Bench marks Nos. 1, 2, and 3 are unreliable and two
additional bench marks have been established, as follows: (4) A cross on top of the coping
at the northwest corner of a small concrete culvert 800 feet east of the old railroad bridge;
elevation, 11.57 feet. (5) A flat notch cut in the sloping surface on the lower wing wall of
the east abutment of the Northern Pacific Railway bridge, about 4 feet from the lower
corner, marked *U. 8. G. S. B. M.;” elevation, 11.62 feet. Elevations are above the zero
of the gage.

Information in regard to this station is contained in the following publictions of the
United States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-
Supply Paper):’

Descripi;ion: Ann 18, iv, pp 134-135; 19, iv, p 281; Bull 131, p 22; 140, pp 92-93; WS 15, pp 70-71; 27,
p 68; 37, pp 206-207; 49, p 264; 66, p 19; 84, pp 47—48; 99, p 133; 130, pp 85-86.

Discharge: Ann 18, iv, p 135; Bull 131, pp 22, 92; 140, p 93; WS 15, p 71; 27, pp 74-75; 37, p 207; 49, p 264;
66, p 20; 84, p 48; 99, p 133; 130, p 86. .

Discharge, monthly: Ann 18, iv, p 136; 19, iv, p 282; 20, iv, pp-234, 238; 22, iv, p 285; WS 75, pp 117, 120;
84, p 49; 99, p 135; 130, p 88. .

Discharge, yearly: Ann 20, iv, p 53.

Gage heights: WS 11, p 49; 15, p 71; 27, p 71; 37, p 207; 49, p 264; 66, p 20; 84, p 48; 99, p 134; 130, p 87.

Hydrographs: Ann 19, iv, p 283; 20, iv, p 238; 22, iv, pp 286, 287; WS 75, p 120.

Rainfall and run-off relation: Aan 20, iv, p 235; WS 75, p 118.

Rating tables: Ann 18, iv, p 135; 19, iv, p 282; WS 27, p 75; 52, p 516; 66, P 170; 84, p 48; 99, p 134;
130, p 87.

. Discharge measuremenis of Jefferson River near Sappington, Mont., in 1905.

Date. Hydrographer. Width.| Area of | Mean | Gage. Dis-

| section. | velocity.| height. | charge.
Ft. per,
Feet, Sq. ft. sec. Feet. Sec.-ft.
L. R. Stockman. . 250 631 2.01 2.20 1,267
.| J. H. Sloan eeeaas 250 705 2.06 2.32 ) 1,454
250 581 2,11 2,05 1,224
252 1,172 3.52 4.02 4,122
July 8. .. 255 887 2.38 2.82 2,112
August4._..... . 248 558 1.76 1.92 983
September 7... I om7| sm 1.56 1.50 |- 588
September 21 .. 247 363 1.33 1.37 -484
October 27..... .M. . 250 583 1.99 2.15 1,159
November 16 . . 250 646 2.03 2.25 |- 1312
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Daily gage height, in feet, of Jefferson River near Sappington, Mont., for 1905.

15

1
Day. } Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug: | Sept. | Oct. I\;ov. Dec.
6.35 | 4.35| 5.2 2.2 2.4 2.15| 3.7 1.95| 1.5 1.5 1.95° 2.6
5.3 4.3 5.2 2.2 2.45| 2.35| 3.6 1.9 L5 1.5 2.1 2.6
5.4 4.3 53 | 2.1 2.4 2.4 3.6 1.9 1.5 1.5 2.15 2.6
[ T, 5.3 4.3 53 | 2.1 2.35| 2.6 3.55| 1.8 | 15 1.5 2.15 2.6
5.3 4.55 | 3.35 | 2.1 2.3 2.8 3.4 1.8 1.5 1.6 2.15 2.6
5.15 | 4.7 2.65| 2.1 2.3 3.15| 3.2 1.75] 1.5 1.6 2.15 2.5
5.25|' 4.8 2.5 | 2.15| 2.2 3.35| 3.0 1.7 1.5 1.6 2.15 2.5
5.3 | 4.8 2.3 | 2.2 2.1 3.4 2.75 | 1.6 1.5 1.6 2.25 2.5
53 | 4.9 2.3 | 2.4 2.1 3.5 2.65 | 1.6 1.4 1.6 2.25 2.5
5.05| 4.9 2.3 2,55 2.2 3.55 ( 2.55| 1.6 1.4 1.6 | 2.25 2.5
4.95 (. 4.9 2.3 2.6 2.2 3.6 2.45 | 1.55| L4 1.6 2.15 2.6
2.95| 4.8 2.15| 2.5 2.2 3.7 2.35| 1.6 1.4 1.6 2.15 2.6
2.7 4.8 2.2 2.5 2.15; 3.8 2.25 1.5 1.4 1.65| 2.15 2.7
2.7 4.55 | 2.2 2.4 2.1 3:9 2.1 1.5 1.4 1.7 2.25 2.8
2.8 4.5 2.35 | 2.4 2.05( 3.95| 2.1 L5 1.4 1.7 2.25 3.0
3.2 4.6 2.4 2.4 2.0 3.8 2.2 15 1.4 | L7 2.25 3.2
3.85 | 4.6 2.45| 2.5 1.95{ 3.6 2.3 1.5 1.4 1.7 2.4 3.73
4.75- 4.6 2.5 2.5 2.0 3.3 23 1.5 1.4 1.8 2.4 3.4
5.35 ] 4.8 2.5 2.5 2.1 3.25| 2.3 1.5 1.4 1.8 2.4 3.1
5.3 4.9 2.5 2.5 2.1 3.2 2.3 L5 1.3 1.8 2.4 3.0
5.2 5.0 2,55 2.55! 2.15| 3.1 | 2,25 1.4 1.3 1.85| 2.4 2.8
5.2 . 515| 245] 27 | 2.25| 3.0 | 2.1 | 1.4 | 1.3 | 1.85| 2.4 2.8
5.2 5.2 2.4 2.7 2.3 3.0 2.1 1.4 1.3 1.9 2.4 2.7
525 | 5.1 2.4 2.7 2.37| 3.45| 1.95 1.4 1.3 1.95 2.4 2.7
5.3 5.15 | 2.3 | 2.7 2.2 3.65| 17| 1.3 1.4 2.05| 2.4 2.7
5.3 5.15 | 2.3 2.7 2.15| 415| L75| 1.35| L4 2.05 | 2.4 2.8
5.35| 5.2 2.35 | 2.7 2.15| 465| 1L75| L35| 135 2.1 2.4 3.0
5.4 5.2 2.2 2.75 | 2.05 | 4.7 1.85| 1.55| 1.3 2,15 | 2.4 3.2
5.4 ....... 2.2 2.6 2.1 4.45) 2.0 1.6 1.35) 2.05| 2.5 3.3
5.4 |....... 2.2 2.55 | 2.0 3.951 2.0 1.55 1.5 1.95| 2.5 3.2
4.8 |....... 2.2 {...... 2.0 |....... 2.0 L5 |....... 1.95 |....... 3.0

Nore.—River partly gorged January 1 to March 6; probably also gorged somewhat during December.

Station rating table for Jefferson River near Sappington, Mont., from January 1 to Decem-
‘ ber 31, 1905.

hgriag ¢ | Discharge. hgiz'%i. Discharge. hgé%‘; Discharge. hgiag%%. Discharge.
Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
+, 120 405 2.40 1,485 3.60 3,425 4.80 5,675
1.30 465 2.50 1,625 3.70 3,605 4.90 5,865
1.40 530 2.60 1,775 3.80 - 3,785 5.00 6,055
1.50 600 2.70 1,925 3.90 3,965 5.20 6,445
1.60 675 2.80 2,085 4.00 4,155 5.40 6,845
1.70 755 2.90 2,245 4.10 4,345 5.60 7,255
1.80 840 3.00 2, 405 4.20 4,535 5.80 7,675
1.60 930 3.10 2,565 4.30 4,725 6.00 8,095
2.00 1,025 3.20 2,735 4. 40 4,915 6.20 8,535
2.10 1,125 3.30 2,905 4.50 5,105 6.40 8,975
2.20 1,235 3.40 3,075 4.60 5,295
2.30 1,355 3.50 3,245 4.70 5, 485
The above table is applicable only for open-channel conditions. 1t is based on 17 discharge measure-

ments made during 1

, and is well defined throughout.
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Estimated monthly discharge of Jeffirson River near Sappington, Mont., for 1905.

[Drainage atea, 8,981 square miles.]

Y Discharge in second-feet. . Run-off.
Month. Total in
Maximum.| Minimum. | Mean, | 2CTe-feet. %Zcrogg?u;ere: Depth in
mile.
March 7-31...................... 1,700 1,180 1,413 70,070 0.157 0.146
April......... 2,005 1,125 1,578 93, 900 .176 .196
May.......... 1,555 978 1,214 74,650 .135 . 156
June.......... 5,485 1,180 3,206 190, 800 .357 .398
July.......... 3,605 798 1,665 102, 400 L1851 .213
August....... 978 498 658 40, 460 .073 .084
September.... 600 465 536 31,890 . 060 .067
October.._... 1,180 600 814 50,060 .091 .105
November... .. .......... ... 1,625 978 1,346 80, 090 . 150 .167
The period......... PPN | .................................. 734,300 | o

NoTE.—No estimate for ice period.
MADISON RIVER (INCLUDING CHERRY CREEK) NEAR NORRIS, MONT.

This station was established May 2, 1897, when the old station at Three Forks was discon-
tinued. The gage is situated at Black’s ranch, 12 miles north of Norris and 25 miles west of
Bozeman; the measuring section is located at the point where the river emerges from the
canyon, about 4 miles above the gage.

The channel is curved both above and below the measuring section, but the bridge is at
a right angle to the current. Both banks are high and rocky and do not overflow. The
bed of the stream is rocky and the current is swift.

Discharge measurements are made from the lower side of the steel highway bridge. The
initial point for soundings is at the left abutment.

The gage at Black’s ranch, which is observed twice daily by Mrs. 8. A. Black, is a vertical
rod fastened to a post firmly set in the bed of the river at the right bank and braced with
cross-pieces from the bank. It is about 125 yards west of the house of the observer. The
gage is referred to bench marks as follows: (1) Top of large granite bowlder, marked with
a spot of black paint, 20 feet south of the gage rod and 8 feet east of the river bank; eleva-
tion, 6.86 feet. (2) Top of white granite bowlder, marked with black paint, on the river
bank 250 feet west of the gage; elevation, 8.82 feet. Elevations.are above the zero of the
gage.

Between the bridge and the gage, about 1} miles above the latter, Cherry Creek enters the
river from the right. Inorder todetermine the total amount of water flowing past the gage,
measurements of this creek are always made when the river is measured, and the result is
added to that at the bridge above. The gaging station on Cherry Creek is at the wooden
highway bridge 100 yards above its mouth. -

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Descripton: 99, p 130-131; 130, p 77.

Discharge: 99, p 131; 130, p 77.

Discharge, monthly: 99, p 132; 130, p 79.

Gage heights: 99, pp 131-132; 130, p 78.

Rating table: 99, p 132; 130, p 78.
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Discharge measurements of Madison River (including Cherry Creek) near Norris, Mont., in

1905.

hDisf- -

: : charge

Date. Hydrographer. Width,| sveeon. vé){‘oeglnly. hgig .. c}glﬁée. (Cherry
included).

Fi.per | -

Feet. 8q. ft. sec. Feet. Secft. | Sec.-ft.
216 376 3.54 1.32 1,330 1,346
234 340 3.¢2 1.30 1,335 1,358
232 371 4.22 1.43 1,576 1,612
246 556 6.00 2.21 3,333 3,488
243 505 5.36 1.88 2,714 2,752
232 349 3.55 1.21 1,239 1,250
September 2. . _|..... do. .o 231 316 3.55 1.23 1,121 1,135
September 26...|. ....do.................... 233 320 3.45| " L22| 1,104 1,118
October 22.....{..... [ 232 327 3.46 1.22 | 1,131 1,146
November 18.. |..... (& (P, J 232 332 3.45 1.22 1,148 1,157

Daily gage height, in feet, of Madison River (including Cherry Creek) near Norris, Mont., for

1905.

Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct Nov.
14| 14 1.85| 1.9 .25 1.2 1.2 1.2
1.4) 1.4 1.95) 19 1251 1.2 1.2 1.2
1.4 1.4 2.2 2.0 1.25 | 1.2 1.2 1.2
1.4 1.4 2.2 2.0 1.25| L2 1.2 1.2
1.4 1.4 2.3 2.0 125 1.2 1.2 1.2
1.4] 1.4 2.34 | 2.0 1.25) 1.2 1.2 1.2
1.4 1.4 | 23] 20 Les| 12| 12 1.2
14| 1.4 2.3 2.0 1280 12 1.2 1.2
1.4 1.45) 2.3 2.0 1.3 1.2 1.2 1.2
14| 15 2.3 1.6 1.3 1.2 1.2 1.2
1.4 15 2.3 1.05| 1.3 1.22 1.2 1.2
1.4 145 2.3 115 1.3 1.25 1.2 1.2
1.4 145] 2.25] 1.35| 1.3 1.25 1.2 1.2
1.4 145 2.2 1.5 1.3 1.25 1.2 1.2
1.4 1.45( 2.2 L5 | 125 125 1.2 1.2
14| L5 2.2 1.4 1.2 1.25 1.2 1.2
1.4 1550 2.2 1.4 1.2 1.25 1.2 .2
1.4 16 2.1 14 1.2 1.25 1.2 1.2
1.4 165 2.05| 1.4 1.2 1.25 1.2 1.2
1.4 1.65| 2.0 1.3 12 1.25 1.2 1.2
14! 185! 1.9 .35 1.2 1.25 1.2 1.2
1.4 L3 1.9 135 1.2 1.25) -L2 1.2
1.4 125 19 1.3 1.2 1.25 1.2 1.2
1.4 12 1.9 1.3 1.2 1.25 1.2 1.2
1.4] 1.2 1.9 1.3 1.2 1.25 1.2 1.2
1.4 12 1.8 1.22] 12 1.25 1.2 ...
1.4 1.1 1.7 1.28 12| L2 L2,
1L4] L1 1.6 1.3 1.2 1.25 L2 ...
1.4 12 1.6 1.3 1.2 1.25 | 5 S
1.4 15 .8 1.25] L2 1.25 1.2 eeennns

........ 1.6 l........{ L25( 12 1.25 1.2 ..

Norte.—River frozen January 1 to March 11 and November 26 to December 31, inclusive.
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Station rating table for Madison River (induding Cherry Creek), near Norris, Mont., from
March 12 to November 25, 1905.

|
h(jiag%‘;_ Discharge. hg'jag%%, Discharge. hfé%?, Discharge. hgiaé%et. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
L1100 ) 900 1.50 1,770 1.80 2,500 2.10 3,275
1.20 1,100 1.60 2,000 1.90 2,750 2.20 3,550
1.30 1,320 1.70 2,250 ] 2.00 3,000 2.30 3,850
1.40 1,540 | ' 1
I

The above table is apblicab]e only for open-channel conditions. It is based on 16 discharge measure-
ments made during 1904-5 and is fairly well defined throughout.

Estimated monthly discharge of Madison River (including Cherry Creek), near Norris, Mont.,
Jor 1905. : '

[Drainage area, 2,085 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. ' Second-feet .
. Maximum.| Minimum.| Mean. | 2ere-feet- | o equare Difl%f]lésm

mile. °

]

Marech 12-31. .. . 1, 540 1,320 1,463 58,040 0.702 0.522
April. .. ... ... 1,540 1,540 1,540 91,640 .739 .824
May 2,125 900 ( - 1,570 96, 540 .753 . 868

June.. 3,974 2,000 . 3,195 190, 100 1.53 1.71

July.... 3,000 800 1,844 113,400 .884 1.02
August.... 1,320 1,100 1,177 T 72,370 .565 .651
September ceeef 1,210 1,100 1,171 69,6380 .562 .627
October. ... ... . . ... 1,100 1,100 1,100 67,640 .528 .609
November 1-25_ .................. ) 1,100 1,100 1,100 54, 540 .528 .491
The period. ... .. .o feoiooiiiii i 814,000 |............ B

GALLATIN RIVER AT LOGAN, MONT.

Gallatin River is formed by two chief upper branches, known as East and West Gallatin
rivers, which rise on the western slopes of the Gallatin Range and unite a few miles east of
Logan, whence the main stream.flows northward to its point of junction with Jefferson and
Madison rivers near Three Forks, Mont.

A gaging station was established at Logan August 24, 1893. The present station is
located 200 yards northwest of the Logan railroad depot.

The channel is straight for 200 feet above and below the station. The right bank is high
and rocky. The left is comparatively low and might overflow in the highest floods. Both
banks are covered with bushes. The bed of the stream is sandy, with a small amount of

- vegetation. ~ There is but one channel at all stages; and the current is moderate.

Discharge measurements are made by means of a cable, car, tagged wire, and stay wire
just below the gage. The initial point for soundings is at the left cable support.

During 1905 gage readings were taken once each day up to October 27 by N. A. Smith.
After that date the gage was read by S. M. Kirkbridge. The original gage was a rod fas-
iened to-the cribbing at the intake pipe of the pump at the railroad pump house immediately
Yelow the old Northern Pacific Railway bridge; but this was washed out, together with the
~rib, March 10, 1894, before any discharge measurements had been made. November 16,
1894, a hew gage rod was installed under the northeast corner of the bridge, and measure-
rents of the river were thereafter made by means of a cable 100 yards above. This gage
+7a8 replaced September 16, 1896, by a wire gage fastened to the upstream hand rail of the
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bridge in the east span. Bench mark No. 2 of this gage answered to the description of bench
mark No. 1 of the previous gage. This gage was destroyed in April, 1901, when the old rail-
road bridge was being replaced. A temporary gage was established for the summer, and
July 26, 1901, the datum of this gage was raised 1.23 feet. October 20, 1901, a new wire gage
was established on the site of the present station, 1£0 yards upstream from the bridge, but
the readings on this gage had no relation to those of the previous gages. April 16, 1905, the
wire was replaced by a standard chain gage, but owing to unreliable descriptions of old bench
‘marks there was probably a slight change in the gage datum at that time. The length of
the chain from the end of the weight to the outside of the handle ring is 21.21 feet. The
bench matks in present use are as follows: (1) A railroad spike in the west side of the rear
post of the gage frame 3.6 feet from the top of the horizontal bar; elevation above the zero
of the gage, 8.02 feet. (2) A point halfway down on the beveled edge at the top of the con-
crete just below the roller bearing on the northeast abutment of the Northern Pacific Rail-
way bridge; elevation above the zero of the gage, 11.71 feet. '

. This station was discontinued December 31, 1905.

Information in regard to this station is contamed in the following publications of the
United States Geological Survey (Ann—Annual Report; Bull =Bulletin; WS=Water-
Supply Paper):

Description: Ann 18, iv, p 128—1"9 19, iv, p 277; Bull 131, pp 16-17; 140, p 89; WS 15, p 68; 27, pﬁS 36,
pp 197-198; 49, p 262; 66, pp 17-18; 84, pp 38-39; 99, pp 123-124; 130, pp 82-83.

Discharge: Ann 18, iv, p 129; Bull 131, pp 17, 92; 140, p 90; WS 15, p 68; 27, p 74; 36, p 198; 49, p‘262, 66,
D 18; 84, p 39; 99, p 124; 130, p 84

Discharge, monthly: Ann 18, iv, p 130; 19, iv, p 278; 20, iv, pp 234, 240; 22, iv, p 282; Bull 140, p91; WS
75, p 116; 84, p 40; 99, p 126; 130, p 85.

Discharge, yearly: Ann 20, iv, p 53.

Gage heights: Bull 131, p 18; 140, p 90; WS 11, p 48; 15, p 68; 27, p 70; 36, p 198; 49, p 263; 66, plS 84,p
39; 99, pp 124-125; 130, p 84.

Hydrographs: Ann 18, iv, p 130; 19, iv, p 278; 20, iv, p 240; 22, iv, p 282.

Rainfall and run-off relation: Ann 20, iv, p 235; WS 75, p 118.

Rating tables: Ann 18, iv, p 129; 19, iv, p 277; Bull 140, p 90; WS 27, p 75; 52, p 516; 84, p 40; 99, p 125
130, p 85.

Discharge measurements of Gallatin River at Logan, Mont., in 1905.

Date.’ Hydrographer. ’ Width. ;g)%’i"ogf v(?f‘oeggy. h(iiaé et.' ch]zll'Ze.
Ft, per

Feet, | Sq.fi. sec. Feet. | Secft. .
April3........ L. R. Stockman 380 1.42 1.20| - 540
May4......... J. H. Sloan. 397 1.55 1.35 614
May19........|.....do...._. 508 2.21 1.94 1,125
June 14 _____.|..... . .. 670 3.64 2.7 - 2,438
July 8. ........ 340 1.04 .68 353
Aungust5......|. 272 E] -40- 200
Septémber 7... 299 .78 .70 235
September 21 .. 303 .87 7T 263
October 20...... 375 147 1.28 552
October 27..... H. M. Morse. . e 392 1.57 141 614
Noveémber16...| J.H. 8loan....._... ... ._.... - 391 1.60 1.42 623
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Daily gage height, in feet, of Gallatin River at Logan, Mont., for 1905.

Day. { Jan. l Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. { Dee.
: “ |

| ST © 2.8 12 | 145 |....... 1.3 | 21| 25 |04 | 06 | 11 | 13 2.1
Qs 1 2.55% 115 | 145 (... 1.3 | 2.4 | 2.6 .3 6 | L1 1.4 2.1
- T o4 1.5 | 1.4 |....... 1.3 | 265 2.45| .4 6 | L1 1.5 1.8
G Dorss! 39 | 1.4 ... 13| 27 le2ss! 4| 6| 11| 15| 16
5 16 | 39 | 14| 12| 13| 31| 225 .4 6 | L1 1.4 L9
39 | 1.4 | 1.15° 1.3 | 3.0 | 1.8 | a4 7| L1 L4| 21
.89 | L4 L1 | L25| 29 | 13 .4 7 L1 1.4 1.7
© 39 | 1.4 | 1.1 | L25| 2.85| 8 | .4 iAW | 14| L5
3.9 | 1.35| L2 | 1.4 | 3.25| .6 450 .7 | L1 1.4 1.5
39 | 1.35| 1.3 | L7 | 3.25| .5 .5 7| L15| 1.4 1.9
3.9 | 1.35| 1.3 | 1.65]| 3.0 | a.45| .5 .7 |an18| 1.4 1.9
, 38 | 135 13 | 16 | 29 4 .6 651 1.2 1.4 2.0
38 | 13| 12 | 1.5 | 2.8 .4 6 | a65| 1.2 1.4 2.0
| 8.85| 1.85| 1.2 | 1.35| 2.7 .4 .6 65| 1.2 1.4 2.0
3.85| 1.35! 1.25| 1.35! 2.6 45| .6 65| 1.2 1.4 2.2
3.85| 1.35| 1.25| 1.4 | 2.5 450 .6 7|2 1.4 2.4
3.85| 1.4 | 1.3 | 135 2.5 .4 7 65| L2 1.4" 1.9
3.8 | 1.4 | 1257 1.7 | 2.6 .4 .7 7| L2 1.41 1.9
3.8 | 1.35| 1.25| 1.8 | 2.8 .4 7 5| L2s) 1.4 1.8
3.9 | 1.35| 125 1.8/ 2.9 .4 .7 .8 | 125 1.4’ 1.8
3.9 | 135 1925 1.9 | 20 | 35| .7 8 | L25| 15| L8
385 135! 1.2 | 20 | 2.1 .3 .6 8 | 13 1.4 1.8
Les| 1.9 | 2.2 .3 .6 8| 13 1.4 1.8
125| 18 | 2.3 .4 .7 8 | 1.4 1.4 2.5
13 | 17 | 2.4 4 .7 .8 | L4 1.4 2.7
L3 | LT | 255| .4 .7 85| 1.4 .5 3.0
1.3 | 1.75| 2.4 4 .6 9 | L4 1.5 3.8
1.3 | 2.65| 2.3 4 .6 05| 1.4 1.5 4.5
13 | 2.65] 2.1 .4 6| 10 | 13 1.2 4.2
1.3 | 29 | 2.25 ’ .4 6 | 11| 13 2.1 3.8
....... 2.7 |oeeeen 4 6 |eeeeen| L2 ... 3.8

|

e (Gage heights interpolated.

NoTE.—January 1-10, ice gorge below station, also February 4-26, inclusive. January 30 to February
3, inelusive, December 28-31, inclusive; readings to top of ice; drift ice floating in the river. November
29 to Necember 27, inclusive, ice floating in the river and probably gorge below for part of the time.
River open January 11-29 and February 27 to November 28, inclusive. Gage destroyed March 26;
replaced April 4.

Station rating table for Gallatin River af Logan, Moni., from January 1, 190}, to December

31, 1905.

}g& &, | Discharge. hgiz%et. Dis;charge.lI h(giaé ¢, | Discharge. hgiz ¢ iDischarge.
Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
0.30 178 1.30 545 2.20 1,210 3.20 2,205
40 192 1.40 605 J 2.30 1,300 3.40 ; 2,445
.50 210 1.50 670 2.40 1,390 3.60 | 2,685
.60 230 1.60 740 2.50 1,480 3.80 2,950
70 260 1.70 810 2.60 1,570 4.00 3,240 '
.80 300 1.80 880 2.70 1,670 4.20 3,540
K] 340 1.90 955 2.80 1,770 4.40 3,870

1.00 385 2.00 1,035 2.90 1,870 4.60 4,230
1.10 435 2.10 1,120 3.00 1,980 4.8 4,620
1.20 485 I

The above table is applicable onlfr for open-channel conditions. Itisbased ondischarge measurements
made during 1904-5, and is not well defined. ) N ¢
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Estimated monthly discharge of Gallatin River at Logan, Mont., for 1905.

[Drainage area, 1,805 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. Maximum.| Minimum. | Mean. acre-feet. %eg:gggf::;; %ﬁgﬁ}és’f‘
January 11-29. .. ooiiieiiiaaot 1,210 605 741 27,930 0.411 0.290
March 1-25. ccecuemeacmcnnaenes 635 545 586 29,060 .324 .302
April 530 .ccnennnniiaeees 545 435 512 26, 400 284 .275
MEY -« envnremmcmmannmnsmnenanaes 1,870 515 836 51, 400 .463 534
B 23717 TP P P 2, 265 1,035 1,592 94,730 .882 . 984
11 it 1,570 178 428 26,320 .237 .273
AUgUSE. e 260 178 225 13,840 .125 .144
September. .. ..coooneoroaoaieos 435 230 279 16,600 . 155 173
[07670) 11 UUORPPPPP SRR 605 435 499 30,680 .276 .318
November 1-28. .. c.ocneenenenn-- 670 545 617 34,270 .342 . 356

e T O R \ .......... ‘ 851,200 | ooeeennnneos|ommnaneees i

NotE.—No estimate for ice period.

WEST GALLATIN RIVER NEAR SALESVILLE, MONT.

West Gallatin River joins the East Gallatin a few miles east of Logan, Mont,.

The gaging station was established in July, 1895. It is located at the Williams highway ‘
bridge, 16 miles southwest of Bozeman, Mont., from which point it is reached by driving.
The nearest post-office is Salesville, 4 miles below the station.

The channel is nearly straight, with slight curves above and below the station. The
banks are high and not liable to overflow. The bed of the stream is composed of bowlders
and is fairly permar®nt. At flood stages water flows behind the bridge abutment near the
right bank; at other times it is all confined in one channel. The bridge is not quite at a
right angle to the direction of the current. During high water discharge measurements are
frequently rendered impossible by the logs and ties which are floated down the river from
the canyon to the Northern Pacific Railway. On account of the velocity of the current a
stay wire is needed for the meter at nearly all stages of the river.

Discharge measurements are made from the lower side of the highway bridge. The
initial point for soundings is on the guard rail over the left pier.

The gage was read until June 30, 1905, by Mrs. Alvin DeLong, who lived near the bridge; -
on that date gage readings were discontinued on account of difficulty in procuring an
observer. The gage record was begun August 1, 1895. The gage first installed was &
rod firmly spiked to a tree above the bridge, near the right bank. May 31, 1896, the datum
was lowered 5 feet, and the rod was regraduated so as to correspond to the new datum.
This gage is still in place, and is frequently used at high stages, as it stands in less turbu-
lent water. In September, 1896, a wire gage was placed on the upstream side of the bridge
and made to read the same as the rod gage. This was replaced April 20, 1904, by a
standard chain gage, approximately the same datum being maintained. The present
chain length is 17.43 feet. August 22, 1904, the rod gage was found to read 0.16 foot low
as compared with the chain-gage datum. The new gage is referred to bench marks as fol-
lows: (1) The head of the westernmost rivet holding the angle ironson the top of the
southwest cylindrical pier; elevation, 13.86 feet. (2) A large bowlder firmly set in the
ground on the south side of the wagon road near the fence and 123 feet east of the south-
east pier; elevation, 13.69 feet. Elevations are above the datum of the gage."
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Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann——Annual Report; Bull=Bulletin; WB=~Water-
Supply Paper):

eln,

Description: Ann 14, ii, p 101; 18, iv, p 124; 19, iv, p 275; Bull 140, pp 86-87; WS 15, p 66; 27, p 68; 36,
PP 195-196; 49, pp 260-261; 66, Pp 16-17; 84, pp 40-41; 99, pp 126-127; 130, pp 79-80. B

Discharge: Ann 18, iv, p 125; Bull 131, p 90; 140, p 86; WS 15, p 66; 27, pp 68, 74; 36, p 196; 49, p 261; 66,
p 17; 84, p 41; 99, p 127; 130, p 80.

Discharge, monthly: Ann 14, ii, p 102; 18, iv, p 126; 19, iv, p'276; 20,1v, pp 234, 241; 21, iv,p 184 22, iv,
p 280; Bull 140, p 88; WS 75, pp 117, 118; 84, p 43; 99, p 129; 130, p 82.

Discharge, yearly: Ann 20, iv, p 52.

Gage heights: Bull 140, p 87; WS 11, p 47; 15, p 66; 27, p 69; 36, D 196; 49, p 261; 66, p 17; 84, p4.., 9,
pp 127-128; 130, p 81.

Hydrographs: Ann 18, iv, p 126; 19, iv, p 277; 20, iv, p 241; 21, iv, p 185; 22, iv, p281 WS 75, p 119,

Rainfall and run-off relation: Ann 20, iv, p 235; WS 75, p 118.

Rating tables: Ann 18, iv, p 125; 19, iv, p 276; Bull 140, p 87; WS 27, p 75; 39, p 446; 52, p 516; 66,
p 170; 84, p 42; 99, p 128; 130, p 81.

Discharge measurements of West Gallatin River near Salesville, Mond., in 1905.

Date. Hydrographer. Width.| o2 00| Naty. | gt | chome.
- Feet. 8Sq.ft. | Ft. per-| Feet. - | Secft.
sec, |
March 31 ...... L.R.Stockman. .................... 83 183 1.88 2.90 343
Mayl......... F.H.SIOAN. oo 87 217 2.48 8.30 538
May 17........ ..... Q0. 90 234 3.06 3.59 718
June 12........|..... A0t 130 416 6.45 5.30 2,681
August2......[..... Q0. el 87 201 2.30 3.10 " 463
September 1...]..... S T 85 181 2,15 2.95 390
September 25....... 6 83 178 1.92 2.96 343
October 21.....|..... Q0 86 196 2.23 | 3.0 438
November 17 . |..:..do.................. DT 85 |- 19 |- 2.24 3.04 . 496
°
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- Daily gage height, in feet, of West Gallatin River near Salesville, Mont., for 1905.

Day. Jan. Feb. | Mar. | Apr. | May. | June. | Aug. Sept.l Oct. | Nov.

2.8 2.9 2.9 2.8 3.4
2.9 2.9 2.9 2.9 3.2
2.9 2.9 2.9 2.9 3.2
2.9 2.9 2.9 2.9 3.1
3.0 2.9 2.9 2.9 3.1
3.0 3.0 2.9 2.9 3.1
3.0 3.0 2.9 2.9 3.1
2.9 3.0 2.9 2.9 3.4
2.9 3.0 2.9 2.9 3.5
3.0 3.0 3.0 2.9 3.3
2.8 3.0 3.0 2.9 3.2
2.8 3.0 3.0 2.9 3.2
2.9 3.0 3.0 3.0 3.2
2.9 - 3.1 3.0 3.0 3.3
2.9 3.1 2.9 3.0 3.3
2.9 &2f 2.9 3.0 33
2.9 3.41 29| 30 3.4
2.9 3.5 2.9 31! 3.6
2.9 33| 29 3.1 3.9
2.9 3.3 2.9 3.1 3.7
2.9 3.1 2.8 3.1 3.7
291 3.0 2.8 3.1 3.8
2.9 3.0 2.9 3.1 3.8
2.9 2.9 2.9 3.1 3.8
2.9 2.9 2.9 3.2 3.8
2.9 2.9 2.9 3.1 .38}
2.9 2.9 29| 34| 3.7
2.9 2.9 2.9 3.3 3.7

2.9 2.9 3.2 3.7
2.9 . 2.8 3.2- 3.9
- 2.9 2.8 . ...... 4.2

NoTtE.—No observer July 1 to-December 31, inclusive. Open-channel conditions assumed during win-
ter months. Gage heights interpolated March 1-4, inclusive, and April 8.

Station rating table for West Gallatin River near Salesville, Mont., from January 1 to December

81, 1905.
h(gri?g ":';_ Discharge. hg}iz %’ Discharge. h(e}iag%et. Discharge. h(gi‘; et. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec—ft. Feet. Sec.-ft.
2.80 310 3.50 670 | 4.20 1,265 || 4.9 2,105 >
2.90 350 3.60 740 4.30 1,370 5.00 2,245
3.00 395 3.70 815 4.40 1, 480 5.10 2,390
3.10 440 3.80 895 4,50 1,595 5.20 2,545
3.20 490 3.90 980 4.60 1,715 5.30 2,700
3.30 545 4.00 1,070 4.70 1,840 5.40 2,865
3.40 605 4.10 1,165 4.80 1,970 5.50 3,040

The above table is applicable only for o;i\en—channel conditions. It is based on 16 discharge measure:
ments made during 1904-5, and is fairly well defined between gage heights 3 feet and 5 feet.
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Estimated monthly discharge of West Gallatin River near Salesville, Mont., for 1905.

[Drainage area, 860 square miles.]

Discharge in second-feet. Run-off.
Totalin |q . 2 |
Month. Second-feet
Maximum.| Minimum. | Mean. | 2¢Tefeet. | o square I;;gﬁl;sin
mile.

NE:S (TP E:S o NP 395 310 352 21,640 0. 409 0.472
February . 670 350 4156 23,050 .483 .503
March............. 395 310 352 21,640 . 409 .472
April. oL 605 310 415 24,690 . 483 .539
May. . 1,265 . 440 690 42,430 . 802 L0925

June. ..o ‘ 2,700 1,480 2,155 ‘ 128,200 2.51 2.80
The period................ |‘ .................................. 261,600 ..o ! ..........

! )

MISSOURI RIVER AT CASCADE, MONT.

This station was established July 20, 1902. It is located at the highway bridge at the
east end of the town of Cascade, Mont., about one-fourth mile from the railroad.

The channel is straight 600 feet above the station to the island in the center of the stream;
another island, 200 feet below the bridge, divides the river into two channels and causes a
rather sudden change in the direction of the current. A fall of about 1 foot at this island
produces rapids in the river below the station. The left bank is high, but the right may
overflow at extreme flood stages. The central pier of the bridge is protected by an ice
breaker, which extends about 125 feet upstream and has considerable effect on the current
to the left, especially in low water.

Discharge measurements are made from the upstream side of the bridge. The initial
point for soundings is near the left bank; it is a notch on the guard rail 2 feet to the left of
the center of the southwest pier.

A standard chain gage, which is read twice each day by H. W. Ludwig, has replaced the
chain gage first installed. It is located on the upstream side of the left span and is fastened
to the floor of the bridge. The length of the chain is 31.99 feet. The gage is referred to
bench marks as follows: (1) The top of an old iron bolt which secures the bed plate on the
southwest iron bridge pier; it is painted in black “U.S.G.S.B.\.” and has an elevation of
28.54 feet above gage datum. (2) A standard iron bench mark of the Missouri River Com-
mission, situated 200 feet south of the Great Northern Railway station; elevation above
the zero of the gage, 36.58 feet. ¢
- Information in regard to this station is contained in the followmg Water-Supply Paper of

the United States Geological Survey:

Description: 84, p 35; 99, p 117; 130, p 72.
Discharge: 84, p 35; 99, p 117; 130, p 73.

. Discharge, monthly: 99, p 119; 130, p 74.
Gage heights: 84, p 36; 99, p 118; 130, p 73.
Rating table: 99, p 118; 130, p 74.
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Discharge measurements of Missouri River at Cascade, Mont., in 1905.

; \Area, of | Mean Gage. Dis-
Date. Hydrographer. Width. section. | veloeity.| height. | charge.
Feet. | Sq.ft. | Ft.per | Feet. Sect.
sec.
April ... ... L.R.Stockman..................._. 349 2,537 1.37 4.20 3,484
May12......... H. M. Morse.......oooevemiiiminaaaana.. 2, 1.77 4.59 4,696
June13._._....{..... [ T 371 3,355 2.88 6.44 9,669
July 12......... .. 356 2,618 1.53 4.60 4,013
August 8...._.. H. M. Morse.......cooeieiiiiieaan... 348 2,443 | - .72 3.74 1,769
September 12..| W. B. Freeman ... .................. 350 2,253 .91 3.58 2,043
November 21..I..... do...oiiilll, eeeeaeeaaaas 354 2,525 1.35 4.31 3,412
1 ‘
Daily gage height, in jeet, of Missouri River a.t“ Casecade, Mont., for 1905.
| T
Day. Jan. | Feb. | Mar, | Apr May.l June. { July. ‘ Aug. | Sept. ’ Oct. | Nov. | Dec.

. |
46! 4.1 | 455 44 | 4.6 5 46 | 6.55] 4.1 ] 36 | 3.3 | 3.95] 55
4.6 4.1 | 4.45| 44 | 4.6 | 4.6 | 6.35 405 3.6 @ 33 | 4.0 5.5
46| 41 | 435 44 | 46 | 4.65 é 15| 3.98| 3.6 | 3.3 | 4.0 5.5
46| 4.2 | 43 | 4.38| 45 | 472 flr.g 3.88| 3.6 ' 3.3 | 4.0 5.5
4.6 42 | 4.3 | 4.35| 45 | 4.8 | 58 | 3.8 3.6 | 33 | 40 5.5
46| 42 | £4 4.5 | 5.15 $ 751 3.75| 3.6 | 3.4 | 405| 5.5

.46 42 4.4 4.5 ' 5.95 45.45 3.75 | 3.6 3.4 4.08 5.5

-
w W

46 42 | 44 | 42| 45 | 692 532 375 36 | 3.4 | 41 | 5.5
4.6 43 | 45 | 42 | 4.5 | 645| 525 3.75| 3.6 | 3.4 | 415] 5.5
47| 43 45 | 42 | 45 | 66 | 5.2 | 3.75| 3.6 | 3.4 | 418 54
470 43 | 45 | 42 | 45 | 6.6 | 475| 375 | 3.6 | 3.45| 4.2 | 53
48| 498 45 | 4.25] 46 | 658 | h58| 2.75| 3.6 | 35 | 42 | 52
481 432) 45 | 4.28] 4.65| 6.45| 4.5 | 3.75| 3.6 | 3.6 | 42 | 495
48] 525 45 | 43 | 4.65| 6.4 | 4.38] 3.75| 3.6 | 3.6 | 42 | 475

4.8 | 5.7 | 4.5 4.35 | 4.65 | 8.65 ‘4 38| 3.7 3.6 3.63 | 4.23 4.65
4.81 5.9 4.5 4.4 4.65( 6.6 | 4.3 3.78 3.6 3.7 4.25 4.55
4.7 | 592| 4.5 4.4 4.7 6.56 | 4.25 | 3.65| 3.6 3.75 | 4.25 4.5
4.7 595 4.5 4.45 | 4.7 6.35 | 4.2 3.5 3.55 | 3.8 4.28 4.6
4.6 59| 4.5 445 4.68] 6.2 | 412 3.5 3.52 | 3.85| 4.3 4.6
4.6 | 595 | 4.5 4.48 | 4.65 | 6.15 ‘4 05 3.5 3.5 3.87 | 4.3 4.7
4.5 572, 4.5 4.5 4.62 | 5.98% (4.0 3.5 3.45( 3.9 4.3 4.7
45| 555 | 4.5 4.5 1.6 5.88 J&.O 3.45| 3.42 3.9 4.35 4.7
4.41 5.3 4.5 4.5 4.58 | 575 ‘ 3.95| 3.45| 3.4 3.9 4.35 4.7
4.4| 505| 4.5 4.55 | 4.52 5.51(3.951 3.45| 3.4 3.9 4.4 4.7
4.3 ] 4.9 4.5 4.6 4.48 | 5.25(13.95| .48 3.4 3.9 4.43 4.7
4.3 4.8 4.5 4.6 4.42 ) 5.12 ‘ 4.05 | 3.52| 3.4 3.9 4,48 4.7

4.2 | 4.75| 4.5 4.65| 4.35| 6.28 || 4.0 3.55 ) 3.3 3.9 4.55 4.7
4.21 4.65) 4.5 4.7 4.38 | 6.42 [‘4.0 3.4 3.3 3.95 | 4.75 4.7

41| 4.45| 4.7 | 4.45| 6.55| 3.95| 3.5 | 3.3 | 3.95| 55 4.7
41l 4.45| 47 | 45 | 6.65)/4.0 | 3.5 | 3.3 | 3.95( 5.5 4.7
L3 P 41 (el 4.4 (... 4,55 |....... 1 4.0 | 3.6 |....... 3.95 |....... 4.7

NoTE.—River frozen and readings taken to the surface of the ice January 1 to February 28, inclusive,

and November 28 to December 19, inclusive.
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Station rating table for Missouri River at Cascade, Mont., from January 1 to December 31
1 905
hgiaé i‘ Discharge. h%ag ‘; Discharge. hgiag ‘:1“ Discharge. hgiaé ‘:;. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
3.30 1,720 4.20 3,120 5.10 5, 500 6.00 8,260
3.40 1,800 4.30 3,340 5.20 5,800 6.10 8,580
3.60 1,900 4.40 3, 560 5.30 6,100 6.20 8, 500
360 2,020 . 4.50 3,800 5.40 6,400 6.30 9,220
3.70 2,160 4.60 4,060 5.50 . 6,700 6.40 9,560
3.80 2,320 4.70 4,320 5.60 7,000 6.50 9,900
3.90 2,500 4.80 4,600 5.70 7,300 6.60 10,240
4.00 2,700 4.90 4,900 5.80 7,620
4.10 2,900 - 5.00 5,200 \ 5.90 7,940

The above table is applicable only for open channel conditions. It is based on 15 discharge measure-
ments made during 1904-5, and is well defined between gage heights 3.5 feet and 6.5 feet.

Estimated monthly discharge of Missouri River at Cascade, Mong., for 1905.

[Drainage area, 18,295 square miles.]

Discharge in second-feet. Run-off.
Total in
Month. Second-feet
Maximum.| Minimum. | Mean. | 2¢Te-feet. | horsouare ?ﬁgﬁgsm
mile.

March............... e 3,930 3,340 3,721 228, 800 0.203 0.234
April ..l 4,320 3,120 3,635 216, 300 .199 .222
MaY. e it 4,320 3,450 3,944 242, 500 ©.216 .249
June.. ...l 10,410 4,060 8,081 480, 900 442 .493
July.....ooooo.. R 10,070 2,600 4,518 277,800 - .247 . 285
August.._ . ...l 2,900 1,800 2,147 132, 000 117 135
September. ... ...l 2,020 1,720 1,929 114, 800 .105 17
October......... 2,600 1,720 2,159 132, 800 .118 .136
November 1-27. _. 3,930 2,600 3,158 169,100 | .173 174
The period....ooeeeimenonn]oaeeneemaiaianeaaiiooaaaiis 1,995,000 |............. [

MISSOURI RIVER AT GREAT FALLS, MONT.

The flow of Missouri River at Great Falls, Mont., is divided into four parts:

1. Water flowing over Black Eagle Falls dam.

2. Water leaking through the dam.

3. Water used on the north side of the river by the Boston and Montana smelter.

4. Water used on the south side of the river by the electrlc light and power company and
the Royal Milling Company.

Black Eagle Falls dam was begun April 15, 1890, and completed March 15, 1891.¢ The
total cost of the dam from the inception of the enterprise to November 30, 1891, was $175,000.
Originally the crest of the dam stood 40 feet above the surface of the water below the falls in
the tailrace; but September 1, 1904, additional flashboards were erected, and the crest has
since been 41 feet above the water in the tailrace. The original elevation of the flashboards
on the crest was 3,282.05 feet above sea level. The present elevation is 3,282.18 feet. The
wooden crest was sharp, but is now slightly worn by water and ice. The length of the dam
is 745 feet. The amount of water flowing over it can be computed by using the dam as a
weir.

a Parker, M. 8., Black Eagle Falls dam: Trans. Am. Soc. Civ. Eng., vol. 27, 1892, p. 56,
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The Boston and Montana smelter has a gage above the dam which is read four times daily.
The difference between gage readings and the elevation of the crest gives the head on the -
crest. Records of gage heights have been kept since April 13, 1897. The zero of the gage
stands at an elevation of 3,200 feet above sea level.

October 5, 1905, the water leaking through the dam was measured and found to be ‘2
second-feet. The water was low at the time (gage height, 3,280.80 feet), and it is probable
that u greater head would increase the amount of leakage.

The water power is owned by the Great Falls Water Power and Townsite Company and
is sold to various corporations. A record is kept of the horsepower developed, the compu-
tations being based on gate openings and heads, using an efficiency of 80 per cent for the
turbines. From the monthly average of horsepower and head computation has been made
of the monthly average of water used by the Boston and Montana smelter from 1897 to 1905,
and the results are shown in the accompanying table.

On the south side of the river the Royal Milling Company pays for 300 horsepower deliv-
ered at the top of the bank. No regular record is kept of the amount of water used, but
occasional tests are made to determine whether the required horsepower is developed. The
electric-light and power company contracts for 1,000 horsepower, and as it is used for light-
ing and traction purposes the required amount is constantly changing and hourly records
are kept. The average total horsepower used on the south side of the river is 1,300. Based
on an efficiency of 80 per cent and a head of 41 feet, the flow required to develop this power
is 349 second-feet. '

An approximate idea of the quantity of water in the Missouri at Great Falls could be
obtained by combining the various parts noted above.

Water from Missouri River used by Boston and Montana smelter at Great Falls, Mont.,

1897-1905.
Month. Second- | gcre-feet. Month. Second- | pcre-feet.
1897. .
April... e 1,400 83,310 1,764 108, 500 -
JUY e oo 1,343 82, 580 1,795 99, 690
August. ...l 1,359 | . 83,560 || Mareh.... .. .............. 1,804 110, 900
September. ... ... .... ... 1,484 88,300 || April...................... 1,763 104, 900
October. .................. 1,469 90,310 || MBY.eeoermneniaaiaeaann 1,783 109, 600
November................. 1,462 87,000 || June..................o. 1,792 1086, 600 -
December.................. 1,441 88, 600 JUY eeee e 1,803 110, 900
August....... 1,838 113,000
.......... 603,700 || September.. 1,791 106, 600
October. . 1,684 103, 500
November. . 1,839 109, 400
1,531 94,140 || December.................. 1,831 112, 600
1,332 73,980 h ‘
953 58, 600 1,791 1,296, 000
984 58, 550
1,277 78, 520
1,530 | . 91, 040 1,760 108, 200
1,449 89, 100 1,839, 102, 100
August.......... 1,729 108, 300 1,881 115,700
September 1,663 98, 960 1,884 112, 100
October....... 1,711 105, 200 1,722 105, 900
November 1,711 101,800 || June.......ccceenimienaaann 1,832 109, 000
December.................. 1,753 107, 800 1,844 113,400
1,808 116,700
Theyear............. 1,469 1, 064, 000 1,786 106, 300
- 1,752 107,700

IRR 172—06——3
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Water from Missouri River used by Boston and Montana smelier at Great Falls, Mont.,
1897-1905—Continued.

Month. Second | pcre-feet. Month. Second- Acre-feet.
1900—Continued. 1963—Continued.
November................. 1,708 101,600 || May..coomiinniaanianns 2,128 130, 800
December.................. 1,849 113,700 || June......oooiiiiiiiiiiias 2,196 130, 700
JUly . oot 2,252 138, 500
The year............. 1,813 1,312,000 |} August. .. ... 2,216 136, 300
September._............... 1,707 101, 600
1901. October.... 1,912 117,600
January........co.o....... 1,375 84,550 | November. . 1,183 70, 390
February.......c..ooo.o... 1,579 87,690 || December................_. 2,036 125, 200
March.. ... ............... 1,688 103, 800 . -
Aprile ...l 2,028 120, 700 2,010 1,457,000
MAY .o e al 2,077 127,700
JUNG. . oot 2,121 126, 200
01 1,983 121,900 2,016 124, 000
August....... ... 1,874 115, 200 1,953 112, 300
September. ................ 1,806 107, 500 2,216 136, 300
October 1-24. ... ........ 1,773 84,400 2,321 138, 100
- 2,341 143,900
The period. . ....ooooo|eeeeaae. 1,080,000 2,114 125,800
2,225 136, 800
2,153 132,400
1,355 51,070 September. . .............. 1,737 103, 400
1,780 98,860 October......cccoeeenan... 2,143 131, 800
2,202 135,400 November................ 2,199 130, 800
2,222 132,200 December.................. 2,027 ) 124, 600
2,226 136,900
2,375 141,300 The year............. 2,120 1, 540, 000
2,243 137,900
1,980 121,800 1905.
September. ................ 1,782 106,000 || JADUALY ... ... s 1,955 120,200
OCtODEr -« v e e 2,161 132,900 || February.................. 1,882 104, 500
November............. el 2,020 120, 200 March......ooeiiinnn 2,304 141,700
December. ................. 1,794 110,500 || APTL oo 2,207 136, 700
I . £ 2,243 137,900
1,425,000 June.. . o.iiiiiiiiiiiias 2,300 136, 800
July.... 2,21 137,200
August... . 1,669 102, 600
2,200 135,300 September. . .. 1,214 | . 72,240
1,962 109, 000 October................... 1,402 86, 200
2,087 128, 300 N
2: 230 I 33, 200 The period. ... ..cooufweeeeennn. 1,176,000

MISSOURI RIVER NEAR WILLISTON, N. DAK.

This station was established April 24, 1905. It is located at Bakers Ferry, 10 miles
down the river from Williston, N. Dak., and 13} miles southeast by the main traveled road
on the east side of the river from Williston ferry landing.

The channel is straight for about 1,750 feet both above and below the station. The right
bank consists of stiff clay and rises to an elevation of 25 feet above gage zero; the left bank
is composed of loose sand and slopes upward to an elevation of 22 feet above gage zero; nei-
ther bank is subject to overflow. The bed of the stream is of sand and is shifting.

Discharge measurements are made from a cable ferry boat.. The initial point for sound-
ings is the face of the cut bank on the right shore.

A standard chain gage, which was read during 1905 by George E. Baker, is located on a
projecting timber extending 20 feet from the bank of the river. The length of the chain
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from the end of the weight to the marker is 37.80 feet. The gage is referred to bench marks
as follows: (1) An aluminum tablet set in the top of a 6 by 6 inch square post about 20 feet
west of the gage; elevation, 26.92 feet. (2) A cross of staples in the flat top of a large post,
4 feet high, about 3 rods southeast of the gage and 2 feet northwest of the supporting pole at
the right end of the ferry cable; elevation, 30.00 feet. Elevations are above the datum of
the gage.

Discharge measurements of Missouri River near Williston, N. Dak., in 1905.

Date. Hydrographer, Width. ?éi?o‘ifl vellsgg?%. h(iiag . clgi:ge.
1 Ft.per

o Feet. 8q. ft. sec. Feet. Sec-ft.
Chandler and Richards_....._....... 507 4,543 2.78 6. 58 12,640
E.F.Chandler.......... . 525 4,480 2,32 5.26 10,390
P.M. Churchill.......... . 787 13,280 5.24 12 20 69,510
P 1 S, . 770 11,710 4.95 11.10 58,030
..... [ L T 753 5,925 2.51 6.70 14,880
September 19 ..| Chandler and Fellows............... 435 2,705 2.51 44 6,781

Daily gage height, in feet, of Missouri River near Williston, N. Dak., for 1905.

Day. May. | June. | July. | Aug. | Sept. | Oct. | Nov.
9.3 12.1 9.8 ‘4.9 4.9 5.0
9.4| 12.6| 90| 48| 48 5.0
0.4 12.3 9.5 4.9 5.1 5.2
1.0 12,0 9.8 4.9 5.6 5.2
1.3 126 9.1 49| 53 5.1
1.8 1191 +9.1 4.9 5.0 4.9
13.0| 118 8.8 4.9 5.5 4.9

.13.6 | 1L5 8.2 4.8 5.2 4.9
13.2| 1.2 7.9 4.8 4.9 4.9
3.2 111 7.8 4.8 4.5 5.0
129 | 112 7.5 4.7 45 50
13.5| 1.2 7.3 4.7 4.4 5.1
3.4 1.1 7.1 4.7 4.3 5.0

- 12,8 | 11 6.8 4.6 4.3 5.0
12.4| 110 6.7 4.6 4.2 5.0
12,4 | 111 6.5 4.6 4.2 5.1
129 110 6.4 4.6 4.4 5.0
12.8| 110 6.5 4.5 4.4 5.0
125 11.2 6.3 4.4 4.5 4.9
J12.3 1 1L.0 6.1 4.4 4.7 4.9
12.2 | 10.6 6.0 4.4 4.8 4.9
12.3| 10.2 5.9 4.4 4.9 5.0
11.8 9.9 5.8 4.3 4.9 5.0
1.5 9.8 5.7 4.3 4.9 5.0
1.5 9.4 5.5 4.2 5.0 4.9
1.8 9.0 5.4 4.1 5.0 5.0
12.2 8.9 5.3 4.0 5.0 5.1
12.1 8.9 5.2 4.0 4.9 a2.1
11.8 9.2 5.1 4.0 4.9 4.6
11.9 9.5 5.0 4.0 4.9 4.9

________ 10.9 4.9 ) 49l

e Ice gorge above held water back.
NotE.—River frozen over November 30.
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MISSOURI RIVER AT WASHBURN, N. DAK.

This station was established June 28, 1905, and was discontinued November 30, 1905.

A record of river stages only was desired, and no discharge measurements were made. A
staff gage is attached to the piling founation of the ‘Soo” Railroad grain elevator on the
left bank of the river. During 1905 the gage was read by Charles W. Blunt. Bench marks
were established as follows: (1) A horizontal line of brass-head nails and spikes driven into
the pile to which the gage is fastened; elevation, 14.00 feet. (2) A similar line of nails
driven into the pile at the east end of the retaining wall below the elevator; elevation, 14.00
feet. Elevations refer to the datum of the gage.

Daily gage height, in feet, of Missouri River near Washburn, N. Dak., for 1905.

Day. June. July.| Aug. | Sept.| Oct. | Nov. Day. June.|July.| Aug.| Sept.; Oct. | Nov.
1’ [
S EUUURUN B 8.65|6.35 3.9 [3.0 |33 || 17........._.. 7.8 | 5.1 |3.55|29 | 3.0
2 R 89 | 7.0 (39 130 |3.05| 18 ..........f...... 7.75 | 5.05| 3.5 |29 3.0
R PR 9.25|7.3513.8 3.0 (3.1 [j19..........|...... 7.751 4.9 |3.45(28 | 3.0
[ SO 9.45 1 6.85|3.8 | 3.0 [3.0 [[20...........l..... 7.45 4.9 | 3.4 |28 3.0
T PO 9.056.65{3.8 |30 |3.0 21 et 7.4 [ 49 [3.35]28 3.0
[ SRR P 9.2 16.65|3.8 |30 |31 ||22..........|...... 7.45| 4.9 |3.25|2.8 3.0
[ 9.3 [ 6.7 |3753.0 (3.15|[23.......... | ... 7.3 |47 |32 |29 2.9
- S P, 9.1 [6.55[3.6 |30 |32 |[24... ... ...... 7.25| 45 |3.15|2.9 2.9
Ol 8.95|6.45|3.6 |3.25| 3.2 s R P 7.05 | 4.45 3.1 295 3.0
100l 87561 (3.6 [335]31 |[26...........]...... 6.9 | 44 [3.05]3.0 3.0
B P A, 8.65 5.8 3.6 |35 |3.1 27 e 6.851 43 |3.0 |3.0 3.0
120l 8.55 | 5.7 | 3.6 [3.45(3.1 || 28........... 9.05|6.65| 43 [3.0 |3.05| 3.0
1Bl 8.4 {55536 132 (3.0 ) 29........... 8.95 (6.5 | 425130 |31 |......
Mool 8.2515.35(3.6 31530 }[30........... 8.55(6.45]4.15 (3.0 |3.05|_.....
11 O DU 8.05(54 |3.6 |3.0 3.0 23 S PR 6.3 | 40 |...... 3.2 |......
) P " 7.8515.3 13.6 [295]3.0

.MISSOURI RIVER NEAR BISMARCK, N. DAK.

This station was established September 28, 1904. It is located near the town of Bis-
marck, N. Dak. .

The channel is straight for one-half mile both above and below the station. The right
bank is high and not subject to overflow; the left bank consists of sandy slopes and wooded
bottoms and is overflowed at extreme flood stages. The bed is sandy and shifts consider-
ably. At ordinary stages the velocity of the current is moderate.

Discharge measurements are made by means of a cable ferryboat at Fort meoln ferry,
about 5 miles southwest of Bismarck. The initial point for soundings is the face of the
perpendicular bank on the right side of the river. Distances from the initial point are
obtained by stadia sights from the boat on rods placed on each shore.

A braided-wire gage, which was read during 1905 by Mrs. J. S. Plants, is located on the*
Northern Pacific Railway bridge, about 2 miles west of Bismarck, near the middle of the
second span of the bridge from the left bank. The bench mark is the top of the railroad
track on the Northern Pacific Railway bridge at the gage; elevation above the datum of
the gage, 73.90 feet. The zero of the gage is 1,617.9 feet above sea level.

Information in regard to this station is contained in Water-Supply Paper No. 130, of the
United States Geological Survey, page 76.
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Discharge measurements of Missouri River near Bismarck, N. Dak., in 1905.

Date. Hydrographer. Width, é:ggé’i ‘vslﬁ[:gléy. h(i?gglff. cl']x)afée.
. Ve, per
Feet. | Sq.ft. | sec. | Feet. Sec.-fi.
June23........ Chandler and Richards..............[ 848 9,400 | 5.23 -6.80 49,200
July 10....... ... & e 808 9,035 | 5.45 6.70 49,220
August9...... R.Richards. ... ... ... .......... 820 7,592 i 3.81 4.20 28, 940
August 30.....[..... [ o J 780 4,144 | 3.20 1.30 13,250
October 18..... E.F.Chandler...................... 715 2,903 1 2.77 —.60 8,042
Daily gage height, in feet, of Missouri River near Bismarck, N. Dak., for 1905.
Day. Jan.| Feb.| Mar.| Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. { Dec
3.8 1.6 2.5 0.8 0.2 3.35| 6.8 3.65 0.9 —0.9|—0.3 —0.9
3.6 | 20 | 25 .8 2 | 3.9 | 6.9 40 T —.9{—.6 | —.6
3.4 2.2 2.7 .8 4 3.9 7.4 4.65 b —.9—.26| —.6
3.4 2.2 2.8 81, .4 3.7 7.8 4.8 S —.9— .4 — .3
[ S 3.2 2.5 2.95 .8 1 3.8 7.75 | 4.4 Sl — 91— .5 — .7
B 3.06| 2.6 | 3.2 8 .2 | 43| 7.4 | 41 Al —.9—.5 | —.7
i PP 2.75 1 2.6 3.45 .7 .2 4.8 7.4 4.15 3 —.8— .2 — .5
O, 2.5 2.6 3.65 .6 25| 5.9 7.15| 4.25 B —.2—.1 — .5
2.4 2.6 4.1 .6 5 .7 6.95 | 4.2 .2 g0+ 01 — .5
2.1 2.6 4.5 .5 6 7.9 6.7 4.05 22 .4 .1 — .6
1.8 2.5 4.6 .5 7 7.2 6.55 | 3.7 .2 .3 .0 — .4
L5 | 2.4 | 45 .3 8 | 6.95| 6.35| 3.4 .2 4] 0| —.4
14 | 2.4 | 42 1| .9 | 7.4 | 6.15| 3.2 .0 2 0| — .4
1.4 2.2 4.0 A 125 7.8 6.0 3.1 .1 21— .2 — .5
1.75 ] 2.1 | 4.0 1| 1.35|-7.5 | 5.9 | 2.8 3|l—2l—2 | —.5
2.0 1.8 4.15 0] 1.6 7.0 5.6 2.7 4] — .41—.3 — .5
2.1 1.8 4.45 00 L7 6.8 5.4 2.6 B3] —.51-.3 — .7
2.45 | 1.7 4.6 .01 1.8 7.0 5.3 2.5 3| —.6|—.3 — .8
2.5 1.6 4.95 041 195 7.45( 5.3 2.3 B —.7—.3 — .8
2.6 15 5.15 0] 2.2 7.35 | 5.1 2.2 A1 —.81—.3 — .7
2.6 1.6 5.05 0] 2.4 7.05 | 4.9 2.2 1] — .8— .3 —.1
2.6 1.8 5.7 .0 2.35] 6.8 4.9 2.2 0} —.8|—.3 .0
2.4 2.0 3.6 2 2.1 6.8 48| 2.2 | —.1|—.8—.3 .3
2.4 2.1 5.1 20 L7 7.0 4.7 1.95 | — .2 — .8 —.3 .5
2.3 2.1 3.05 .17 155 6.7 4.6 1.8 | —.2|—".6|—.3 .6
2.05| 2.1 2.0 1] 1.4 6.5 43| 1.8 | —.4{— .6{—.3 .7
1.75 | 2.5 1.45 .1} 1.5 5.9 405 1.6 | —.5|— .6 —.3 .9
1.7 2.5 1.1 .21 1.8 6.6 4.0 1.5 | —. 7| — .5|— .6 11
1.7 |...... .6 2 22 7.3 3.9 1.5 | —.7|— .5—.6 1.1
L T .6 2] 255 7.2 | 3.75 1.3 | — .8|—.41—.90 1.1
1.6 |....... I 2.9 |...... 3.6 | 12 |....... - O 1.5
1

Nore.—River frozen entirely across January 4 to March 6; ice gradually broke up March 7-22; river
clear of ice March 24. Gage heights January 1 to March 7 are to top of ice; after that date to water
surface. The following comparative readings were also made:

’ Water | Top of | Thickness
Date. surface. ice. of ice.

Feet. Feet. Feet.

P
@

GO =T

2.0 2.
1.6 1
1.9 2.
2.4 2.

fl_liver frozen November 30 to December 31. Average thickness of ice, 1 foot. Gage heights are to top
of ice.

AN
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Station rating table for Missouri River near Bismdrck, N. Dak., from September 28, 1904, to

December 31, 1905.
hgiag &, | Discharge. hgisé%i. Discharge. hg}i; ;. | Discharge. hg”é%%‘ Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
—0.90 7,680 0.50 10,660 1.90 15,780 4.60 " 31,800
—0.80 7,810 0.60 10, 960 2.00 16,240 4.80 33,260
~0.70 7,950 0.70 11, 260 2.20 17,180 5.00 34,760
—0.60 8,110 0.80 |- 11,580 2.40 18,160 5.90 36, 280
—0.50 8,280 0.90 11,900 2.60 19, 200 5.40 37,840
—0.40 8,460 1.00 12,240 2.80 20, 280 5.60 39,440
—0.30 8,660 1.10 12, 580 3.00 21, 400 5. 80 41,060
—0.20 8,880 1.20 12,940 3.20 22, 560 6.00 42, 700
-0.10 9, 100 1.30 13,320 3.40 23, 760 6.50 46, 940

0.00 9,340 1.40 13,700 3.60 25, 000 7.00 51,300

0.10 9,580 || 1.50 14,100 3.80 26,280 7.50 55,780

0.20 9,840 1.60 14, 500 4.00 27,600 8.00 60, 320

0.30 10,100 1.70 14,920 4.20 28, 960

0.40 10, 380 1.80 15,340 4.40 30, 360

I

The above table is applicable only for open-channel conditions. It is based on five discharge measure-
}ne?ts made during 1905 and one in 1904, and is fairly well defined between gage heights —0.6 foot and 7
eet. X

Estimated monthly discharge of Missouri River near Bismarck, N. Dak., in 1904 and 1905.

Discharge in second-feet. .
Month. Total in
Maximum.| Minimum. | Mean. acre-feet.
1904

October. ... e iiiiiiiii i, O, 10, 660 9,340 10, 160 624, 700
NOVeMDOr . ..o e e e 12, 240 9,340 10, 400 618, 800
DeCemDeT - . .. .ottt 28, 280 9,340 16,730 | 1,029,000
35,520 10, 960 16,640 264, 000
11,580 9,340 10, 200 606, 900
20,840 9,580 | 13,640 838, 700
59, 440 23,460 | 46,030 | 2,739,000
58, 520 25,000 41,020 2,522, 000
33, 260 12,940 21, 490 1,321,000
September. ... iiieaaeaoo. 11,900 7,810 9,696 577,000
October. ... .. i 10, 380 7,680 8, 440 519, 000
November. .. ... e 9, 580 7,680 8,710 518,300
The period. .. ....oiuii it IR I Wi 9, 906, 000

MISSOURI RIVER AT KANSAS CITY, MO.

This station was established April 13, 1905. It is located at the Hannibal Railwaf®
bridge at the foot of Broadway street, Kansas City, Mo.

The channel is slightly curved for one-half mile or more above and below the station.
The right bank is high, is covered with railroad tracks and buildings, and does not overflow
at this point; the left bank is low, sandy, somewhat timbered, and is liable to overflow.
The bed of the stream is composed of sand and is clean except for stones around the piers and
some drift lodged in the bed next to the south bank. The drift does not greatly affect the
accuracy of measurements; the piers are the principal disturbing influence. The velocity is
medium, becoming sluggish toward the north bank. It is very difficult to secure discharge
measurements at this point at high steges on account of the great velocity of the current.
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Discharge measurements are made from the downstream side of the bridge to which the
~ gage is attached.” The initial point for soundings is at the south end on the downstream side
of the bridge.
" The gage was read from April 13 to June, 1905, by Charles Sprikle; on the latter date
arrangements were made under which the readings are furnished by the United States
Weather Bureau. The gage is the Missouri River Commission gage, located 280 feet north
of the south end of the bridge, on the downstream side. It is graduated in feet and tenths
from 303.5 to 332.0 feet, this being elevation above St. Louis, Mo. To obtain gage heights
303.5 feet must be deducted from all readings on this gage.a

Discharge measurements of Missouri River at Kansas City, Mo., in 1905.

Date. Hydrographer. Width ;Zéﬁ?oﬁ vgii(sgltly. hgiag ef.b ch?tlrsg_e.
l Ft. per

Feet. | Sq.ft. sec. Feet. Sec.-ft.
April13....... W.G.Russell_........0............. 704 | 11,900 3.80 8.6 45,200
May29.. . .....{.... A0 856 17,170 4.67 12.2 80,240
June2......... Murphy and Russell . ............... 983 20,220 6. 48 14.9 130, 900
June29........ W.G. Russell.........o.......i..... 945 | 23,960 5.75 16.5 137,800
July 8. ........ J.C.8tevens........ooeiinieanna... 992 23,840 7.54 19.4 179,800
October 8. ..... W.G. Russell....................... 679 13,610 2.49 7.4 33,830
October 27.....|..... [ Lo T, 679 13,750 2.50 7.6 34,360

8This was the amount used by the Missouri River Commission. The Weather Bureau deducts 303.3
feet, and this amount has been used since July 1, in order to avoid much unnecessary work and the
danger of mistakes. The difference seems to occur from a difference in elevation given by two lines of
levels run from St. Louis to this point.

Tuttle & Pike, civil engineers, of Kansas City, give the slope of the Missouri at the Hannibal bridge
as 0.80 foot per mile. In 1881 a survey from Leavenworth to Lexington, 76 miles, gave 0.78 foot per
mile. In 1903 a survey from the Great Western Railway bridge, just above the mouth of Kansas River,
to Hannibal bridge, gave 1.62 feet per mile. In 1904 this slope was 1.22 feet per mile. Tuttle & Pike
consider the last two abnormal and 0.80 foot per mile correct at Hannibal bridge.

b Gage heights obtained by subtracting 303.5 from gage readings.
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Daily gage height, in feet, of Missouri River at Kansas City, Mo., for 1905.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oet. | Nov. | Dec.
12.55 | 10.0 14.42 17.2 | 14.2 8.5 9.25 7.2 8.45
11.8 9.8 14.9 18.0 | 14.2 8.5 9.0 7.1 8.1
10.87 | ~9.35| 14.65 19.7 | 13.9 8.3 8.7 7.05 7.45
10.32 9.18 | 14.0 20.0 | 13.5 7.7 8.5 6.95 6.4

9.82 9.78 | 13.42 19.5 | 13.0 7.6 8.25 7.0 4.7
8.7 13.28 18.8 | 12.7 7.4 8.05 7.3 4.65
8.82 1 13.18 | 18.8 13.4 7.6 7.7 7.85 4.85
8.85 | 13.08 19.2 | 13.2 7.5 7.65 9.3 5.75
9.2 13.8 20.43 13.5 7.3 7.35 9.75 6/. 25
9.45 | 12.35 22.0 | 13.5 7.4 7.25 9.3 5.9
9.55 | 12.3 22.8 | 12.7 7.3 7.1 8.85 5.6

11.12 | 11.9 23.0 1 11.9 7.2 7.1 8.55 5.8
12.65 | 11.6 22.1 11.4 7.0 7.0 8.35 6.05
13.6 11.8 202 11.1 7.2 6.9 8.15 - 6.25
13.5 12.4 18.7 | 10.8 11.1 6.75 7.95 6.2
15.6 15.2 17.9 10.9 14.7 6.65 7.65 6.05
16.55 | 15.5 17.1 11.3 16.6 6.75 7.5 6.2
15.78 | 15.7 16.5 | 11.1 17.3 6.8 7.5 6.15
14.78 | 15.1 15.7 | 11.7 18.6 7.05 7.45 6.35
13.98 | 15.0 156.5 | 12.5 17.1 7.1 7.65 6.4
13.5 15.8 15.2 | 12.4 15.9 7.45 7.7 6.4
13.15 | 16.3 14.7 | 12.1 14.8 8.05 7.45 6.4
12.68 | 16.1 14.3 | 11.9 15.1 8.1 7.2 6.4
12.2 16.1 14.1 | 12.0 13.8 8.0 7.65 6.45
12.88 16.4 13.7 | 11.6 12.5 8.05 8.15 6.65
14.95} 16.5 13.6 | 10.8 11.7 8.1 8.65 6.4
14.2 17.3 13.7 | 10.1 11.0 7.8 8.55 6.3
12.65 | 17.2 13.2 9.6 10.3 7.55 8.35 6.4
12.32 | 16.7 13.1 9.2 9.8 7.35 8.45 6.25
12.55 | 16.7 14.0 9.0 9.2 7.3 8.55 6.3
12.52 . ...... 14.5 875 [eeeeenn 7.8 Joeeeenn. 6.25
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Station rating table for Missouri River near Kansas City, Mo., from April 1 to December 31,

1905.
h(:i‘; . | Discharge. hgiaé 3. | Discharge. hgiag%i. Discharge. hgi%%ﬁ;. Discharge.
Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet, Sec.-ft.
4.60 16, 000 6.70 28,600 8.80 45, 600 12.80 87,800
4.70 16, 500 6. 80 29, 300 8.90 46, 500 13. 00 90, 300
4.80 17,000 6.90 30, 000 9.00 47,400 13.50 96, 700
4.90 17, 500 7.00 30, 700 9.20 49, 200 14.00 103,200
5.00 18,000 7.10 31,400 9.40 51,100 14. 50 109, 750
5.10 18, 550 7.20 32,100 9.60 53,000 15.00 | 116,600
5.20 19,100 7.30 32,850 9.80 55,000 15. 50 123, 600
5.30 19, 650 7.40 33,600 10. 00 57,000 16.00 130, 600
5.40 20, 200 7.50 34,400 10.20 59, 000 16. 50 137,600
5.50 20, 750 7.60 35,200 10.40 61, 000 17.00 144, 660
5.60 o2, 300 - 7.70 36, 000 10. 60 63, 000 17.50 151, 600
5.70 21, 900 7.80 36, 800 10. 80 65, 000 18.00 159, 000
5.80 22, 500 7.90 37,650 11.00 67,100 18.50 166, 500
5.90 23, 150 8.00 38, 500 11.20 69, 200 19.00 174, 000
6.00 23, 800 8.10 39, 350 11.40 71, 400 19.50 181, 500
- 6.10 24, 450 8.20 40,200 11.60 . 73,700 20.00 189, 000
6.20 25,100 8.30 41,100 11. 80 76, 000 21.00 204, 400
6.30 25, 800 8.40 42, 000 12.00 78, 300 22.060 220, 000
6.40 26. 500 8. 50 42,900 12.20 80, 600 23.00 236, 000
6. 50 27.200 8.60 43, 800 12. 40 83,000
6. 60 27,900 8.70 44,700 12.60 85,400

The above table is applicable only for open-channel conditions. It is based on six discharge measure-
ments made durin~ 1905, and is fairly well defined between gage heights 7 feet and 20 feet.

Estimated monthly discharge of Missourt River near Kansas City, Mo., for 1905.

. [Drainage area, 492,000 square miles.]

Discharge in second-feet. Run-off,
Total in
Month. Second-feet :
Maximum.| Minimum. | Mean. | 2¢Tef®et. | hosanare Depltlh n
mile. inches.
84,800 33, 600 48,990 | 2,915,000 0.100 0.112
138,300 44,700 81,170 | 4,991,000 .165 .190
148,800 73,700 | 111,800 | 6,653,000 .27 .253
236, 000 91,550 | 150,800 | 9,272,000 .307 .354
105,800 45,150 77,740 | 4,780,000 .158 .182
168, 000 30,700 71,000 | 4,225,000 144 .161
49,680 28,250 | 35,560 | 2,185,000 072 .083
54,500 30,350 38,520 | 2,292,000 .078 .087 -
42,450 16,250 | 25,750 | 1,583,000 .052 .060
............ : 38,900,000 | oo.eoveinnifiniaeennns
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MISCELLANEOUS MEASUREMENTS.

The following miscellaneous discharge measurements were made in the Missouri River
basin in 1905: ’

Miscellaneous discharge measurements made in Missouri River drainage basin in 1904 and

1905.
: b s Area of | Mean | Gage | Dis-
Date. Stream. Locality. width. section. |velocity.| height.| charge.
Ft. per
1904. Feet. | Sq.ft. sec. Feet. | Sec.ft.
June 5. ........| Little Sioux.._..... Cherokee, Iowa..... 137 1,232 2.07 |..eo.... 2,558
1905.
June25. . ..... Missouri............ Mannhaven, N.Dak.! 1,435 9,200 5.65 7.68 | 52,000
Great Falls, Mont..|........ 1,876 3.24 |l 6,100
..... do... ... 961 2,645 4.66 |........| 12,330
..... do....ooii.. 961 1,082 1.80 |..c..... 1,951
Lombard, Mont._..| ....... 50 1.07 |........ 53
August 16.._._|..._. do. . e s Uo SRS (R 23 85 |.l... 19
Septembter 22...|..... do....ooiii]as do. 17 I 2 PO 16

SMITH RIVER DRAINAGE BASIN.
SMITH RIVER AT TRULY, MONT.

Smith River rises in the Castle Mountains, in southern Meagher County, Mont., flows north-
westward, and enters the Missouri about 15 miles southwest of Great Falls.

The gaging station was established March 7, 1905. It islocated at a steel highway bridge
on the county road running up Smith River valley, in the center of sec. 35, T. 19 N., R. 2 E.,
Montana prime meridian, near the discontinued post-office of Truly, and about 20 miles
southwest of Great Falls, Mont., whence it is reached by driving. ‘

The channel is straight for 200 feet above and 1,200 feet below the station. Both banks
are high, but the left may overflow in extremely high water. The bed of the stream is com-
posed of gravel and flat pieces of sandstone, is free from vegetation, and is permanent.
There is but one channel at all stages and the current is fairly swift.

- Discharge measurements are made from the downstream side of the bridge, which has but
one span, though there is a trestle approach at the left bank. The initial point for soundings
is marked with white paint on the end post of the truss on the left side of the bridge just
above the hand rail.

The gage, which is read twice each day by Henry V. Evans, was originally a vertical rod
set into the bed of the stream and braced to the downstream side of the bridge. This was
replaced May 11, 1905, by a standard chain gage fastened to the upstream hand rail of the
bridge, the same datum being used. The length of the chain is 20.40 feet. The gage is
referred to bench marks as follows: (1) A point marked in black paint on the southwest
corner of the stone abutment, at the north end of the bridge; its elevation is 12.61 feet above
the zero of the gage and approximately 3,400 feet above sea level. (2) A nail in the trunk
of a large cottonwood tree at the end of the southwest approach to the bridge, 70 feet back
from the initial point for soundings on the downstream side of the road; elevation above
gage zero, 13.36 feet.
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Discharge measurements of Smith River at Truly, Mont., in 1905.
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Date. Hydrographer. Width, Q@i?oﬁf. vgf‘o%%y. h(e“;; . c}fa)aigg_e.
Ft. per
Feet. | 8q.ft. sec. Feet. Sec. ft.
Porterand Bird..................... 87 119 1.37 1.80 163
Stockman and Porter............... 81 101 1.24 1.62 25
September 1...| A. P. Porter. .. .oooiiii i 40 .76 1.20 31
Daily gage height, in feet, of Smith River at Truly, Mont., for 1905.
Day. Mar. | Apr. | May. | J une. | July. Aug. | Sept. | Oct. | Nov. Dec.
1.58| 1.6 19| 218! 17 .25 1.28{ 1.43 1.38
1.58 1.55 1.9 2.15 1.75 1.28 1.3 1.45 1.4
........ 1.6 1.6 1.88 2.1 1.8 1.23 1.3 1.45 1.4
........ 1.55 1.6 1.95 2.05 1.65 1.25 1.35 1.53 1.58
........ 1.58 1.6 2.056 2.0 1.6 1.23 1.32 1.53 1.6
........ 1.55 1.5 2.15 1.92 1.6 1.23 1.3 1.55 1.62
1.8 1.58| 1.5 2.2 1.88 | 1.55] 1.2 1.3 1.55 1.55
1.78 1.6 1.55 2.2 1.85 1.5 1.22 1.3 1.55 1.58
1.8 1.7 1.5 2.15 1.85 1.5 1.2 1.3 1.55 1.6
1.8 1.55 1.58 2.35 1.75 1.48 1.2 1.3 1.55 1.58
1.65 1.55 1.68 2.55 1.72 1.4 1.2 1.32 1.55 1.52
1.65 1.6 1.75 2.65 1.65 1.4 1.2 1.35 1.55 1.52
1.52 1.5 1.65 2.45 1.6 1.4 1.18 1.4 .1.55 1.5
1.45 1.58 1.65 2,35 1.6 1.4 1.18 1.4 1.55 1.5
1.75 1.6 1.6 2.3 1.6 1.4 1.18 1.4 1.55 1.52
1.75 1.6 1.6 2,28 1.6 1.4 1.2 1.4 1.55 1.5
1.75 1.6 1.58 2.17 1.68 1.4 1.18 1.42 1.55 1.5
1.75 1.6 1.6 2.2 1.6 1.4 1.18 } - 1.45 1.55 1.4
1.75 1.6 1.8 2.12 1.6 1.4 1.18 1.45 1.55 1.4
1.72 1.6 1.88 2.0 1.62 1.32 1.18 1.32 1.55 1.48
1.72 1.6 1.85 2.0 1.6 1.3 1.18 1.4 1.55 1.55
1.7 1.6 1.85 2.0 1.6 1.3 1.15 1.4 1.55 1.7
1.68 1.6 1.95 2.25 1.58 1.3 1.15 1.5 1.45 1.6
1.65 1.6 1.9 2.35 1.52 1.3 1.15 1.5 1.3 1.5
1.65 1.6 1.9 2.4 1.5 1.3 1.15 1.53 1.33 1.4
1.52 1.6 1.9 2.48 1.5 1.3 1.15 1.5 |0 1.35 1.45
1.62 | - 1.6 1.9 2.52 1.52 1.3 1.15 1.53 1.3 1.45
1.62 1.6 1.9 2.4 1.85 1.3 1.15 1.5 1.38 1.35
1.65 1.6 1.9 2.28 1.72 1.3 1.18 1.53 1.25 1.45
1.62 1.6 1.9 2.2 1.65 1.28 1.25 1.65 1.28 1.4
1.55 [........ 1.9 |..o..... 1.6 1.25 (... .. L5 ..., 1.35

NoOTE.—Practically open-channe! conditions during December.

- SUN RIVER DRAINAGE BASIN,
DESCRIPTION OF BASIN.

Sun River rises on the eastern slope of the Rocky Mountains in northwestern Montana,
flows southward for about 60 miles, then, turning abruptly, flows eastward through a canyon
in the confining mountains, emerging on a level plain through which it runs for 75 miles to
its junction with the Missouri at Great Falls. The basin lies between Teton River on the
north, the Dearborn on the south, the Missouri on the east, and the crest of the main range
of the Rockies on the west.



38 STREAM MEASUREMENTS IN 1905, PART VIII.

Along its entire course through the plain the river has eroded a broad, level bottom, which
averages about 1 mile in width and is from 5 to 25 feet above the surface of the water in the
river. This bottom is bordered by a steeply sloping bluff, ranging in height from 300 to 500
feet, the top being the level surface of the plain, which extends north and south as a gener-
ally flat bench to the next river channel, where a similar bluff and bottom appear.

A project for reclaiming the bench lands between Sun and Teton rivers is under consid-
eration by the United States Reclamation Service, and for that reason gaging stations have
been maintained by the United States Geological Survey during 1905.

Information in regard to this basin is contained in the Annual Reports of the Reclama-
tion Service and in the Annual Reports of the United States Geological Survey as follows:

Description: 11, ii, pp 43. -
Irrigation surveys: 11, ii, pp 120-133; 13, iii, pp 56-57, 371-3%6.

NORTH FORK OF SUN RIVER NEAR AUGUSTA, MONT.

This station was established October 31, 1903. It is located below the head of the Kil-
raven ditch, near Christian’s ranch, 14 miles northwest of Augusta and 21 miles southwest
of Choteau, Mont. 4

The channel is straight for about 200 feet below and 300 feet above the station. The right
bank is low and may overflow at flood stages; the left bank is high and rocky. The bed of
the stream is of solid rock. The current is sluggish.

Discharge measurements are made by means of a cable, car, tagged wire, and stay wire.
The initial point for soundings is the left cable support.

A standard chain gage, which, since March 1, 1905, has been read daily by G. B. Christian,
who lives about one-half mile from the gage, is Iocated on the left bank about 250 feet below,
the cable. The horizontal scale board is painted white and is fastened to three posts set in
the ground. The length of the chain is 13.02 feet. The distance from the outside edge of
the pulley to the zero of the scale is 4.00 feet. The gage is referred to bench marks as fol-
lows: (1) The highest point on a rock in the river, 12 feet upstream from the gage; size of
the rock, 4 cubic yards; elevation of bench mark above gage zero, 3.96 feet. (2) A nail in
the root of a cottonwood tree 15 feet east of the gage,; elevation, 14.47 feet above gage zero.
(3) A nail in the post which supports the inshore end of the gage; elevation, 10.69 feet
above gage zero.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: WS 99, pp 116-117; 130, p 90.
Discharge monthly: Ann 11, ii, p 94; 12, ii, pp 347, 360; 13, iii, p 93; 130, p 90.
Discharge, yearly: Ann 13, iii, p 98; 20, iv, p 53.

Gage heights: WS 130, p 90.

Hydrograph: Ann 12, ii, p 234. . ,

Discharge measurements of North Fork of Sun River near Augusta, Mont., in 1905.

Date. Hydrographer. Width, | Area of Veﬁ’loﬁfy_ hgiagf;’f‘t‘_ crE;Ze.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
115 357 1.41 1.34 502
135 508 2.63 2.36 1,335
143 769 5.00 3.99 3,842
. 143 772 5.01 4.01 3,860
September 25 .. Gordon Edson................__..... 86 C92 2.21 .70 205
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" Daily gage height, in feet, of North Fork of Sun River near Augusta, Mont., for 1905.

Day. Mar. . Apr. | May. | June. ' July. | Aug. | Sept. Oct. | Nov. Dec.
0.7 0.5 1.2 3.4 2.2 1.4 0.8 0.7 0.7 1.0
.65 5 L2 39| 24| 13 .8 7 7 1.0
.65 .5 13| 40| 24 1.3 .8 7 .7 1.0
6| 5 1.3 40| 2.4 1.3 .8 7 .6 1.0
6 .5 1.3 3.9 2.4 1.3 .8 .7 .6 1.0
.65 .5 1.3 4.1 2.3 1.3 .8 7 .6 1.0
.65 5 1.3 4.0, 2.3 1.2 .8 7 .6 1.0
.65 5 17| 39| 23 12 .8 7 .6 1.0
7 g0 22! 3.9 20 1.2 .8 7 .6 1.0
7 .9 2.1 3.5 1.9 1.2 817 .7 .6 L0
.65 .9 19| 3.4 1.9 L2 .8 7 .6 1.0
.6 8 18] 3.5 1.8 L1 .8 7 .6 1.0
.6 .8 1.8| 3.5 1.7 11 .8 .7 .6 1.0
.6 8 20| 32 1.8 1.1 .8 7 .6 1.0
.6 8| 20| 3.0 1.9 L1 .8 7 .6 1.0
.6 7 22| 28 1.6 L1 .8 .7 .6 1.0
.6 7| 22] 26| ne| 1o .8 7 .6 1.0
.6 81 24| 24 1.5 1.0 .8 .7 .6 1.0
.6 8 25| 23 1.5 1.0 .8 .7 .6 1.0
.6 8] 27| 22 1.5 .9 .8 .7 .6 1.0
.6 8| 29! a3 1.4 .9 .8 7 .6 1.0
.6 9 27| 23 1.4 .9 .8 7 .6 1.0
.6 10| 25 23 1.4 .9 .8 7 .6 1.0
.6 1.3 24| 23 1.4 .9 7 7 .6 .9

9 .6 1.5 2.4 2.3 1.4 .9 .7 .7 .6 .9
.6 1.6 24 23 1.3 .9 7 7 .6 .9
.6 1.5 2.4| 2.3 1.3 .8 7 7| 1o .9
.6 1.3 23| 2.3 1.3 .8 T 7| 1o .9
.6 1.3 24| 23 1.4 .8 7 a0 Lo .9
.7 1.3 25| 22 1.3 .8 .7 7 1.0 .9
I 3.0 [ooennns 1.4 -3 4 .9

Note.—Readings to top of ice November 27 to December 23.

Station rating table for North Fork of Sun River near Augusta, Mont., from January 1 to
December 31, 1905. )

hg'iag et. Discharge. hgiaé%?:. Discharge. h(:iaé%%. Discharge. h(giz eé. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.t.
0.50 125 1.40 537 2.30 1,280 3.20 2,410
0.60 161 1.50 602 2.40 1,380 3.30 2,570
0.70 199 1.60 672 2.50 1,485 3.40 2, 740
0.80 239 1.70 CT47 2.60 1,595 3.50 2,920
0.90 281 1.80 827 2.70 1,710 3.60 3,100
1.00 325 1.90 912 2.80 1,830 3.70 - 3,280
1.10 372 | 2.00 1,002 2.90 1,960 3.80 3,470
1.20 422 ‘ 2.10 1,092 3.00 2,100 3.90 3,670
1.30 477 | 220 1,185 3.10 2,250 1.00 3,870

.The above table is applicable only for open-channel conditions. Itis based on ten discharge measure-
ments made during 1904-5. It is well defined between gage heights 0.6 foot and 2.5 feet, and above 2.5
feet is based on two flood mepsurements at 10 feet.
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Estimated monthly discharge of North Fork of Sun River near Augusta, Mont., for 1905.

Discharge in second-feet.

Month. i Doty

. Maximum. | Minimum. | Mean. S
199 161 170 10,450
672 125 282 16,780
2,100 422 | ~ 1,119 68, 800
4,070 1,185 2,303 137,000
1,380 477 823 50, 600
537 239 356 21,890
September-. .. P .. 239 199 230 13,600
OCEODRE . . .. oot e e 199 199 199 12,240
November 1-26. . ... i 199 161 165 9,818
December24-31.. ... ... ... oo...... e 281 281 281 4,459
The period. . . ... oo e i 345,700

|

NoTE.—No estimate for ice period.
SOUTH FORK OF SUN RIVER, AT AUGUSTA, MONT.

This station was established December 2, 1904. It is located at the highway bridge on
the road from Augusta to Craig, Mont., about one-half mile from Augusta.

The channel above the station is straight for 20 feet and then turns to the right; below
the station it is straight for 30 feet and then forks into two branches. Both banks are high
and not liable to overflow. The bed of the stream is composed of coar e gravel and cobble-
stone. The current is sluggish. Two sloughs on the east side and an irrigation ditch on the
west side of the bridge carry water past the point of measurement.

Dlscharge measurements are made from the upstream side of the single-span bridge. The
iniflal point for soundings is at the east end of the hand rail, directly over the face of the
right abutment.

The gage, which is read daily by Richard Auchard, is a vertical rod spiked to the crib
work of the east or right abutment on the downstream side. The gage is referred to bench
marks as follows: (1) The head of a spike surrounded by a ring of nails in the top of the east
abutment on the downstream side; clevation, 4.89 feet. (2) A spike in the root of a large
cottonwood tree 75 feet west of the west end of the bridge on the north side of the road;
elevation, 4.63 feet. Elevations are above zero of gage.

A description of this station, with gage-height and discharge data, is contained in Water
Supply Paper No. 130 of the United States Geological Survey, page 90.

Discharge measurements of South Fork of Sun River at Augusta, Mont., in 1905.

: Area of | Mean Gage Dis-
Date. Hydrographer. Width.| seetion. | velocity. | height. | charge.
Ft. per
. Feet. 8q. ft. sec. Feet. Sec.~ft.
May6......... Stockman and Porter_......_....... 26 33 0.47 0.72 16
May26......... A.P.Porter................oo..... 32 52 1.25 1.27 66
Junebs......... 70 107 3.51 2.14 375
August25. ... 31 20 .63 .59 13
November 1... 18 7.9 .70 T .45 5.5




SUN-RIVER DRAINAGE BASIN, 41

Daily gage height, in feet, of South Fork of Sun River at Augusta, Mont., for 1905.

|
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1.3 1.6 1.1 1.0 1.0 1.8 1.9 ! 1.9 0.5 0.6 0.4 1.6
1.3 1.8 L1 1.0 9 L7 1.9 1.5 .5 .6 .5 1.8
1.2 1.8 1.1 1.0 1.0 | 1.7 1.8 1.4 .55 .6 .6 1.6
1.0 1.0 1.0 1.7 1.7 1.3 .6 .7 .6 1.6

1.0 91 L0| 20 | L7 | L3 .65 ] 6| 16

1.0 .9 1.0| 2.1 1.7 1.3 .6 .7 .6 1.6

1.0 .9 1.0 2.35 1.6 1.2 .6 .8 7 1.6

1.0 .9 6 2.1 1.6 1.2 .6 .8 .7 1.6

1.0 .9 81 245 1.5 1.1 .6 .8 .7 1.6

1.0 .9 1.0 2.4 1.4 1.1 .6 .8 -7 1.6

1.0 .9 1.0| 2.4 1.4 1.1 .6 .8 .7 1.6

1.0 .9 1.0 2.25| 1.4 1.0 .6 .8 .7 1.6

.9 .9 1.0; 21 1.35] 1.0 .6 .8 .7 1.6

1.1 1.0 Lo 21 1.2 1.0 .6 .8 .7 1.4

1.05 .95 1.1 2.0 1.2 1.0 .6 .8 .8 1.4

1.05 .95 1.1] 1.9 1.2 .9 .6 .8 .8 1.4

1.05| 1.0 1.2 178 1.1 .9 .5 .9 .8 1.2

1.05}) 1.0 1.3 ) 1.7 1.1 .9 .5 .9 .8 1.2

1.1 1.0 1.2 1.65 1.1 .9 .5 .9 .8 1.2

1.1 1.05 1.2 1.6 11 .9 .5 7 .9 .9

1.0 1.0 1.2] 1.55| 1.1 .8 .5 .8 .9 1.3

1.1 1.0 1.2 15| 1.0 .8 .5 .8 1.2 1.4

1.0 1.0 1.2 1.62; 1.0 .6 .5 .8 1.2 1.4

1.0 1.0 . 1.2 1.68 1.0 .6 .5 ) 7 1.3 1.5

1.0 1.0 1.2 1.78 .9 .6 .5 7 1.3 1.5

1.0 1.0 1.2 2.2 .9 .6 .5 .6 1.3 1.5

1.0 1.0 1.3 2.2 .9 .6 .6 .6 1.3 1.5

1.0 1.0 1.4 2.056] 1.0 .55 .6 .6 1.4 1.5

1.0 .9 1.5] 2.0 1.0 .5 .6 . .6 1.4 1.5

1.0 1.0 1.7 1.98] 1.0 .5 .6 .4 1.4 1.5

LO |....... 1.7 |oaann ‘ 1.0 I T P I T P 1.5

NotE.—River frozen and readings to surface of ice January 9 to February 27, inclusive, and Novem-
ber 22 to December 31, inclus’ -e.

Station rating table for South Fork of Sun River at Augusta, Mont., from January 1 to
December 31, 1905.

hgiag%et Discharge. h%?g‘%? Discharge. heGiaé%%. Discharge. hgiag%i‘ Discharge.

Feet. Sec.ft. Feet. Sec.-jt. Feet. Sec.-ft. Feel. Sec.-ft.
0.40 4 1.00 37 1.60 130 2.10 370
0.50 7 1.10 46 1.70 160 2.20 430
0.60 11 1.20 58 1.80 200 2.30 490
0.70 16 1.30 73 1.90 250 2.40 550
0.80 22 1.40 90 2.00 310 2.50 620
0.90 29 1.50 110

The above table is applicable only for open-channel conditions. It is based on five discharge
measurements made during 1904-5. It is fairly well defined between gage heights 0.5 foot and 1.2 feet;
above this point it is based on one measurement at 2.14 feet.
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Estimated monthly discharge of South Fork of Sun River at Augusta, Mont., for 1905.

Discharge in second-feet.
Total in
Month.

Maximum.| Minimum. | Mean. | 2cre-feet.
46 29 39.4 2,423
42 29 34.2 . 2,035
160 11 56. 4 3,468
585 120 295 17,550
250 29 85.5 5,257
250 7 43.4 2,669
September. . ... iiiiiiiiieiaaiiaan 14 7 9.4 559
October 29 4 18.0 1,107
November 1-21 .. ... ... it 29 4 16.7 696
The period. ... i 35,760

NoTE.—No estimate for ice period.

SUN RIVER AT SUN RIVER, MONT.

This station was established July 31, 1905. It is located at the highway bridge at Sun
River, Mont., 21 miles west of Great Falls, and is used for the purpose of checking the
measurements of the river and the ditches above.

The channel is slightly curved above the station and straight for 100 yards below. Both
banks are highand will overflow only at extreme flood stages. The bed of the stream is com-
posed of loose and coarse gravel. The flow is comparatively swift, but there is some back-
water effect near the left bank.

Discharge measurements are made from the lower side of the bridge, which has two spans
of 100 feet each. The initial point for soundings is the hand rail over the downstream pier
at the left bank. Low-water measurements are made by wading at a point 100 {eet above
the bridge.

Until September 27, 1905, the gage was read occasionally by different employees of the
United States Reclamation Service; on the latter date R. A. Lange was employed as a tem-
porary observer, and observations were made daily to the end of the year. The first gage
consisted of a strip of galvanized iron nailed to a pile near the left bank of the river 150 feet
above the bridge. August 16, 1905, this was replaced by a vertical rod gage fastened to the
same pile, and the datum of the gage was lowered 1.52 feet. The gage is referred to bench
marks as follows: (1) A nail on the corner of the house nearest the gage; elevation, 14.16
feet. (2) The bottom of the outer eyebar in the lower chord of the bridge, 3 feet from the
first panel point from the left (north) end of the bridge, on the upstream side; elevation,
13.90 feet. Elevations are above the datum of the gage.

Discharge measurements of Sun River at Sun River, Mont., in 1905.

Date. [ Hydrographer. Width. :e(rz%?ogf. vgldoecsiltly. hgiz%et. ch]z)zltgg-e.
Ft. per
Feet. Sq. ft. sec. Feet. Sec.ft.
July3l........ A.P.Porter. ...l 91 180 (- 2.38 2.52 427
August 14 ____ ..., do............ 60 85 3.42 2.10 289
September 27...| Gordon Edson........_............. 53 43 2.15 1.44 92
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Daily gage height, in feet, of Sun River at Sun River, Mont., for 1905.

Day. July.| Aug. | Sept.| Oct. | Nov.| Dec. Day. July.| Aug. |Sept.| Oct. | Nov. | Dec.

T

145 [ 2.0 {205
Jd14 |20 |20
1.55 | 2.0 |2.05
Ao ‘1.82 |20 |2.05
182 |20 |2.05
1.85 | 2.0 |2.05

1.6 | 1.85 | 2.05 2.0

1.6 | 1.9 |2.05 2.0

1.6 | 1.7 | 2.0 2.0

1.5 | 2.0 !2.0 2.0

L5 |21 |20 2.0

1.5 |21 |20 1.9
2.1

. 1.85 1 2.0 |2.06 1.4 2.0 1.9
.| 1.85 | 2.0 | 2.05 L5 | 2.0 |20 2.0
-1 1.82 2.0 |2.06 1.5 |21 |20 2.0

19 | 2.0 |2.05 1.5 | 2.0 |2.0 2.0

1.5 {20 |20 2.0
1.5 2.1 [2.06] -2.0
1.45 | 2.0 | 2.05 2.0

1.9 {20 |20
1.85 | 2.0 | 2.0
1.9 [ 2.0 |20

Mool 2.1 |...... 1.9 {20 |20 1.45 | 2.0 | 2.05 2.0
) L TR PRI PR P 19 (20 12,0 310|252 | ... 2.1 |...... 2.0
160 e 2.03 f......11.9 | 205220

Note.—Gage heights all referred to datum established August 16, 1905. River frozen December 2-16;
readings to water surface. Ice 4 inches thick December 11.

Estimated monthly discharge of Sun River at Sun River, Mont., for 1905.

Discharge i d-feet.

Month. ischarge in second-feet Total in

Maximum. | Minimum. | Mean. | 2crefeet.
AUgUSt (T ARFS) o e ee et e e 323 180 239 14,700
September (17-30) . - o e ov it e 137 80 110 6,545
OCtOber . - oot 288 80 221 13,770
November. ; 272 256 259 15,410
December.... ... ... 272 225 259 15,920
The period. ... ... . o it L. o : ____________ [ __________ 66, 340

) \

NoTte.—These estimates are only approximate owing to lack of measurements.

WILLOW CREEK NEAR AUGUSTA, MONT.

Willow Creek rises in the northern part of Lewis and Clarke County, and flows north-
eastward into North Fork of Sun River.

The gaging station was established June 8, 1905. It is located at Jordan’s ranch, just
below the junction of Willow Creek with Little Willow Creek, about 8 miles northwest of
Augusta, Mont., in sec. 27, T. 21 N., R. 7 W., from which it is reached by driving.

The channel is straight for 200 feet above and 40 feet below the station. Both banks
are fairly high and the left is thickly wooded. The bed of the stream is composed of clean,
hard gravel, with an occasional bowlder. There is but one channel at all stages.

Discharge measurements are made from the upstream side of the old wooden footbridge,
having a span of 19 feet. The initial point for soundings is directly over the face of the
left abutment of the bridge. Low-water measurements are made by wading just above
the gage.

Daily gage readings are taken by S. N. Jordan, who lives about 200 yards away. The
original gage was a rod located on the left bank of the stream 30 feet above the measuring
bridge. August 22, 1905, a standard chain gage was installed on the bank near the rod
gage and made to read the same as the latter. The horizontal arm is fastened to three
posts set in the bank. The length of the chain is 14.03 feet. The gage is referred to bench

IRR 172—06——4
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marks as follows: (1) A nail in the head of a 2 by 4 inch stake driven nearly flush with the
ground on the top of a little hill on the left side of the path leading from the gage reader’s
(2) A point on a log on the left abutment, down-
(3) The zero of the old gage rod, which is

house to the gage; elevation, 9.25 feet.

stream side of the bridge; elevation, 2.86 feet.
just level with the zero of the chain gage. Elevations are above the datum of the gage.

Discharge measurements of’ Willow C'reek near Augusta, Mont., in 1905.

Date. Hydrographer. width. Ares of ‘Vg‘l‘gg't‘y. h'g'féiet. Ctg;;;e
‘ Ft. per
Feet. Sq. 1t. sec. Feet. Sec.-ft.
JuneS8......... Porter and Casen. ! 13 28 1.55 2,12 58
July13........ H. P.POrter.....oooeeeaeanee.ns ‘ 17 12 1.95 1.19 23
August 22 ... Porterand Edson___._.............. : 16 8 1.43 .95 12
November 2 .__| Gordon Edson...................... 14 4 LT .61 3
|
Daily gage height, in feet, of Willow Creek near Augusta, Mont., for 1905.
Day. June. ! July. ! Aug. : Sept. | Oect. | Nov. | Dec
U 1__77 . I _— —_— |
245, 20 1 09 | 06 07 0.65
23 1.52 } .9 6 .7 .65
2250 L4 | .88 .58 .7 .65
2,121 138 .88 .58 .7 .65
1951 L3 .87 .58 .7 .68
L& 128 .87 .55 .7 .68
1.7 L2 | .8 .55 .7 .7
1.65 | L2 .85 .58 7 .7
. 1.6 1.18 .8 .62 .7 .7
243 132 L12 .78 .62 .8 .7
2,22 | 1.2 L1 .8 .65 .7 .7
2.1 118 1L08| .77 .65 .73 .7
2.0 1.15 | 1.08 7, .65 .75 .7
Le Lon12lono2 7T .65 75 .72
L&, 105, 1.0 .75 .65 .75 .7
168 1 1.05 .98 .75 .65 .73 .72
Le2i .95 1.0 N .65 .73 .75
Ls . .e2 Lo 75| .65| .73 .75
L4810 .9 | 10 | .72| .68| .73 .78
1.4 | .8 .98 .72 72 .68 .75
122 .8 .95 .72 .75 .7 .75
L8 95| 7 s 7 .72
2151 .8 .9 .7 .75 .7 7
222, .8 9 68| 12| .13 7
2.6 | .8 .95 .68 .72 .7 .68
3.15)  .8 05 65| 13| .7 .65
2.77 i .9 .95 .65 .73 .68 .65
2.55 1 .92 9 .62 .7 .62 .65
243 108 92 .62 7| .6 .6
2320 11 .9 .6 .7 .6 .6
........ ‘ 1.18 O || T .6
j

NoTE.—Practically open-channel conditions during December.
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MISCELLANEOUS MEASUREMENTS.
Miscellaneous discharge measurements made in Sun River drainage basin, Montana, in 1905.

Date. Stream. Locality. Width, [ATea of L{e:i?- e,
Ft. per
Feet. | Sq.ft.| sec. |Secft.
May 30........ B. E.and T. Irrigation | Augusta.... . .........|c....... 2.8 .1.57 4.4
Ditch.e ’
Nouvember 7...0 Ford Creek. . ... |oiimmaiiiiiiiiiiiiiiaion 14.5 8.7 1.15 10
- November 9 ...| North Fork of North Fork | Dam site, reservoir 20 36 1.29 47
of Sun River. No. 3.
November 10...| South Fork of North Fork |..... L6 1 T 47 67 .89 59
of Sun River. )
November 10...| Bear Creek................ 1 mile above mouth.. .. 7 231 1.24 3.8

a This ditch takes water out of South Fork of Sun River just above the gaging station.

BELT CREEK DRAINAGE BASIN.

BELT CREEK NEAR BELT., MONT.

Belt Creek rises in Little Belt Mountains, flows in a general northerly direction, and enters
the Missouri about 15 miles northeast of Great Falls.

The gaging station was established March 18, 1905. It is located at the highway bridge
near Belt, Mont., in the NW %, NE 1, sec. 18, T. 20 N., R. 7 E., 20 miles east of Great Falls,
from which it is reached by driving.

The channel is straight for 50 feet above and below the station and curves to the right
above. Both banks are high and the right bank is slightly wooded above the station. The
bed of the stream is composed of rock, is free from vegetation, and is permanent. There is
but one channel at all stages. The current is very sluggish, the velocity at low water being
so small that current-meter measurements can not be taken. '

Discharge measurements are made from the upstream side of the bridge, which consists of
a single span. The initial point for soundings is marked with white paint on the upstream
side of the bridge just over the face of the right abutment. . .

The gage is read once each day by Mrs. Anna Epperson. The gage first established was a
vertical rod bolted to the second floor beam from the east end of the bridge on the upstream
side. May 12, 1905, a standard chain gage was placed on the upstream side of the bridge
and made to read the same as the old gage. The length of the chain is 16.86 feet. The
gage is referred to bench marks as follows: (1) A black cross painted on top of a stone in the
top of the upstream side of the left abutment; elevation, 19.19 feet. (2) A nail in the root
of a 14-inch cottonwood tree, 25 feet east of the initial point for soundings, and 20 feet north
of the center of the highway; elevation, 10.82 feet. Elevations are above the datum of the
gage.

Discharge measurements of Belt Creek near Belt, Mont., in 1905.

Area of | Mean Gage Dis-

Date. } Hydrographer. Width. section. | velocity.| height. | charge.
Ft. per

Feet. | Sq.ft. Wsec. * | Feet. | SecHt.

40 45 0.18 1.59 8.0

40 47 .17 1.61 7.8

55 160 3.61 3.85 578
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Daily gage height in feet, of Belt Creek near Belt, Mont., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Nov. | Dee.

1.6 1.6 2.5 3.0 19 1

1.55| 1.6 2.6 3.0 20 1

1.55| 1.6 2.6 3.0] 20 1

1.6 1.6 3.1 2.9 2.0 1

1.6 1.6 3.15 2.9 2.0 1

1.6 1.6 3.3 2.8 1

1.6 1.6 3.35 2.8 1

1.6 1.6 3.5 2.8 1

1.6 1.6 3.85 2.5 1

1.6 1.6 1.1 2.5 1

1.6 1.6 | 4.05 2.5 .1

1.6 | 1.6 | 3.6 2.5 1

1.6 1.6 | 3.6 2.5 .1

1.65| 1.65 3.6 2.5 1

1.65 .65 3.5 2.5 1.1

1.65| 1.65' 3.35 2.6 1.1

1.65| 1.65 3.3 2.5 1.1

1.6 1.65| 3.2 2.4 1.1

1.6 1.65 | 3.1 2.3 1.1

1.6 1.65| 3.0 2.3 11

1.6 1.7 J 3.0 2.3 1.1

1.6 1.7 3.0 2.3 1.1

1.6 1.7 3.0 2.0 1.1

1.6 2.0 3.2 2.0 1.1

1.6 2.1 3.5 2.0 |. 1.1

1.6 2.3 3.2 2.0 11

1.6 2.3 3.0 2.0 .t 1.1

1.6 2.3 3.1 2 1.1
29, et 1.55| 1.6 2.4 3.0 1.1
B0, et 1.6 1.6 2.4 3.0 2.0 . 1.1
Bl s 1.6 |oeeen.. 2.4 |oo..... 1.9 o 11

a Dry, August 21 to November 29.
NoTe.—Gage height for December, estimated.

HIGHWOOD CREEK DRAINAGE BASIN.
HIGHWOOD CREEK NEAR HIGHWOOD, MONT.

Highwood Creek rises in the Highwood Mountains, flows northwestward, and enters
Missouri River about 30 miles below Great Falls.

The gaging station was established March 19, 1905. Tt is located at a highway bridge
leading up Highwood Creek Valley, at Smith’s ranch near Highwood, in sec. 5, T.20N.,
R. 8 E., Montana prime meridian, and 30 miles east of Great Falls, from which it is reached
by driving.

The channel is straight for 40 feet above and 30 feet below the station; beyond these limits
there are curves and rapids. Both banks are high and the right bank is wooded; neither
bank is liable to overflow. The bed of the stream is composed of rocks, is free from vegeta-

* tion, and is.permanent. There is but one channel at all stages and the current is rather swift.

Discharge measurements are made from the upstream side of the two-span pile bridge to
which the gage is attached. The initial point for soundings is on the upstream side of the
bridge directly over the face of the left abutment.

The gage, which is read twice each day by Richard Smith, consists of a vertical rod,
spiked to the cap on the piles at the northwest end of the bridge, upstream side. The gage is
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referred to bench marks as follows: (1) The head of a 30-penny spike driven in the end of the
pile cap on the center bent of the bridge and marked with a cross in black paint; elevation,

5.83 feet.
the bridge, upstream side; elevation, 7.00 feet

(2) The underside of the end plank on top of the stringer at the northwest end of
Elevations are above the datum of the gage.

Discharge measurements of Highwood Creek near Highwood, Mont., in 1905.

Date. Hydrographer. Width. é&ezﬁogf. vsf‘o%?y. h(;z%%. chI;rZe.
Ft. per
Feet. Sq. ft. sec. Feet. Sec.-ft.
March19......! Porterand Bird................_.._. 16 9 0.85 0.75 8.0
May 13._....... Stockman and Porter ........_._ ... 16 9 .95 .84 8.0
Juneli........ A.P.Porter............oo.oooo..o. 25 28 3.21 1.78 1.
Daily gage height in feet, of Highwood Creek near Highwood, Mont., for 1905.
Day. Mar. Apr. | May. | June. | July. | Aug. Oct. | Nov. Dec
0.75 0.7 1.0 1.15 0.66 J........ 0.55 0.6
.75 .7 .98 1.1 .65 .56 .59
.75 W7 .94 1.08 .52 . .58 .6
.75 .69 1.0 1.05 45 .6 .6
.75 W7 1.25 1.02 1:: 3 PO, .62 .6
.78 .66 1.7 1.02 B2 ... .61 .61
.78 .68 1.65 .98 I3 I R, .6 62
.79 W7 1.58 1.05 P T O .6 .62
.82 .75 2.3 1.02 .48 .6 .65
.83 .8 2.2 .92 .48 .6 .64
.8 .82 1.77 .82 .28 .6 .65
.8 .82 1.6 .82 .35 .6 .65
.82 851 15 .75 .18 .6 .65
.83 .86 ‘ 1.3 [ .78 232 ... .6 .65
.82 .88 1.2 .75 .08 [.o..... .6 .65
.78 .86' 1.18 W72 P N PR, .6 .66
.75 .88 1.2 .68
L * 118 .66
.75 .95 1.1 .68
.75 .98 1.1 .66
W74 .99 1.05 .65
.78 1.02 1.17 .64
.8 1.02 1.33 .62
.78 1.04 1.3 .61
.8 1.05 1.25 .62
.81 1.01 1.25 .61
.85 1.01 1.28 .62
.81 1.01 1.25 .61
72 1.02 1.22 .62
.69 1.04 1.2 .61
........ 1.05 ... .. 7 .6

NoTe.—No flow August 19 to October 28. Practical

.y o
Y O

pen-channel conditions during December.
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MARIAS RIVER DRAINAGE BASIN.

DESCRIPTION OF BASIN.

Marias River rises on the eastern slope of the main divide of the Rocky Mountains and
flows in a general southeasterly direction to its junction with the Missouri. Throughout
its entire length the river flows in a canyon and has a fall not exceeding 5 feet per mile. Its
principal tributaries are Cutbank Creek, Willow Creek, and Cottonwood Creek, which enter
from the north, and Two Medicine Creek, Birch Creek, and Teton River from the south.
The most important of these is the Teton, which has its source in the Rocky Mountains,
flows eastward in a course approximately parallel to that of Sun River, crossing and
recrossing the sixth standard parallel north, and emptying into Marias River about a mile
above the point where the latter joins the Missouri.

The United States Reclamation Service has under consideration a project for diverting
water from the head of St. Mary River across both North and South forks of Milk River to
Cutbank Creek, allowing it to flow down this creek and Marias River for 100 miles or more,
and then taking it out of the Marias by a canal to Big Sandy Creek, a tributary of Milk
River.

Information in regard to stations in this basin is contained in the Annual Reports of the
Reclamation Service and in the Thirteenth Annual Report of the United States Geological
Survey, Part I11, pages 59-60.

MARIAS RIVER NEAR SHELBY, MONT.

This station was established April 4, 1902. It is located at the highway bridge near
James A. Johnson’s ranch, 7 miles south of Shelby, Mont.

The channel is straight for 100 yards above and 200 yards below the station. The right
bank is sandy, slopbing, and liable to overflow; the left bank is high and is protected by sheet
piling and a plank wall. The bed of the stream is composed of sand and gravel, with some
cobblestones, and is liable to shift after freshets. There is but one channel and the eurrent
flows toward the left bank as it rounds a sharp curve some distance above. The velocity
of the current is moderate.

Discharge measurements are made from the highway bridge, the lower chord of which is
about 15 feet above low water. The initial point for soundings is the east end of the bridge
pier on the lower side of the bridge at the left bank.

A standard chain gage, which has been read during 1905 by Mr. Johnson, is fastened to
the upstream guard rail of the bridge. The length of the chain is 21.98 feet. The gage is
referred to bench marks as follows: (1) A rivet head in the footplate at the foot of the
batter post on the top of the southeast pier; the plate is marked “* B. M. 17.54,”” which is the
elevation above gage datum. (2) A spike in the southwest side of a cottonwood stump, 25
feet southeast of the southeast pier; elevation above gage datum, 11.26 feet.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 84, p 32; 99, pp 112-113; 130, p 91.

Discharge: 66, p 23; 84, p 33; 99, p 113; 130, p 91.

Discharge, monthly: 84, p 34; 99, p 115; 130, p 93.

Gage heights: 84, p 33; 99, pp 113-114; 130, p 92.

- Rating tables: 84, p 34; 99, p 114; 130, p 92.
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Discharge measurements of Marias River near Shelby, Mont., in 1905.

Date. Hydrographer. ! Width. ;:{‘i?orolf | v 3“[&31?‘, hg’i&;%et. chIe)Llrsg_e.
i Ft. per

Feet. Sq. ft. [ sec Feet. Sec.ft.
April30 _...... Stockman and Morse. 155 362 2.87 2.88 1,040
May2l........ H. M. MoOrse.....ocoeeieinnanannna.. 165 435 3.35 3.42 1,455
Junel.........|..... Ao . 166 460 3.50 3.53 1,610
July 11........| W.B. Freeman..................... 152 38| 2.9 2.9 1,037
August7...... Ho M. MOrSe. .o ooeeneeeaeeeanee. 135 252 | 146 2.22 369
September 9_..| W.B. Freeman.._.................. 122 181 | .88 C1.78° 159
October 17..... | Freeman and Morse...._........_... 134 238 1.53 2.22 363
November 20 . i W.B.Freeman..................... 127 189 1.08 1.88 204

i
Daily gage height, in feet, of Marias River near Shelby, Mont., for 1905.
June. | July. | Aug. | Sept. Oct. | Nov Dec.

3.5 3.4 2.5 fe.oio.. 2.3 2.0
3.6 3.6 0 S . 2.3 2.5
3.5 3.6 2.4, 1.85 2.3 2.05
3.6 3.5 2.3 oot 2.25 2.05

3.6 3.4 Do T O DR 2.25 2.0

3.5 3.4 2.3 el 2.2 2.0
3.4 4 33 ‘ 2.3 | 2.2 2.05
3.7 3.2, 2 2.18 | 2.05
3.9 ‘ 5.2 2 2.15 2.07
4.0 3.1 2. 2.15 2.07
3.7 2.9 2 2.1 2.07
3.6 2.9 2. 2.1 ‘ 2.07
3 6 | 2.8 3. 2.05 2.07
l 2.8 2. 2.056 2.07

2.7 2. 2.05 2.1

- 2.7 2. 2.0 2.1

3.6 2.6 2. 2.0 2.1

3.5 2.5 2. 2.0 2.1

3.4 2.5 1. 2.0 2.1

3.25 2.5 1. 2.0 2.1
3.3 2.5 1. 1.95 2.67
3.26 2.5 1.¢ 1.95 2.07
T 3.2 2.4 1. 2.07
3.3 2.4 2.05
3.4 2.4 2.05
3.5 2.9 2.07
3.6 2.5 2.07
3.5 2.5 2.07
3.5 | 3.0 2.07
3.4 ! 2.7 2.07
........ 2.5 2.5
NoTE.—No obsetvations from January 1 to April 30 or from August 23 to October 28, Practically

open-channel conditions during December,
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Station rating table for Marias River near Shelby, Mont., from January 1 to December 31,

1905."
hgiag % |Discharge. h(e}iag%?:. Discharge. ] hgiaé % |Discharge. hgiaé%i. Discharge.

Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
1.70 150 2.60 590 | 3.50 1, 550 4.40 2,970
1.80 180 2.70 670 " 3.60 1,690 4.50 3,160
1.90 215 2.80 760 ! 3.70 1,830 4.60 3,350
2.00 250 2.90 80 || 3.8 1,970 | 470 3,540
2.10 290 3.00 950 ||  3.90 2,130 1.80 3,740
2.20 340 3.10 1,050 l 4.00 2,200 4.90 3,940
2.30 390 3.20 1,170 ‘ 4.10 2,450 5.00 - 4,160
2.40 450 3.30 1,290 4.20 2,610
2.50 520 3.40 1,410 4.30 2,790

The above table is applicable only for open-channel conditions. It is based on 16 discharge meas-
urements made during 1904-5, and is well defined between gage heights 1.8 feet and 4.5 feet.

Estimated monthly discharge of Marias River near Shelby, Mont., for 1905.

[Drainage area 2,610 square miles.]

Discharge in second-feet. Run-off.

Month. Totalin | qonond-feet :
Maximum.| Minimum. | Mean. acre-feet. per square ?ggﬁgsm

mile. :
May..oecueaeaaeaaaaans, e 3,910 1,410 2,114 130,000 0.810 0.934
June.... ...l 2,290 1,170 1,585 94,310, .607 .677
JUly .o 1,690 450 870 53,490 .333 .38
August 1-22...__... 520 198 321 14,010 .123 .101
November.............. .. 390 215 279 16, 600 .107 .119
December. ... ...........o..... 290 250 276 16,970 . 106 .122
Theperiod....cooooeomoieioeaiaii oo, PO R, 325,400 |..eeniieeefeaiaaanan

CUTBANK CREEK AT CUTBANK, MONT.

Cutbank Creek rises on the eastern slope of the Rocky Mountains, flows eastward and
then southeastward, and enters Marias River near the town of Cutbank.

The gaging station was established August 4, 1905. It is located in the gorge just
below the steel-trestle bridge of the Great Northern Railway, three-fourths of a mile west
of Cutbank.

Except for a slight curve just above, the channel is straight for 500 feet or more above
and below the cable. At the cable support the right bank is 3 feet higher than the left,
which might overflow at the highest stages; both banks are free from brush and vegeta-
tion. The bed of the stream is composed of gravel with an occasional bowlder, and the
sides are of sandy soil. Fairly accurate results should be obtained, though the current is
rather swift and the bottom somewhat rough. Owing to the distance between the gage
and the cable the slope of the water surface at the two points is probably somewhat different.

Discharge measurements are made by means of a cable with tag wire, which was estab-
lished September 18, 1905, 300 yards below the gage. The initial point for soundings is
on the tag wire 5 feet out from the cable support on the left bank.

The gage is read twice each day by Frank Mason. The first gage was a rod placed’on
the left (east) bank of the creek and nailed to the cribbing at the intake of the railroad
pumping plant. This was replaced August 31, 1905, by a standard chain gage, located
on the left bank 200 feet below the rod gage and made to read the same as the latter. The
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horizontal arm is graduated from 1.5 feet to 10 feet and is supported by posts set in the
bank. The distance from the center of the standard gage pulley to the zero of the gage scale
is 4.98 feet. The length of the chain is 17.35 feet. The gage is referred to bench marks
as follows: (1) A black cross painted on the southwest corner of the yellow sandstone
block at the foot of the bedplate on the top of the upstream masonry pier nearest the water’s
edge at the left bank, of the Great Northern Railway steel-trestle bridge over the creek;
elevation, 16.64 feet. (2) A cross chiseled on the highest point of a large outcropping rock
at the southeast corner of Frank Mason’s house, 75 feet north of the gage; elevation,15.11
feet. (3) A railroad spike driven in the north side of the rear post of the gage 2 fect above
ground; elevation, 11.04 feet. Elevations are above the datum of the gage.

Discharge measurements of Cutbank Creek at Cutbank, Mont., in 1905.

Date. - Hydrographer. Width.| (80T | oloeity. | hewht. | charge.
Ft. per
Feet. 8q. ft. sec. Feet. Sec.Ht.
August 3l ..... W. B. Freeman . . . 31 18 i.24 2.81 22
September 27..| H. M. Morse.............. R 26 12 1.04 2.77 12
October 19..... Freeman and Morse 48 44 1.33 3.30 58
"November 19..| W. B. Freeman . .................... 42 22 2.14 3.11 47

Daily gage height, in feet, of Cutbank Creek at Cutbank, Mont., for 1905.

Day. Aug. | Sept.| Oct. | Nov.| Dec. Day. Aug. | Sept.| Oct. | Nov.| Deec.
2.8 | 2.8 3.2 |24 B ¥ 3.1 2.8 [3.25)3.1 3.7
2.8 129 |3.25)2.45 )18 ... 3.1 128 |31 |51 3.7
2.8 128 3.2 258519 ... .ll. 3.1 |28 |33 |3.1 3.75
2.8 | 2.8 3.2 [3.35 [ 20....cociiiiiai.. 3.0 12.753.253.1 3.7
2.8 {3.1513.25 (2.9 || 21.................. 3.0 2.7 |3.25]3.1 3.55
2.8 |3.6 |3.25|2.8 22 . 3.0 [2.7 325129 3.5
2.8 |3.5 |32 |28 || 2. ... 3.0 |2.7 |3.2 |30 3.4
2.8 |35 3.2 |2.66| 24 ... 3.0 | 2.7 |32 [3.05| 3.35
2.75 | 3.4 3.2 |95 25 ... 2.9 128 132 |31 3.45
2.7 13.4 132 (3.9 126, ....... 2.9 12,7 |3.25|2.95 3.45
2.7 [3.4 315 4.0 |27 2.9 | 2.8 |3.25|28 3.65
2.7 3.3 |31 |10 28 el 2.9 128 |33 |26 3.7
12,7 (3.3 |31 |40 [[29. ..o ... 2.8 {28 |33 |25 3.4
2.7 |33 |31 |3.9 300 i 2.8 [285(3.25 |25 3.3
2.7 133 3.1 3.9 |31 2.8 |...... 3.2 ... 3.4
(2.7 (3.2 131 |38

NorE.—November 26 to December 31 readings were taken throuch a hole eut in the ice.
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TETON RIVER NEAR BELLEVIEW, MONT.

This station was established November 26, 1904. Tt is located in sec. 35,T.25N.,R. 35
W., Montana, prime meridian, about 16 miles above Choteau, Mont. The nearest post-
office is Belleview, Mont.

The channel above the station is straight for about 200 feet at low water, but at high
water the river curves gradually from the left; below the station the channel is straight for
75 feet. Both banks are low and covered with thick underbrush and a few scattered trees.
The bed of the stream consists of coarse gravel and cobblestones and is free from vegetation.
A bar divides the channel at low water. The current is swift and there are some small
rapids down the stream. ) .

Discharge measurements are made by means of a cable, car, and tagged wire a short dis-
tance upstream from the gage. The initial point for soundings is the zero of the tagged wire
at the left bank.

The gage is read daily by Julius Bjornstad, who lives near. The first gage was spiked to
a post on the left bank, about 40 feet above the head of Kroff’s irrigation ditch. March 9,
1905, it was moved by the observer 250 feet upstream on account of the dam erected at the
head of the ditch below. There is no connection between the gage readings before and after
that date, probably on account of the difference in slope of the water surface at the two
points. May 8, 1905, the gage, which is a rod, was referred to the bench marks, and it was.
found that the datum had been raised 0.78 foot in moving, while the difference in the level
of the water surface at the old and new locations was but 0.10 foot. The gage datum was
then lowered -0.20 foot, and it is now 0.58 foot above the original datum. The gage is
referred to bench marks as follows: (1) A nail in a 10-inch cottonwood tree 8 feet west of
the road and 50 feet from the left bank of the river; elevation, 4.85 feet. (2) A nail in a
5-inch cottonwood tree 2 feet east of the road and 50 feet from the left bank: elevation,
4.45 feet. (8) A nail in a 20-inch cottonwood tree serving as a post in Bjornstad’s small
corral; elevation, 2.51 feet. -

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 93-94.

Discharge measurements of Teion River near Belleview, Mont., in 1905.

Date. Hydrographer. Width. ﬁezi?ogt. ve?f‘oi:&ilt]y. hgiz . chI;lrsg_e.
: Ft. per
— ‘ Feet. Sq. ft. [ sec. Feet. Secft.
May8.. ....... Stockman and Porter.........._.... 38 34 1.41 0.40 48
October 12..... Gordon Edson..................... D 38 1.46 .39 56
November 4. __|.....d0. . oo i 36 37 1.38 .38 51
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Laily gage height, in feet, of Teton River near Belleview, Mont., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
-
0.4] 03| 0.15] 0.35| 0.4 | 1.3 | 1.2 | 0.65....... 0.4 | 0.35] 0.25
4 .3 2 .3 45| 1.55 | 1.2 7| 05 .4 .2 .25
4 .3 2 .3 4| 18] 1.2 .7 .5 .4 .2 .15
4ol 4 .3 5 .35 .4 | 18 | 12 IS 2 351 .4 b]
[ S, “ .3 B .3 .4 {18 | 1.15] .7 I N S .35 .0
[ S, 4 .3 5] .35 4 | 20| L1 .6 55 | 4 .3 .0
AU .4 .3 15, .3| .4 | 22 | 1.1 | *.65 45 [ .4 .3 .0
[ .4 31 .15 .35 .4 | 2.2 | 11 .6 45| .4 .55 .0
[ I 4 .31 .35 3 500 22 ] 1.0 .6 45 .41 .35 (5
.3 35 25 .6 | 20 | L0 .6 .4 4 .35 (5
3| .35] .25 .6 | 1.8 | 1.0 55 1 .4 .4 .35 1
30 .35 .25 6 | 1.7 | LO .6 4 45| .35 .1
3| .35 .3 6 | L7 | 10 .6 4 .5 .35 .1
.3 .35 .3 6 | 1.6 95| .6 4 45 .35 1
3| .35] .3 55’ 145, .9 .6 4 45| .35 1
3| .35 .3 550 L4 9 L. 4] .45 .35 .5
3] 8| 3| 65| L4 | .85 ... | 4| 5| .3 .05
3] .35 .3 7| 13 .8 .5 4 5] .3 05
3] .35 .3 .8 | 12 .8 .5 .4 3 .35 05
“.3) .3 3 .8 | 115 .75| .5 4 35| .35 65
3| .35 3| 10 | L1 75 e 4 .35 3 G5
3| .3 3 | Les! 115 8 |owernnt 4 .35 3 .05
3.3 3 | 1.0 | L2 T feeeenn .4 .35 3 4
3] .3 .3 95 1150 15| .5 35| .35 3 [
3] .3 .3 95| 1.15. .7 5 251 .35 .3 .05
.30 .3 1 9 L2 q Y I 4 .3 (5
3| .3 4 9| 115 O . 4 4 | 2.3 0
1] .3 1 9 115 7 .5 4 4 .25 0
....... .3 4 95 | 115 .7 || .4 4 .25 0
....... 250 4 Lo ) 1 T 4 357 .25 0
....... 35 e B 2 U ISR Y S S 0

NoTE.—Readings from March 9 to December 31 have been referred to the datum of May 8, 1905. The
readings prior to March 9 refer to a different datum, there 1.eing no connection with the later readings.

River partly frozen January 1-22, inclusive; readings to the surface of the ice January 26 to February
27, inclusive. - River open after February 28. River blocked with ice November 27 and December 23.

TETON RIVER NEAR CHOTEAU, MONT.

This station was established November 30, 1904. It is located at the highway bridze on
the road from Choteau to Augusta, Mont., and is about 13 miles from the town of Choteau.

The channel is straight for about 200 feet above the station; below it curves slightly to
the right. The rightbank is high; the left is low and is subject to overflow at high stages.
The bed of the stream is covered with rocks and coarse gravel and is free from vegetation.
The current is swift. .

Discharge measurements are made from the upstream side of the bridge, which is a wooden
structure resting on pile bents. The initial point for soundings is at the left side of the
bridge. .

The gage is read occasionally by J. W. Shields, a surveyor, who performs this service
gratuitously. The original chain gage was fastened to the upstream Hand rail of the bridge.
This was replaced May 9, 1905, by a standard chain gage, fastened to the floor of the bridge
near the former gage, the same datum being maintained; the chain length is 12.33 feet.
The gage is referred to bench marks as follows: (1) A nail in a 3-inch plank just back of the
floor beam at the west end of the bridge; elevation above zero of gage, 9.08 feet. (2) A
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nail, 2 feet above ground, in the trunk of a cottonwood tree 100 feet from the east end of
the bridge and in the fence on the south side of the road; elevation above gage zero 6.87
feet.

Information in regard to this station, with gage-height and discharge data, is contained
in Water-Supply Paper No. 130 of the United States Geological Survey, pages 94-95.

Discharge measurements of Teton River near Choteau, Mont., in 1905.

: Area of | Mean | Gage Dis-
Date. Hydrographer. Width.| geetion. | velocity. height. | charge.
_— e
Ft. per
Feet. Sq. ft. sec. Fect. Sec.-ft.
May9......... Stockman and Porter.... . ........ 15 5.0 1.54 1.70 8
October 13..... Gordon Edson 3.9 .76 ‘ - 1.63 3

Daily gage height, in feet, of Teton River near Choteau, Mont., for 1905.

Day. June, | July. | Aug. | Sept. | Oct. | Nov.

P et 1.65 | e .-

MILK RIVER DRAINAGE BASIN.
DESCRIPTION OF BASIN.

Milk River rises in the undulating foothills of the Rocky Mountains in northwestern Mon-
tana, near the boundary line between the United States and Canada. Its headwaters flow
northeastward into Canada, and for about 100 miles its course is eastward, parallel with
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the international boundary; it then turns to the southeast, passes across the northern part
of Montana, and empties into the Missouri.

The valley through which Milk River flows is broad and contains many thousand acres
of irrigable land. The summer flow of the stream is not sufficient for the irrigation of any
considerable part of this area, and it has been proposed to augment the supply by turning

- into the headwaters of Milk River the abundant waters of the St. Mary basin, which lies
immediately adjacent to the sources of the Milk.

Information in regard to the basin is contained in the Annual Reports of the Reclamation
Service and in the following publications of the United States Geological Survey (Ann=
Annual Report; WS=Water-Supply Paper):

Description: Ann 19, iv, pp 286-287; 21, iv, p 188; 22, iv, pp 271-273; 22, iv, pp 287-288,

Irrigation surveys: Ann 13, iii, pp 62-63.

See page measurements: WS 130, pp 102-103.

SOUTH FORK OF MILK RIVER NEAR BROWNING, MONT.

This station was established April 28, 1905. It is located at Croft’s ranch, about 40 miles
northeast of Browning, Mont.

The channel is straight for about 100 yards above and below the station. Both banks
are composed of gravel, and the right bank is liable to overflow at extreme high water. The
bed of the stream is made up of rocks from 6 to 18 inches in diameter, is free from vegetation,
and is fairly permanent. There is but one channel at all stages. The current is sluggish at
the wading section and swift about 200 feet above. The depth at ordinary stages is about 2
feet.

High-water discharge measurements are made by means of a cable, car, and tagged wire
about 200 feet above the gage. The initial point for soundings is the first marker on the
tagged wire at the left bank. Low-water measurements are made by wading between the
gage and the cable.

The gage, which was observed twice daily by R. J. Croff, was originally a temporary rod
installed on the left bank 200 yards from the observer’s house. This was replaced May 8,
1905, by a standard chain gage, located at the same place and fastened to supports in the
jeft bank. The length of the chain is 13.66 feet. The gage is referred to bench marks as
follows: (1) A stake driven into the bank above the gage; elevation, 8.00 feet. (2) A nail
driven into the southeast corner of the log hen house belowing to Mr. Croff; elevation, 12.80
feet. Elevations are above the datum of the gage.

Discharge measurements of South Fork of Milk River near Browning, Mont., in 1905.

Date. Hydrographer. width.| G080 | veloeity. | hesght. | charge.
Ft. per
Feet. Sq. ft. sec. Feet. Sec.ft.
April 28 . ... ... 15 55 0.93 3.60 51
May28......... 46 54 .78 3.52 42
3.13 10
2.80 a2

a Estimated.
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Daily gage height, in feet, of South Fork of Milk River near Browning, Mont., for 1905.

Day. Apr. | May. | June. | July. | Aug. [ Sept. | Oct.
3.5 3.4 | 355 3.4 2.85| 3.15
3.5 | 3.4 3.55 | 3.4 2.85| 3.15
3.5 3.5 3.6 3.4 2.8 3.15
3.5 3.5 3.6 3.3 2.8 3.15
3.5 3.4 3.5 3.25( 3.0 3.2
3.5 3.5 3.5 .27 3.0 3.2
3.5 3.5 | 3.4 3.2 3.0 3.25
3.4 3.55 | 3.4 3.1 3.0 3.28
3.5 3.5 | 3.3 3.1 2.9 3.32
3.7 3.5 3.35 | 3.1 2.95 3.3
3.7 1 35| 33| 31 ] 30 3.28
3.7 | 35| 82| 30/ 20 32
3.7 3.4 3.2 3.0 | 3.0 3.2
3.75| 3.4 | 3.2 3.0 3.0 3.25
3.7 | 3.4 3.2 3.0 2.9 3.3
3.65| 3.5 3.2 3.0 2.9 3.32
3.6 3.5 3.2 3.0 2.9 3.32
3.6 3.5 3.2 2.05| 2.9 |........
3.6 3.45| 3.2 2.9 | 209 |........
3.6 | 3.6 3.15| 2.9 2.9 ...
3.75 | 3.6 3.1 2.85| 2.9 |.._....
3.8 3.6 3.1 2.8 2.8 |..oo...
3.75| 3.6 3.1 2.8 2.8 |.oo....
3.65 | 3.6 3.1 2.8 2.8 ...
3.6 3.65 | 3.1 2.8 | 2.8 |........
3.55| 4.0 3.2 2.8 2.8 |o....
3.5 4.2 3.3 2.8 | 2.8 |........
3.5 3.85| 3.3 2.8 3.0 |ooaon.
3.5 3.75 | 3.4 28 | 3.08|........
3.45| '3.55| 3.45| 2.8 | 3.1 |.......
3.5 |ooo.... 3.4 2,82 ..

Note.—Creek frozen over October 18.

Estimated monthly discharge of South Fork of Milk River near Browning, Mont., for 1905.

Discharge in second-feet.

Total in
Month,

Maximum. | Minimum. | Mean. | 2credfeet.
78 30 51 3,117
144 30 49 2,916
51 9 21 1,445
30 2 8.5 523
September. . ... i 9 2 4.4 262
October 1-17 . e 23 12 17 587
The period ......... NN PRSI I R 8,850

NoTE.—These estimates are only a rough approximation.
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MILK RIVER AT HAVRE, MONT.

This station was established May 15, 1898. It is located at the highway bridge at Havre,
Mont.

The channel is straight below the station and for a short distance above, when a sharp
curve occurs. Both banks are high, being above ordinary floods, and are slightly wooded.
The bed of the stream is liable to change with every freshet. The current is sluggish at ordi-
nary stages.

Discharge measurements were originally made by means of a cable stretched across the
river not far from the highway bridge. November 4, 1902, the cable was taken out, and
discharge measurements have since been made from the downstream side of the bridge to
which the gage is attached. The bridge makes an angle of 20° with the normal to the current
at the measuring section. The initial point for soundings is marked on the downstream
guard rail at the right bank.

The gage is read daily by L. H. Ling, the United States Weather Bureau observer at
Havre. January 12, 1904, the old wire gage was replaced by a standard chain gage, which
was made to read the same as the old gage, and was located on the downstream side of the
bridge. The length of the chain is 25.21 feet. The gage pulley is located at a point which
corresponds to a reading of 2.0 feet on the scale. The gage is referred to bench marks as fol-
lows: (1) The top of the highest bolt securing the bedplate to cement on top of the south-
west pier of the bridge; elevation, 2,486.51 feet above datum. (2) A 20-penny nail in a cot-
tonwood tree 100 feet southwest of the southwest pier of the bridge; elevation, 2,477.44
feet above datum. (3) A standard United States Geological Survey tablet in the stone pier
of a column supporting the Great Northern Railway water tank, one-half mile southeast of
the gage and near the roundhouse; elevation, 2,482.46 feet. The elevation of the zero of the
gage is 2,461.25 feet above datum. The datum used in the establishment of the bench
marks is that of the city of Havre, deduced from a temporary bench mark of the United
States Geological Survey, which has since been destroyed.

Information in Tegard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: Ann 20, iv, p 245; WS 27, pp 65-69; 37, p 209: 49, p 267; 66, pp 15-16; 84, p 28; 99, pp 108-109;
130, pp 95-96.

Discharge: WS 27, p 75; 37, p 209; 49, p 267; 66, p 16; 84, p 29; 99, pp 109-110; 130, p 96.

Discharge, monthly: Ann 20, iv, p 245; 21, iv, p 189; 22, iv, p 288; WS 75, p 122; 84, p 31; 99, p 111; 130,
p 98.

Discharge, yearly: Ann 20, iv, p 53.

Gage heights: WS 27, p 72; 37, p 210; 49, p 267; 66, p 16; 84, p. 30; 99, p 110; 130, pp 96-97,

Hydrographs: Ann 20, iv, p 246; 21, iv, p 189; 22, iv, p 288.

Rating tables: WS 27, p 76; 39, p 447; 52, p 516; 66, p. 170; 84, pp 30-31; 99, p 111; 130, p 97.

Discharge measurements of Milk River at Havre, Mont., in 1905.

D rs Area of | Mean 'Gage Dis-
ate. Hydrographer. Width. ection. velocity. | height. | charge.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
April 7. . 4 45 1.09 3.30 49
May2......... 86 67 1.27 3.85 85
May6......... 85 58 1,22 3.59 71
June 5 77 43 1.04 3.44 45
July 1la. 39 22 .76 3.15 17
July 31.... 82 83 1.36 3.85 113
August 1 75 71 .78 . 3.68 55

aMade by wading.
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Daily gage height, in feet, of Milk River at Havre, Mont., for 1905.

Day. ' Feb. | Mar. | Apr. | May. | June. | July. Aug.
‘ 4.4 3.4] 3.8 3.55 | 3.65 3.7
| 4.4 3.5, 3.7 3.55 | 3.45 3.7

4.4 3.4| 3.6 3.45 | 3.45 3.6
4.35 3.4 3.6 3.45 | 3.45 3.6
4.4 3.4, 3.6 3.45 | 3.35 3.6
4.4 3.4| 3.6 3.45 | 3.55 3.8
1.3 3.4 3.6 3.45( 3551 3.4
4.6 3.3 3.6 3.95 | 3.55 3.4
4.5 3.3| 35 3.95 | 3.45 3.4
4.3 3.3| 35 3.25 | 3.45 3.2
4.3 3.2 3.5 3.25 | 3.25 3.0
3.7 3.3| 3.6 3.95| 3.15 3.0
3.6 3.3| 3.6 3.25 | 3.15 3.0
3.6 3.3, 35 | 325| 3.2 2.8
3.9 3.4| 3.5 3.25 | 3.2 2.7
1.0 3.3 345] 315! 3.15 2.7
4.0 34| 3.45| 3.25| 3.05 2.7
3.95 34| 33| 3.2 295 2.6
3.9 3.5| 345 335 295 2.4
4.2 3.4 3.45| 3.25] 2.95 2.4
4.0 35| 33| 325! 2.8 2.4
4.0 3.5| 33| 315| 2.8 2.4
3.9 3.5| 375 315| 2.7 2.4
3.9 35| 3.65| 3.15| 2.7 2.3
3.8 35| 3.65| 3.05| 2.6 2.3
3.8 3.5 355| 3.2 2.8 2.3
3.6 3.5] 3.55| 3.3 29

3.7 3.6| 3.55| 3.55| 4.9

3.6 3.7 3.45| 3.65| 5.0 |........
3.5 3.8 3.45| 3.75| 4.1 {.......
3.4 |....... 3.45 ... 3.9 |.......

NoOTE.—River frozen solid to bottom January 15 to February 26; in the first part of March water was
flowing over the ice, which was frozen to the bottom.

Station rating table for Milk River at Havre, Mont., from January 1 to May 5, 1905.

Gage [ . ) . B y .
hei?l;lt. ‘DlSCha.I‘gG. h(e}iz%et. Discharge. h‘g{é ‘%' Discharge. hgiz et. Discharge.
| |- =
Feet., RSec.-t. ll Feet. Sec.-ft. H Feet. Secft. Feet. Sec.-ft.
3.20 46 I 3.40 55 J 3.60 73 3.80 102
3.30 50 “ 3.50 63 | 3.70 85

The above table is applicable only for open-channel conditions.

ments made during the first part of 1905, and is not well defimed.

It is based on discharge measure-
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Station rating table for Milk River at Havre, Mont., from May 6, to Aguust 26, 1905.

hgiaé et. Discharge. hgi; ‘;';_ Discharge. hgig E;',. Discharge. h(e}iz et‘ Discharge.
Feet. Sec.ft. i Feet. Sec.t. Feet. Sec.-ft. Feet. Sec.ft. -
2.80 2 3.40 42 4.00 139 . 4.60 266
2.90 4 3.50 55 4.10 158 4.70 290
3.00 7 3.60 69 4.20 178 4.80 315
3.10 12 '3.70 85 1.30 199 4.90 340
3.20 20 3.80 102 4.40 221 | 5.00 366
3.30 30 3.90 120 4.50 243 5.10 392

The above table is aplplicable only for open-channel conditions. It is based on discharge measure-
ments made during the latter part of 1905, and is not well defined.

Estimated monthly discharge of Milk River at Havre, Mont., for 1905.

[Drainage area, 7,300 square miles.]

Discharge in second-feet. Run-off.
: ) Total in
Month. acre-foet. | Second-feet | pop g in
Maximum.| Minimum, | Mean. Lagteie inches.

L1 307 0. 00068 0.00078
aj 278 . 00068 . 00071

a 40 2,460 . 0055 . 0063

59 3,511 . 0081 .00%0

62 3,812 . 0085 .0098

35 2,083 .0048 . 0054

54 3,320 L0074 . 0085

25 1,290 . 0034 .0033

.......... 17,060 [ocoeoeniea i aan,

e Estimated by C. C. Babb.
. MILK RIVER AT MALTA, MONT.

This station was established July 31, 1902. It is located at the highway bridge on the
main road one-fourth mile east of the railroad station at Malta, Mont.

The channel is straight for 700 feet above and 250 feet below the station. Both banks
are high and sandy and not subject to overflow. The bed of the stream is composed of
sand and gravel and shifts considerably during floods. All of the water passes between
the two abutments of the bridge at all stages, and the velocity of the current is moderate.

Discharge measurements are made from the downstream side of the bridge to which the
gage is attached. The initial point for soundings, marked zero, is a spike on the down-
stream guard rail at the right bank.

The gage is read once each day by S. C. Loyd. The original wire gage has been replaced
by a standard chain gage having the same datum as the old one, fastened to the lower
downstream guard rail of the bridge. The length of the chain is 28.61 feet. The bench
mark is marked in paint “B.M.U.S.G.S.” on the east end of a plank spiked to the south
abutment; elevation above gage datum, 13.66 feet. The elevation of the gage datum above
sea level is 2,241.4 feet. The datum bench mark is the United States Geological Survey
tablet at the Malta schoolhouse and is 37.80 feet above gage datum.

IRR 172—06——5
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Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 84, pp 26-27; 99, p 103; 130, pp 98-99.
Discharge: 84, p 27; 99, p 104; 130, p 99.
Discharge, monthly: 84, p 28; 99, p 106; 130, p 102.
Gage heights: 84, p 27; 99, pp 104-105; 130, p 160.
Rating tables: 84, p 28; 99, p 105; 130, p 101.

Discharge measurements of Milk River at Malta, Mont., in 1905.

Date. Hydrographer. Width., :ezi?ogf. vgo?iltly. hgliaé v c]g;'sée.
Ft. per

° Feet. | 8q.ft. sec. Feet. Sec.-ft.
May 1l........ H. M. MOrse...ooieeiiinaanacanaannnn 20 8.9 0.52 0.73 4.6

June28........ C.T.Prall.. ... .. ........... 69 56 .94 1.25 52
July24........ W.B.Freeman..... ... oo feaeoiai oot .80 25,0

July 29. ... .. ... O e 22 28 1.45 1.19 40
August 26, ___.|..... [ L 9 2.6 .88 .72 2.0
August26. .___[..... [ £ N 9 2.4 .78 .71 2.0

e Estimated.

Daily yage height, in feet, of Milk River at Malta, Mont., for 1905.

Day. Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.1 1.1 2.2 1.1 0.6 1ol 1e5| 2.9 0.55
1] 11 2.2 1.1 .6 9] 145| 2.75 .55
1.1 1.1 2.4 1.1 .6 8| 1.05] 225 (@
L1 1.1 2.4 1.0 .6 .9 95| 195 | ...
1.1 1.1 2.6 1.1 .6 .9 95| 195 .......
1.1 1.1 2.8 1.1 .6 .9 o5 Ls |
1.1 L1 2.5 1.0 .6 .9 .85 | 1.55|........
1.1 1.1 2.3 .9 .6 .9 85| 135 |........
1.1 1.1 2.1 .9 7 1.0 1057 1.45|........ )
1.1 1.1 2.5 .8 .7 11| 16| 1.45|.. ...
1.1 11| 20 .8 7l ni| ves| 15|
1.1 11 2.1 .7 7 1.1 115 125 |........
1.1 1.1 2.0 7 7 L1 65| 1254 .. ...
1.1 1.1 2.0 7 .7 1.0 1.45| 115
1.1 1.1 2.0 .7 7 1.0 1L15| 115
11 1.1 i9 7 7 1.0/ L05| 115
11 1.1 1.9 7 7 10| 105 105 .......
1.1 11 2.0 .7 .7 10| 1o05| 1.05|........
1.1 1.1 2.1 .7 .7 1.0 1e5) 1.05|........
1.1 1.1 1.8 .7 7 10| 1.05 (-3
11 1.1 1.8 7 .7 1.0 .95 R R
11 1.1 1.8 .7 7 1.0 .95 T
1.1 1.2 1.8 .7 7 1.0 .95 5 |
1.1 1.3 1.7 .6 .8 1.0 .85 65 | ...
11 1.3 1.7 .6 8F .9 .85 N 3
1.1 1.2 15 .6 .8 .8 .85 65 |........
1.1 1.7 1.4 .6 9] - 1.0] 105 N
1.1 1.7 1.4 .6 1.0 1.8 105 N3

................ 1.3 .6 1.0 1.3| 1.25 65 (.
................ 1.3 60 10| 9] 115 55 |.......
................ 1.1 0ol LO|........| 3.05 55 .

¢ River dry remainder of year,
Nore.—Ice conditions January 1 to March 3.
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Station rating table for Milk River at Malta, Mont., from January 1 to December 31, 1905.

hg(iz | Discharge. i hgiz ¢ | Discharge. h(e}iag%?:. Discharge. hg’i”é % | Discharge.
1

Feet. Secft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.

0.70 1 1.40 74 2.10 294 2.80 '618

.80 6 1.50 96 2.20 336 2.90 670

.90 12 1.60 122 2.30 380 3.00 722

1.00 19 1.70 151 2.40 424 3.19 78
1.10 20 1.80 183 250 | . 472
1.20 41 1.90 217 2.60 520
1.30 56 2.00 254 2.70 568

The above table is applicable only for open-channel conditions. It is based on discharge measture-
- ments made during 1904-5. Tt is well defined throughout; above 2 feet the curve is the same as for 1904.

Estimated monthly discharge of Milk River at Malta, Mont., for 1905.

[Drainage area, 14,040 square Iiles.]

Discharge in second-feet. Run-off.
Total im
Month. Second-feet :
Maximum.| Minimum. | Mean. | 2cre-feet- | o squaro Digg{;‘!é;n
. mile. -
‘ah 307 0.00036 0. 00042
a5 278 . 00036 00037
258 15, 860 .018 .021
8 476 .00057 . 00064
34 2,091 . 0024 .0023
27 1, 607 .0019 L0021
.65 2,828 .0046 .0053
97 5,964 . 0069 . 0080
.......... 20,410 | cenime e
a Estimated by C. C. Babb.’ *

NORTH FORK OF MILK RIVER NEAR CHINOOK, MONT.

This station was established April 22, 1905. It is located at Snedecor’s ranch, about 4}
miles north of Chinook, Mont.

The channel is straight for 100 yards above and below the station. The banks are com-
posed of sandy soil, covered with brush and cottonwood trees; they are high and do not
overflow. The right bank has a slope of about 45°, and the left of about 30°. The bed of
the stream is of sand, with a little vegetation near the left bank, and probably shifts slightly
after the highest floods. There is but one channel at all stages and the current is moderate.

Discharge measurements are made by means of a cable, car, and tagged wire just above
the gage or by wading at low water. The initial point for soundings is a nail driven into
the end of one of the timbers supporting the cable at the left bank.

The gage, which is read once each day by Mrs. R. B. Snedecor, is an inclined rod, which
was erected May 22, 1905, to take the place of the tefnporary rod gage first established. The
new gage is nailed in two sections to posts driven into the left bank. The gage is referred to
bench-marks as follows: (1) A spike driven in a post just east of the gage; elevation, 11.26
feet. (2) A 20-penny spike in the root of a 10-inch cottonwood tree 20 feet east of the upper
end of the gage; elevation, 13.92 feet. (3) A"20-penny spike driven into the root of a
5-inch cottonwood tree 40 feet northeast of the tree to which the east end of the cable is
fastened; elevation, 16.12 feet. Elevations are above the datum of the gage. :
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Discharge measurements of North Fork of Milk River near Chinook, Mont., in 1905.

Date. Hydrographer. width.| Area of ve‘f;&‘é’y‘ hg'i’; e ch’iisrg'e.
Ft. per
, Feet. | Sq.ft. sec. Feet. Sec.-ft.
37 0.95 1.06 36
31 1.13 1.05 35
35 .88 1.00 31
45 1.49 | 1.35 67
19 .49 73 9.5
14 .80 .80 11.1
.................... 55 b1.0
¢ Wading. b Estimated.

Daily gage height, in feet, of North Fork of Milk River near Chinook, Mont., for 1905.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct Nov.
128 115 125 0.92| 0.45|........ 0.8

13 | 05| ‘32| 1.35| .45 ... 8

1.3 1.0 1.35 | 1.05 43 |oeo.... .8

.25 | 1.0 1.32( 1.0 35 .. .8

1.25| 1.0 .25 1.6° I 3 .8

1.25| 1.0 118 1.25 0 .8

1.21| 1.0 1.25 .98 I T R, .8

1.2 1.0 1.15 .92 I T .8

1.22 95| 1.1 .82 ;% .85

1.25 .9 .98 .8 25 e, .93

1.2 .9 9 .18 225 |l .95

1.18 .9 .92 I3 ORI I .93

1.15 .9 .95 T2 e .85

1.1 .95 .95 .65 .85

1.1 1.02 .9 .65 .88

1.1 1.0 .82 65 .9

1.1 1.0 .78 85 et .9

1.1 .98 .75 65 | .95

1.1 .95 75 Y1 A I .95

1.t 1.02 .72 I T PO IR .95

105| 1.15 .68 BB .95

1.08| 115 .65 B2 .95

1.08| 1.05 .65 3 0.7 .03

1.05| 1.05 .65 R 3 .7 .9

1.05| 1.05 .6 6 ..., .7 .9

105 1.06( 2.7 58 |, .7 .9

105 1.22| 1.45 52 7 .9

105 1.22| 135 IR A

. 1.05| 1.28) 1.0 - O % A
O 1.25 | 1.08{ 1.3 1.5 45 0., 8 el .
3 PP SR s L1z 1.05 3 8

NoTE.—September 3 to October 22, no flow. November 28 to December 31, frozen.
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Station rating table for North Fork of Milk River near c hinook, Mont., from April 23 to Decern~

ber 31, 1905.
Gage N Gage N Gage P S Gage :
height. Discharge. height. Discharge. height. Discharge. height. Discharge.
Feet. l Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft.
0.50 l 1 1.10 43 1.70 127 2.30 ) 272
\ -60 | 3 1.20 53 1.80 147 2.40 302
i) 8 © 1.30 85 1.90 172 2.50 332
.80 13 1.40 77 '2.00 197 2.60 362
.90 23 1.50 92 2.10 222 2.70 392
1.00 } 33 1.60 107 2.20 247 2.80 422

The above table is applicable only for open-channel cox{ditions. It is based on eight discharge meas-
urements made during 1905. It is poorly defined and is a hasis for only a rough estimate.

Estimated monthly discharge of North Fork of Milk River near Chinook, Mont., for 1905.

[Drainage area, 1,422 square miles.]

Discharge in second-feet. Run-off.
Totalin | . o o |
Month. Second-feet s

Maximum.| Minimum. | Mean. | acre-foet. per ;ﬁ:are Diglc)ﬁgsl.n

63 48 55 984 0.039 0.013

65 38 48 2,933 .034 .039

65 23 37 2,208 .026 .029

- 392 3 48 2,927 .033 .038

August. ... ... ............. 92 1 16 972 .0i1 .013

September. 1 0 0 Q|- .000 .000
October. ......................... 13 0 2.6 160 .0018 .0021

November 1-27.................. 28 | 13 21 1,119 .015 .015

Theperiod.... ... fioeomiiiomiiniaaans l .......... [ 11, 300 ‘ ....................... '

BEAVER CREEK NEAR ASHFIELD, MONT.

Beaver Creek rises in the Little Rocky Mountains, flows to the northeast and east, and
enters Milk River near Hinsdale, Mont.

The gaging station was established July 5, 1903, at bridge No. 455 of the Great Northern
Railway, one-half mile west of Ashfield, Mont. It was abandoned December 31, 1903,
because the results were affected by backwater from a dam erected a mile below about a
month after the establishment of the station. A new station was established at a point 2}
miles farther upstream and beyond the influence of the dam. It is near the ranch house of
R. H. Thomas, about 18 miles from Malta and 3 miles south of Ashfield, Mont., the nearest
post-office. )

The channel js straight for 100 yards above and below the cable. Both banks are high
and covered with willows. The left bank is steep and the right is sloping. The bottom of
the stream is of mud. There is but one channel at all stages and the flow is very sluggish,
the velocity being comparatively low even in the highest floods. The stream carries little
water except at the time of spring floods or heavy rains, and during the summer the channel
is overgrown with weeds and willows, which have to be cleared out occasionally.

Discharge measurements are made from a cable about 225 feet above the gage. The cable
has a span of 100 feet between supports, and a tagged wire marked at 5-foot intervals is
stretched above. The initial point for soundings is a nail in the cable support at the left
bank.

The gage, which is read daily by Mr. Thomas, is an inclined plank on the right bank,
securely fastened to posts set in the ground at each end, and has a vertical extension, which
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gives minus readings at very low water. Early in 1905 the gage was referred to the bench
marks and was found to have settled, so that the zero mark on the gage read 0.08 foot too
high. It has not been corrected. The gage was also found to read 0.01 foot too great per
foot vertical. The gage is referred to bench marks as follows: (1) A nail driven flush in the
top of a 2 by 4-inch stake, 12 feet south of the gage; elevation, 11.43 feet above gage datum.
(2) The top of a railroad spike driven in the northwest corner of Mr. Thomas’s house, 1 foot
above ground; elevation, 13.35 feet above gage datum.

Information in regard to this station is contained in the following Water-Supply Papers of
the United States Geological Survey:

Description: 99, p 100; 130, pp 108-109.

Discharge: 99, p 100; 130, p. 109.

Discharge, monthly, 130, p 111.

Gage heights: 99, p 101; 130, p 110.
Rating table: 130, p 110.

Discharge measurements of Beaver Creck near Ashfield, Mont., in 1905.

Date. Hydrographer. Width. :GZ%?‘O?II‘ véll{)eé’i'léy' h(e}iz <. clg‘:ge.
' Ft. per :
Feet. | Sq.ft. sec. Feet. Sec.ft.
June 28........ 53 169° 1.00 4.55 169
July29. _...... 7 5 1.42 .17 7
July 30........ 20 39 1.16 1.78 46
July 30. ....... 20 36 1.15 1.69 42
July 30........ 20 41| 120 1.86 49
!
Daily gage height, in feet, of Beaver Creek near Ashfield, Mont., for 1905.-
Day. Mar. | June. | July. | Aug. Day. Mar. | June. | July. | Aug.
) AR PP P 2.70 2.9 17 ol S 0.6 1.7 0.6 |........
DY ORI AR 2.1 115 | 18, ... ... .5 1.5 | I 0 P,
- S ISR RS L7 | nasflio . .5 13| .3 ...
4ol O I 1.3 o5 il20. ... .4 L1 2 ...
I PR ISP IR 1.0 L7 |2l .2 1.0 JS N T
U IUUR U .9 155 ([ 22. ..o, .1 .8 0
U IS I 7 9 e . .05 .8 .0
- 2R PPN RN .5 .3 J S —.1 1.1 .0
T I R .3 2 lles —.2 2.0 .2
L R P .2 .1 2.l —.2 2.5 1.5
£ DR [N R .2 R —2. ] . 2.3
120 2.0° 0.8 .6 .0 28 e « —.25 4.6
) X SN 1.3 1.2 1.0 .1 b2 Y NP 4.0
W 1.15 | 1.2 1.1 180 4.3
1 T 9 1.4 1.0 J 201 - 7 [N DR PR
i T 7 1.8 8 2

NoTE.—Creek dry for missing days.
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Station rating table for Beaver Creck near Ashfield, Mont., from March 12 to August 16, 1905.

hgiz%et. Discharge. hgigg%%. Discharge. : hgigxet. Discharge. hg % | Discharge.

Feet. Sec.ft. Feet. SecHt. Feet. Sect. Feet. SecHt.
0.00 4 1.00 22 2.00 54 3.00 9
0.10 5 1.10 25 | 2.10 58 3.20 102
0.20 6 1.20 28 || 2.20 62 3.40 110
0.30 7 1.30 31 2.30 66 3.60 120
0.40 9 1.40 34 2.40 70 3.80 130
0.50 11 1.50 37 | 2.50 ° 74 4.00 140
0.60 13 )] 160 | - 40 | 260 78 4.20 150
0.70 15 1.70 43 | 2.70 82 4.40 160
0.80 17 1.80 46 2.80 86 4.60 170
0.90 19 1.90 50 2.90 90

The above table is applicable only for ogen-cha.nnel conditions. It is based on five discharge theasure-
‘nents made during 1905. 1t is fairly well defined between gage heights0and 2 feet, and has been extended
Jeyond these limits, being based on one measurement at 4.55 feet. E

Estimated monthly discharge of Beaver Creek near Ashfield, Mont., for 1905.

N N feot.
Month Discharge in swo#d eet. Total in
. T . acre-feet.

Maximum,| Minimum. | Mean.

0 7.2 428

o 34.3 2,041

4 24.1 1./82

0 10.0 . 615

...................... 4,566

BEAVER CREEK OVERFLOW NEAR BOWDOIN, MONT.

This station was established June 29, 1903. It is located on an overflow channel of
Beaver Creek, about 4 miles southeast of the Great Northern Railway section house at Bow-
doin, Mont., and is best reached by team from Malta, Mont., 14 miles distant. The water
supply is derived partly from the natural drainage of irrigated lands and partly from water
wasted over the spillway at a dam on Beaver Creek above.

The channel is straight for 200 feet above and 100 feet below the station. During extreme
floods both banks are submerged and the whole valley is covered with water. The bed of
the stream at the station forms a small bar, covered with weeds and swamp grass. The
current is sluggish, and measurements are affected by a check which is frequently-erected at
the gates of a lateral about 1 mile below.

Discharge measurements are made by means of a cable, car, and tagged wire, and also by
wading, The initial point for soundings is the east side of a post on the west. or left bank.

The gage is read daily by John Turmell, who lives about 300 yards distant. Itisa ver-
tical board nailed to a cottonwood tree on the right bank about 100 feet above the cable. Al
the old bench marks have heen destroyed, but the zero of the gage is at an elevation of
2,207.84 feet above sea level, as determined from the datum bench mark at the Malta school
house. This is based on the elevation of the rail in front of the Great Northern Railway
station at Malta, Mont. September 15, 1905, two new bench marks were established from
the gage on the assumption that the readings were at that time correct. These bench marks
are as follows: (3) The head of a railroad spike driven vertically in a projecting log at the

-southwest corner of Mr. Turmell’s house, 800 feet southwest of the gage; elevation, 21.44 feet’
above gage zero. (4) The head of a 20-penny spike driven horizontally in the northwest
corner of Mr. Turmell’s house, 2 feet above the ground; elevation, 19.48 feet above gage zero.
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Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, pp 101-102; 130, p 111.

Discharge: 99, p 102; 130, p 112,

Discharge, daily: 130, p 112.

Discharge, monthly: 130, p 113.
Gage heights: 99, pp 102-103; 130, p 112.

Discharge measurements of Beaver Creek overflow near Bowdoin, Mont., in 1905.

3 Area of | Mean Gage Dis-
Date. Hydrographer. « | Width. section. velocity.‘ height. | charge.
Ft. per l
Feet. | Sq.ft. sec. Feet. Sec.ft.
June28...... L C T Prall. ..ol 89 215 0.55 | 6.4 118
July30a....... W. B. Freeman...................... 56 77 .2 . 4.8 15

a Float measurement.

Daily gage heights, in feet, and discharge, in second-feet, of Beaver Creek overflow near

Bowdoin, Mont., for 1905.
March. June. July. August.
Day. Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis-

height.| charge.; height.| charge.| height.| charge.| height.| charge.
4.8 16 4.4 7
4.9 19 4.2 5
4.8 16 4.1 C 4
4.7 13 4.0 3
4.6 11 3.9 2
4.4 7 3.8 2
4.3 6 3.7 2
4.1 4 3.6 1
4.0

T 4.0

3.9
3.8
3.8
3.7
3.7 b2

[ S - R

NoTte.—No flow on missing days.
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Estimated monthly discharge of Beaver Creek: overflow near Bowdoin, Mont., for 1905.

Discharge in second-feet. Total in

. Month.
Maximum | Minimum. | Mean. | 8cre-feet.
March 3-8,24-27 . oooeenemeieee e eeeeeeaainns 43 1 16| 309
June6-30......cooeeaenonn. T 138 3 33 1,631
Suly 1-17,29-31 . 1 333
1 51
2,324

PRIVATE CANALS IN MILK RIVER VALLEY.
DESCRIPTION OF CANALS.

During 1905 a number of stations were maintained-on private canals in Milk River Val-
ley, mainly for the purpose of ascertaining the extent of the private water rights. With
one exception—the Rock Creek canal near Hinsdale, in Valley County—these canals are
located in Choteau County and are used for the irrigation of lands in the vicinity of Har—
lem and Chinook.

The canals are all built on small grades and in soil which is easily eroded. In many of
them deposition of silt has taken place, and in nearly all there is & growth of weeds and
moss. At low stages the water is uniformly sluggish. - In order to divert water into the
laterals checks are erected in the main channels, and these checks often produce backwater
effects for long distances above. They were put up under a great variety of conditions,
and as a result many different velocities are found to exist at the same gage height during the
season; in order to establish the correct relation between gage height and discharge it has
been found necessary tomake several rating curves for the same canal station. All the canals
except the Rock Creek canal at Hinsdale and the Cook canal at Chinook have more than
one station rating curve.

In July, 1905, an 1n]unctlon suit was brought by the United States Office of Indian
Affairs against later appropriators of water on Milk River and its “tributaries above, to
determine the rights pertaining to the agency ditch which supplies the Fort Belknap Indian
Reservation. For that reason the water was shut off from some of the ditches, including
the Matheson and Cook canals, during part of the irrigation season.

The gaging stations maintained were as follows:

Paradise Valley canal near Chinook, Mont.
Cook canal near Chinook, Mont.

Matheson canal near Chinook, Mont.
Harlem canal near Zurich, Mont.

Ageney ditch near Harlem, Mont.

Fort Belknap canal near Chinook, Mont.

In addition to the canal stations regularly maintained, temporary gaging stations were
established on Reser and West Fork ditches, taken from West Fork of Milk River, and mis-
cellaneous information was collected in regard to the Dowen & Buckley, Rokita, and Cor-
regan ditches from North Fork of Milk River; the Winter-Andersou canal from Milk River;
and ditches from Parallel Creek. The water rights pertaining to these canals are to be
adjudicated in the general lawsuit recently instituted.

PARADISE VALLEY CANAL NEAR CHINOOK, MONT.

This canal is used for the irrigation of bottom lands several miles east of Chinook, Mont.
It diverts water from the south side of Milk River about 7 miles below Chinook, and its
general course is easterly.

The station was established in June, 1903. It'is reached by driving along the south river
road from Chinook, Mont.
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The channel is straight and the section at the station is semicircular. The bed of the
canal is composed of mud and sand and the banks are covered with brush and weeds.

Discharge measurements are made from a footbridge. The initial point for soundings
is the zero on the bridge at the left bank. '

The gage was read once each day during the irrigation season of 1905 by Rudolph Friede,
who lives 300 yards distant. It is a vertical board driven into the bed of the canal about
500 feet below the head gates and just at the footbridge from which the discharge
measurements are made. The gage is referred to bench marks as follows: (1) A spike driven
in the top of a 6 by 6 inch post on the left side of the downstream end of the head gates;
elevation, 7.29 feet. (2) A spike in the southwest side of a 12-inch post 40 feet south of the
south end of the dam and 28 paces east of bench mark No. 1; elevation, 7.38 feet. Eleva-
tions are above the datum of the gage.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey: '

Description: 99, p 107; 130, p 105.
Discharge: 99, p 107; 130, p 105.
Discharge, daily: 130, p 106.
Discharge, monthly: 130, p 106.
Gage heights: 99, p 107.

Discharge measurements of Paradise Valley canal near Chinook, Mont., in 1905.

Date. Hydrographer. Width. ét;:?ogf. véllffgttly. h(giag ] clg.lrsg-e.
Ft. per -

- Feet. Sg. jt. sec.’ Feet. Sec.-ft.
April 8..... ...| L. R, Stockman............ .. 1 5.0 0.70 0.45 3.5
April 24 ...__.. Stockman and Morse. .- 20 11.5 .87 .76 10.1
May17........ H. M. MOISe.uieeeiaiea e 18 9.3 .71 .81 6.6
T 20 14.6 .54 1.08 7.8
18 11.0 .43 .98 4.8
18 11.3 .48 1.01 5.4
.. 18 13.0 .39 1.02 5.0
July 8......... Freeman and Morse................. 18 12.5 .38 1.09 4.8
July 15........ C.T. Prall.._. ... oo iiocio. 17 11.0 .31 .98 3.4
July21........ W.B.Freeman.... .. 18 11.6 .44 1.01 5.1
July27........ H.M.Morse........cooooiieeiaannn. 19 20.0 .53 1.37 10.0
Augusts...... W.B.Freeman..................... 9 2.6 .26 .50 .7
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Daily gage height, in Jeet, and discharge, in second feet, of Paradise V alley canal near Chinook

-..Ment., for 1905.
March, April. May. June. July. August.
Day. Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage | Dis- | Gage| Dis-
height.| charge. height.icharge. (height.| charge.jheight. charge./height.| charge. height.| charge.
) R R R, 0.17 1 0.47 4 1.14 8| 124 81 0.57 1.0
.15 .5 .56 6 1.17 8| 1.30 9 .50 .5
.15 .5 .67 8 1.12 8| 121 7 .49 .5
.40 3 .78 10 1.05 71 1.21 7 .44 .5
.46 4 .92 13 1.11 8| 120 7 .50 .5
.47 4 1.17 19 1.15 10 119 7 .48 .5
.47 4 1.09 17 1.20 1 122 7 .45 ;4
.42 3 1.08 17 1.50 16 .92 4 .45 .5
.42 3 1.11 17 1.20 1) 1.54 15 .44 .5
.54 5 1.08 17 1.03 6| 1.14 6 .43 .5
.75 10 1.13 18 1.08 8 .68 2 41 .5
1.08 17 1.09 17 1.11 8 .89 3 .40 .3
1.10 17 1.10 17 1.19 11 .90 3 .39 .3
1.02 15 1.17 19 1.04 7 .95 4 .35 .2
L8| 15 87 | 1e7 70 .97 4] .30 .2
.92 13 .81 6.5 1.02 6| 1.10 6 .20 .1
.86 12 .78 6.5 .98 5| 1.13 6 P U1 I PR
1.08 17 .82 6.5 .98 51 1.13
1.08 17 .80 6.5 .96 4| 1.05
1.11 17 .80 6.5 1.01 5| 1.06
1.01 15 .80 6.5 .96 41 105
84 12 .82 6.5 .94 4 .94
.83 11 .90 7 .94 4 .81
.78 10 1.12 8 1.00 5 .73
.71 9 1.09 8 1.09 6 .66
.64 8 1.11 8 1.09 6 .65
.49 4 1.07 8 1.15 6| 1.60
.48 4 1.10 8 1.36 10 1.40
.45 4 1.09 8 1.22 7] 1.33
.41 3 1.10 8 1.25 8 .85
............... 1.11 8 ‘.. .69

Estimated monthly discharge of Paradise V alley canal near Chinook, Mont., for 1905.

Ménth, Discharge in se.cond—f.eet. Total in
’ Maximum. | Minimum. | Mean, | 2ere-feet.
4 1 2 24
17 .5 9 536
19 4 10 615
16 4 7 417
17 2 <6 369
1 .1 .4 13
.................................. 1,974
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COOK CANAL NEAR CHINOOK, MONT.

This canal diverts water from North Fork of Milk River, one of the most eemstant tribu-
taries of that stream. The head-gates are situated about 3 miles east of Chinook, Mont.,
and the course of the canal is nearly due south for about 2 miles, beyond which it turns to
the east and crosses to the south side of the river, where the greater part of the lands irri-
gated by the canal are situated.

The station was established April 10, 1905. It is located at a small wooden highway
bridge on the road running parallel to the Great Northern Railway about 3 miles east of
Chinook. ' '

The channel is straight for 25 feet above and 300 feet below the station, there being a
right-angled turn directly above the bridge. The banks are of earth fill and are above the
level of the surrounding lands. The bed of the stream is composed of soft mud covered
with vegetation, and is permanent. The water has a depth of about 3 feet at ordinary
stages and the velocity is low.

Discharge measurements are made from the lower side of the bridge. The initial point
for soundings is a paint mark on the floor of the bridge, directly over the right abutment on
the downstream side. :

The gage, which was read once each day during the irrigation season of 1905 by George W.
Hartman, is a vertical rod driven into the bed of the canal near the left bank about one-
fourth mile above the bridge. The bench mark is a spike in the west side of a post in the
fence just east of the canal; elevation, 4.61 feet above the datum of the gage.

Discharge measurements of Cook eanal near Chinook, Mont., in 1905.

Date. Hydrographer. width| SO0 | veloctty. | hohe. | chosge.
Ft. per

Feet. | Sq.ft. sec. Feet. Sec. ft.
April10....... L. R. Stockman..................... 14 32.8 115 3.4 37.7
April24....... Stockman and Morse 13 30.4 1.16 3.28 35.5
May17........ H. M. MOrse...ccooviuaieaiaaaanaan. 13 29.0 .92 3.18 26.7
Juned.........1..... (o T eeeens 14 28.2 .72 3.02 20.6
Junel7........ Stockman and Prall 14 27.0 .80 2.98 21.5
June24........ C. T. Prall 14 30.2 1.01 3.26 30.6
July3......... Babb and Prall 14 17.3 | .17 2.39 3.0
July 7. ........ W B. Freeman .. 14 17.9 .13 2.22 2.3
July15........ C. T, Prall 14 25.0 .54 2.80 13.4
August5. ... W. B. Freeman . 14 27.0 .64 2.93 17.0
August 11. ....| H. M. Morse 14 19.0 30 2.45 6.0
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Daily gage heights, in feet, and discharge, in second-feet, of Cook canal near Chinook, Mont., for

1905.
April, May. June. ] July. August,
Day. Gage | Dis- | Gage | Dis- | Gage | Dis- -| Gage | Dis- | Gage | Dis-
height. | charge. height.| charge.| height. | charge.| height. | charge.| height.| charge.
R S R 3.7 50 1.9 {130 PR, 0 2.95 19
SR PR PR, 3.7 50 1.9 N R 0 3.0 21
47 3.02 21 2.39 4 2.9 v
45 1.8 [ 3 (O, 4 2.4 4
0 1.8 L1 I P 3 2.93 17
0 1.7 [N PO, 2 2.3 3
0 2.0 0 2.22 2 2.4 4
0 3.2 29 2.15 1 2.4 4
........ 0 3.1 25 3.1 25 2.4 4
........ 0 3.1 25 3.0 21 2.3 3
2.75 12| 31 25| 2.9 17| 245 5
2.8 13 3.2 29 2.1 "o 2.4 4
2.95 19 3.2 29 1.2 0 2.0 0
3.0 21 3.1 25 1.3 0 1.75 0
3.1 25 3.0 21 2.8 13 1.7 0
3.15 27 3.1 25 1.3 0 1.7 0
3.2 29 3.0 21 1.3 0 1.5 0
3.15 27| 3.0 21| 1.3 0. 1.55 0
3.2 29 2.9 17 1.25 0 1.82 0
3.1 25 2.9 17 1.2 0 1.4 0
3.15 27 2.9 17 1.9 0 1.4 0
3.1 25 2.9 17 1.25 0 1.35 0
2.6 8 3.0 21 1.2 0 1.35 0
2.0 0 3.1 25 1.2 0 13 0
2.0 0 3.3 33 1.2 0 1.25 0
2.0 0 2.9 17 1.3 [ PR R
2.0 0 2.9 17 2.4
2.0 0 2.9 17 2.6
1.95 0 2.2 2 2.8
1.9 {2 R 0 2.8
1.9 [V 0 PRI SR 2.7

Estimated monthly discharge of Cook candl near Chinook, Moni., for 1905.

Month.

Discharge in second-feet.

Total in

Maximum,

Minimum. Mean. acre-feet.

a

37.0 2,202
15.5 953
16.5 982
4.5 277
9.0 214

..... 4,628

e Estimated.
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MATHESON CANAL NEAR CHINOOK, MONT.

This canal diverts water from the south side of North Fork of Milk River. The head-
gates are situated about 3} miles east of Chinook, Mont., and about three-fourths of a mile
below the head of the Cook canal. The general course of the canal is easterly and the
irrigated lands under it lie along the Great Northern Railway.

The station was established April 10, 1905. It is located at a footbridge 200 feet below
the head-gates.

The channel is straight for 200 feet above and below the station. The canal is in a cut
and the banks are high; the right is covered with willows and the left with brush. The bed
is composed of sand and is covered with vegetation. The velocity is about 1.4 feet per
second when the canal is running full.

Discharge measurements are made from the bridge. The initial point for soundings is
at the extreme end of the bridge timbers on the right bank.

The gage, which was read once each day during the irrigation season by H. C. Reynolds,
is a vertical rod driven into the bed of the canal immediately below the bridge. The gage
is referred to bench marks as follows: (1) A 60-penny nail in the root of a 5-inch willow tree,
180 feet south of the head-gates of the canal; elevation, 9.58 feet above the datum of the
gage. (2) A nail in a 3-inch willow tree, 180 feet south of the head of the canal, east of
bench mark No. 1 and across the road from it; elevation, 9.34 feet above the datum of the

gage.

Discharge m ents of Math canal near Chinook, Mont., in 1905.
Date. Hydrographer. Width,| aron of | e | e, | chase.
Ft. per

Sq. ft. sec. Feet. Secft.

L.R.Stockman..................... 18.3 1.42 3.15 25.9

Stockman and Morse. . 8.2 .83 2.1 6.8

H. M. Morse.... -- 5.0 .58 1.76 2.9

..... do. . . . 11.8 .68 2.52 8.0

Stockman and Prall..... . 15.2 .60 2.85 9.1
C.T.Prall...... 18.6 .68 3.17 12.7

..... Ao . 17.0 .68 3.05 11.5

Freeman and Morse..... . 5.6 .13 1.85 7
JCT.Prall............... -9, 10.0 .42 2.29 4.0

W. B. Freeman......... 4.0 1 1.76 .5
H.M.Morse.........o... 5 13.0 - .63 2.72 8.0

August1l. ... ) ....do......... 4.8 .24 1.79 1.0
August19. .. | C. T Prall. ..o i lececiecfecaaaea ] caaaans 1.45 25

NoTE.—Grass removed from canal bed after June 23,
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Daily gage height, in feet, and discharge, in second-feet, of Matheson canal near Chinook, Mont.,

Jfor 1905.
April. May. June. July. August.
Day. : . L -
ﬁ%ﬁt. cllliisée. hglga%; clg,l:ée. l‘g?gﬁ?t. cl%l?ée. h(e}isé%%. c&%ﬁ hgi;%?;. c!llilfée.
.
{
2% | 3.25| 28 2.8 [T R 7| 1.6 0.5
2| 288, 20 2.7 8.5 |-eeeneen 7] 18 .4
26| 3.2 77 2.7 8.5| 2.38 5 1.5 .3
26| 28| 20 2.7 85| 2.5 6 1.5 .3
26| 2.8 18 2.7 85| 2.0 2 1.5 .3
2% | 28 18 2.65 85| 2.0 2 1.5 .3
26| 2.7 16 2.65 85| 19 1 1.3 .0
22| 2.62| 15 2.65| 85| 18 1| 12 .0
2| 2.6 14 2.65| 85| 23 4 1.7 0.
27| 245 12 2.65| 85| 2.8| 9' | 18 1.0
27| 2.28 9 2.6 8 2.8 9 1.8 1.0
2% | 2.25 9 2.6 8 2.6 7 17 .7
25 [oeenne. 7.5] 2.6 8 25 |- 6 1.65 5
2 | 6 2.65 8 2.3 4. 1.5 3
16 [ooeoe.n. 5 2.65| 8 2.95 | 4, 1.5 3
15 |eeennnnn 4 2.6 8 2.45 5 1.5 .3
14| 176 3 2.85 9 2.4 5 1.7 LT
14| 2.1 7 2.6 7 1.8 1 1.7 7
13| 2.22 8 2.5 6 1.8 1: 1.6 5
13| 2.72 85| 2.5 6 1.85 1 1.5 .3
13| 2.8 9 | 27 8 1.8 1 1.5 .3
20| 2.92 9 2.7 8 2.2 3 1.65 6
22| 2.6 8 3.1 12 1.8 I TR ST
7] 2.55 8 3.0 11 1.8 A T O
6| 262 8 30, 1 1.8 | A IS ISP
6| 2.6 8 2.9 10 2.45 [ T IO
6| 2.7 85 2.8 9 2.72 - O ST
7| 275 9 2.85 9 1.85 S R O
23| 2.8 9 2.6 7 1.7 A Y U
27| 2.8 9 3.0 i e
2.8 [ I T S 1.6

NoTE.—Discharge April 1-9 estimated.

Estimated monthly discharge of Matheson canal near Ohinook, Mont., in 1905.

R ‘ _feot.
Month Discharge in seconé} eet. Total in
- Maximum.| Minimum. | ‘Mean, | 2cTe-feet.
- 23 o 1 A S 27 6.0 19.0 1,131
5 28 3.0 1.0 676
JUDE - et 12 6.0 | . 9.0 536
B 101 U 9 50 3.5 215
August 1-22. ...l 1 0 .4 17
The Period . - ..ot ieeieeneceeeeeeeeaeceeemeceea] e ceaaeans beeaaaas 2,575
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HARLEM CANAL NEAR ZURICH, MONT.

The Harlem canal is owned by a corporation composed of farmers and is used to irrigate
a considerable area of bottom lands near Harlem. It diverts water from the north side of
Milk River about 104 miles below Chinook and flows eastward about 12 miles.

The station was established in June, 1903. It is located about 500 feet below the head-
gates of the canal, which are 13 miles southeast of the Great Northern Railway section
house at Zurich and is best reached by driving from Harlem or Chinook. ’

Discharge measurements are made by wading at the gage. The initial point for sound-
ings is a stake driven into the left bank, near the gage. Flood measurements can be made
from a small highway bridge 2 miles below.

The gage was read daily during the irrigation season of 1905 by John Palm, who hves
about one-half mile below. It is a vertical board driven into the bed of the canal. The
bench-mark is a spike in the downstream face of a 6 by 8 inch post at the left bank, on the
downstream side of the head-gate. The spike is 0.8 foot below the top of the cross piece and
has an elevation of 11.89 feet above the gage datum.

Information in regard to this station is contained in the following Water-Supply Papers of
the United States Geological Survey:

Description: 99, p 106; 130, pp 106-107.

Discharge: 99, pp 106, 136; 130, p 107.

Discharge, monthly, 130, p 108.

Gage heights: 130, p 107.
foting table: 130, p 108.

Discharge measurements of Harlem canal near Zurich, Mont., in 1905.

Date. Hydrographer. Width. étez?:giio‘l)lt. ve?i(()eg?y. h(é}iﬁgl %‘ ch];irsg-e.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
April 8. ........ L. R. Stockman.......... g 16 26 0.4 1.35 10.5
April 4 ... .1 Stockman and Morse. . 17 27 .54 1.12 15.0
May 17......... 20 36 .52 1.38 19.0
June3......... 16 24 81 1.58 19.0,
Jure 17........ 19 32 .23 .98 7.3
June24. ... .. C.T.Prall ... ..ot . 13 10 25 .68 2.5
.| Freeman and Morse. .. 35 74 2.21 26.0
C.T.Prall..........ooo.ooiiiiiiiiifoaaaiaas 20 .51 1.35 10.0
July21......... W. B. Freeman. 15 .35 1.05 5.3
July 27......... H. M. MOYSe. . oeoimeneiei e eaecaeaa]aeaannnn 52 .97 2.96 51.0
Auvugust5...... W.B. Freeman..............._......|....... 7 .15 .45 2l.2
August 11. .__. H. M. MOIse....o.ooiimniaaecaaadeenennn 20 .67 1.37 14.0

a Leakage through gates.
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Daily gage heights, in feet, and discharge, in second-feet, of Harlem canal near.Zurich, Mont.,

Jor 1905.
March. ' April. May. June. July. August.
Day. Gage | Dis- | Gage| Dis- | Gage | Dis- | Gage | Dis- Ga%le Dis- | Gage | Dis-
height.| charge.theight.| charge. height‘ charge. height.| charge. height.; charge. height.| charge.
1.93 21} 1.0 12| 1.6 19| 1.4 151 1.35 18
1.93 21 .9 10| 1.6 19| 1.6 19 |....... 0
1.93 21 .9 10| 1.6 19 ] 1.98 22 [eecnann 0
1.53 14 .8 8| 1.5 17 ... 25 l.o... 0
143 12 .8 8| 1.3 13 2.3 28 .45 1
1.43 12 1.1 14 1.0 8| 2.1 24 1.4 15
1.33 10 |....... 17 .9 6 2.28 281 1.2 11
1.33 10 1.5 21 1.1 10 2.4 30 1.2 11
32 1.10 6 1.7 25 1.3 13} 2.4 30 1.4 15
30 1.10 6 1.8 27 1.6 19 | 2.45 31 1.5 1.
301 1.65 16| 1.8 271 1.4 15| 2.12 24| 1.35 14
36 | 2.50 32| 17 26| 1.2 11| 1.96 21| 1.25 12
381 2.50 321 1.7 251 1.15 10/ 1.78 18! 1.2 11
y 34 2.50 32! 1.6 231 1.3 13] 1.5
0] 2.40 30 1.6 23 1.1 10 1.4
25| 2.40 30| 1.35 18| 1.05 91 1.22
0} 2.40 30 1.2 15 .98 7 1.17
0} 1.80 271 11 14 .9 6 1.1
28 | 1.60 230 1.1 14 .8 41 1.05
28| 1.45 20 .85 9 .78 41 1.05
30] 1.40 19 .75 7 .75 41 L0
34| 1.30 17 .8 .74 4 1.0
28 1.20 15 .9 10 .70 3 .98
281 1.10 14| 1.0 12 .68 3 .9
To7| 110 4| 115 14| .68 3| .87
23 1.20 15 1.3 13 .65 2 1.6
23 1.20 15 1.4 15 .65 27 2.8
23} 1.10 4 ... 16 .85 5| 4.05 £ 2 PN P
2.13 25| 1.00 12| 1.5 17 | 1.10 10| 3.2
2.13 25| 1.00 121 1.6 19| 1.29 13| 1.75
2.13 b2 T PR PR 1.6 19 1.5

Estimated monthly discharge of Harlem canal near Zurich, Mont., for 1905.

Discharge in second-feet. .

Month. Total in

Maximum. | Minimum. | Mean, | 2cre-feet.
March 5-81. .. ... ..o ool s 38 0 25.5 1,366
April. . 32 6 18 1,071
. 27 7 16 984
2 9 536
3 20 1,230
0 10 377
...................... 5, 564

AGENCY DITCH NEAR HARLEM, MONT.

This canal was built by the United States Indian Office and is used for the irrigation of

Jand on the Fort Belknap Indian Reservation.

It diverts water from the south side of Milk

River, flows southward and eastward for about 11 miles, and has several laterals of consider-
able size. The head gates are situated near the agency buildings, about 4 miles south of

Harlem, Mont.
IRR 172—06——6
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The station was established July 14, 1905. It is located at the highway bridge about
one-fourth of a mile below the head gates.

The channel is straight for 300 feet above and below the station. Both banks are high
and have slopes of about 1} to 1. The bed of the canal is composed of firm earth, com-
paratively free from vegetation, and is permanent.

Discharge measurements are made from the downstream side of the wooden-truss br]dge,
which has a span of 45 feet. The initial point for soundings is a nail at the end of the dewn-
stream lower chord of the bridge at the right bank.

The gage, which was read gratuitously once each day during the irrigation season by
C. M. Zeibach, chief clerk of the agency, is a vertical rod driven into the bed of the canal 15
feet below the bridge and 5 feet from the right bank. The gage is referred to bench marks as
follows: (1) The head of a 60-penny spike driven vertically into an 8 by 8 inch timber on the
south end and lower side of the bridge; elevation, 12.68 feet above the zero of the gage.
(2) The highest point on a large granite bowlder at the north end and lower side of the
bridge; elevation above the zero of the gage, 14.51 feet.

Discharge measurements of Agency ditch near Harlem, Mont., in 1905.

Date. Hydrographer. Width. :ezg?ogf. vé\ll:caigy; h(giag et. ch[;lrsg-e.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.ft.
July14........ Prall and Freeman............._.... 20 30 0.81 3.24 24
July 28. ... W. B. Freeman. .................... 24 67 7 4.82 a52
July28.......f..... [ T S 24 60 1.04 4.53 63
August4._..... C.T.Prall. ... .. ..., P21 54 .56 4.3 z29
August 17. ... ... [ L 2 22 44 .33 3.8 . el4
August 25..._.. 18 18 1.01 2.5 18
September 5. .. 14 4 .4 1.75 2

a Backwater.

Daily gage height, in feet, and discharge, in second feet, of Agency ditch near Harlem, Mont.,

in 1905.

July. August. | September. July. August. |September.
pay. |28 (8|6 |2 8| v |B|E|D|85|F|8
AR RE-SE BE-SE AR RS RE-AE
O I - A R - 22 1% 8| ¥ 5
[&] [=] &} [=] &} =] (<] [=] &) =] < [=]
0| 4.4 5 3.1 21 | 3.8 j ¢ 2 PR PR
043 4 2.9 16 | 3.7 12 ...
0143 3 2.7 12 ; 3.6 1 I O B
0|43 3 2.6 10 3.5 L2 PR N
042 2 2.5 8134 < 20 PO D
0]4.2 2 2.5 8133 E- 20 PR R
042 1 2.5 8 3.2 (0 PO P
0]4.2 1 2.0 213.15 6 .,
b TR P 32 | 4.2 0 1.8 1125 ) E: 2 O
100 e 32 4.2 0 1.7 ) | U2 PR IO, .
) ) R 32 (4.1 0 1.6 0...... T 2 DR SR
3241 | 22 |... ... 4.8| 63...... 1 18 OO I .
2041 | 22| _..|..... 5.2 521...... 9l ... s

27 | 4.0 5.3 52 7

16 | 3.95 4.8 51 |...... 5]

21 3..9 ......
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Estimated monthly discharge of Agency ditch near Harlem, Mont., in 1905.

Discharge in second-feet. Total in

Month.
Maximum.| Minimum. | Mean, | #ore-feet.

................................................ 63 0 2] 1,049
33 1,107

5 48

2,204

FORT BELERAP CANAL NEAR CHINOOK, MONT.

The Fort Belknap canal is owned by a corporation composed of farmers and is used for
the irrigation of extensive areas of bottom lands near Chinook, Mont. It diverts water from
the north side of Milk River about 8 miles above Chinook.

The station was established June 21, 1903. 1t is located at the highway crossing 1 mile
below the head gates of the canal and is reached by driving.

The channel is curved above and straight below the station. Both banks are sloping, and
the bed is composed of sand and gravel.

Discharge measurements are made from the wooden highway bridge, to which the gage is
attached. The initial point for soundings is a spike 15 feet from the gage on the down-
stream hand rail.

The gage was read daily until August 12, 1905, by D. E. Martin, and from that date to the
end of the irrigation season by Morris Jones. The original gage was a vertical board fas-
tened to the downstream chord of the highway bridge. This was replaced July 28, 1905, by
a rod gage driven into the bed of the canal just below the bridge, the same datum being used.
The gage is referred to bench marks as follows: (1) A nail at the base of a large cottonwood
tree 300 feet southeast of the gage; elevation, 3.91 feet above the zero of the gage and
2,427.80 feet above sea level. (2) Anail in a telephone pole 30 feet northeast of the bridge;
elevation, 7.57 feet above gage datum and 2,431.46 feet above sea level. This gage datum is,

. 0.15 foot higher than that of 1903.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description; 99, pp 107-108; 130, p 103.

Discharge; 99, p 108; 130, p 104.

Discharge, monthly: 130, p 105.

Gage heights; 99, p. 108; 130, p. 104.
Rating table; 130, p 104.
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Discharge measurements of Fort Belknap canal near Chinook, Mont., in 1905.

STREAM MEASUREMENTS IN 1905, PART VIIIL.

Date. Hydrographer. Width. ﬁezi?o?lf. Vé\lloec?irtly. hg‘iz%)et. chlzzlrsg-e.
Ft. per

, Sq. ft. sec. Feet. Sec.-ft.
April10........ 51 1.00 2.83 51
April22.... 55 1.17 2.92 64
May 19........ 46 1.01 2.70 16
June 16 .. ... 42 .67 2.60 28
July1......... 63 1.08 3.18 68
July 12........ 42 .52 2.57 22
July 2).. 14 .35 1.50 5
July 28.. 86 1.51 3.62 130
37 1.49 2.35 55
42 1.49 2.68 63
56 1.22 3.00 68
60 .98 3.16 59
41 .37 2.62 15
.................... .65 b1

a Affected by backwater from check in canal.

Daily gage heights, in feet, and discharge, in second-feet, of Fort Belknap canal near Chinook,
Mont., for 1905.

b Estimated.

March. April. } May. June. July. { August.
Day. Gage | Dis- Gage | Dis- | Gage | Dis- | Gage| Dis- | Gage ‘ Dis- ! Gage | Dis-

height | charge. height./charge. height.| charge.|height./charge. |height. charge. height.| charge.
3.25 82 3.1 731 2.7 481 3.18 68 2.5 64
3.15 76 3.1 731 2.9 60 §....... 55 2.5 64
3.05 70 3.0 66 | 2.9 60 2.8 39 3.0 65
3.05 70 3.0 66 | 2.7 48| 2.8 39 3.0 64
2.95 63 2.9 60| 2.6 46 | 2.8 39 3.3 63
2.95 63 2.9 6) | 2.7 41 2.9 47 3.3 62
2.95 63 3.0 66 | 2.7 421 3.0 54 3.3 61
2.85 57 2.9 60| 2.7 40| 3.1 62 3.2 59
2.95 63 2.9 60 | 2.7 38| 3.0 54 3.1 54
3.05 56 2.9 60 2.7 36| 29 47 3.0 46
2.8 54 2.9 60 | 2.7 3| 2.8 39 2.9 38
2.9 60 2.9 60 | 2.7 32 2.8 30
2.9 60 2.8 54 |oo.o..n 24 ... 25
2.9 60 2.9 60 |....... 20 |..o.... 20
3.0 66 2.8 54 1....... 18 2.6 15
3.0 66 2.8 54| 2.6 14 2.4 9
3.0 66 2.7 48 |....... 11 2.0 5
3.0 66 2.7 48 |o...... 8 1.5 3
3.0 66 2.7 48| 2.6 7 1.1 2
3.1 73 2.7 48 | 2.5 5 1.0 2
3.0 66 2.5 36| 2.5 5 .9 2
2.92 64 2.7 48 | 2.5 4 .8 1
3.0 66 3.0 66 | 2.45 4 .7 1
3.0 66 3.1 73| 2.45 4 .6 1
3.0 66 3.2 79 | 3 .6 1
3.0 66 3.1 73| ... 3 .6 1
3.0 66 3.0 66 |....... 3 .6 1
2.9 60 2.9 60 |-...... 16 | 3.62 130 .6 1
3.1 73 2.9 60 \....... 30 2.35 55 .6 1
3.2 79 2.8 54 [o...... 40| 2.6 70 .6 1
............ ..ol 2.8 54 |oeoiii]enane..| 2.6 70 .6 1
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Estimated monthly discharge of Fort Belknap canal near Chinook, Mont., for 1905.

Discharge in second-feet.

Month, Total in
. ) ' Maximum.| Minimum. | Mean. | cre-feet.
Mareh 27-31. s 100 82 89 883
i 82 54 66 3,927
79 36 60 3,689
60 16 32 1,904
130 3 33 2,629
65 1 25 1,537
.................................. 13,970

RESER DITCH NEAR CHINOOK, MONT.

The Reser ditch diverts water from West Fork of Milk River at a point about 12 miles
northwest of Chinook. The original dam and some dikes were constructed in 1900, but
were destroyed by floods the same year. The present dam was built in 1904 and the ditch
was completed and first used in April, 1905. Tt is designed to serve about 400 acres of land
owned by A. H. and E. T. Reser. .

A temporary gaging station was established July 10, 1905. It is located about 1 mile
below the head-gates of the ditch.

A gage rod, which was observed by A. H. Reser, who furnished the records gratuitously,
was driven into the bottom of the ditch about 10 feet above the measuring section. A
bench mark was established on the chipped point of a large granite bowlder 75 feet south of
the ditch and 250 feet west of the station; elevation of bench mark above the datum of the
gage, 3.82 feet.

The ditch was dry during a considerable part of the irrigation season, and for this reason
but two measurements of discharge were secured. It was visited five times between
June 21 and August 2 by various employees of the Reclamation Service.

Discharge measurements of Reser ditch near Chinook, Mont., in 1905.

Area of | Mean Gage Dis-
Date. Hydrographer. section. | velocity. | height. | charge.
Ft. per
Sq. ft. sec. Feet. Sec.-ft.
July 10........ C.T.Pralle...oooiiiiiiiiiiiiiiaiaiiiiaaa, 8.6 0.69 2.50 5.9
August 2...... W. B. Freeman 8.1 .79 2.53 6.4
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Daily gage height, in feet, and discharge in . second-feet of Reser ditch near Chinook, Mont.,

Sor 1905.
April. May. June. July. 1 August.
Day. Gage | Dis- | Gage | Dis- | Guge | Dis- | Gage | Dis- | Gage | Dis-

height. | charge.

height. | charge.| height.

charge.| height. | charge.

height. | charge.

cC oo o

2.6
2.6
2.6
2.6

~

S OO0 OO0 O CODCOO0OOCCOOOCODOODOOCO MM

Estimated monthly discharge of Reser ditch near Chinook, Mont., in 1905.

a Estimated April 9-June 15.

Discharge in second-feet.

Total in

Month. )
Maximum.| Minimum. | Mean. | 8cre-feet.

@3.0 131

23.0 184

Ta3.0 90

1.5 02

19 114

.......... 611

a Estimated.
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WEST FORK DITCH NEAR CHINOOK, MONT.

The West Fork ditch diverts water from West Fork of Milk River about 4 miles north of
Chinook, Mont. In 1898 a dam was constructed at this point and a ditch which irrigated
about 75 acres. The ditch was extended in subsequent years and now serves, it is claimed,
several hundred acres of land. A new dam was constructed in 1904 near the original loca~
tion. Several individuals were at first interested in the West Fork ditch, but it is now con-
trolled exclusively by the Empire Cattle Company.

A temporary gaging station was established on this ditch June 16, 1905, about 200 feet
below the head-gates.

A gage rod was driven into the bottom of the ditch at the measuring section. It was
referred to a bench mark consisting of a 20-penny nail driven vertically into a 6 by 12 inch
timber on the lower side of the head-gates at left bank; elevation above the datum of the -
gage, 5.50 feet.

An injunction was served on the owners of this ditch in the latter part of June and the
water was turned off until July 11. Several measurements of discharge were made, the
results of which are given below:

P

Discharge measurements of West Fork ditch near Chinook, Mont., in 1905.

Date. Hydrographer. séa:%?‘ogf. vgg:ﬁy., hg}isé . chlz)\rrsg-e.
i
Ft. per.

Sq. ft. sec. Feet. Sec.ft.
Junel6.. ...... Prall and Stockman......................... 7 0.84| 2.8 5.9
July1i. ... Pralland Morse. .........coooimieoeaannn.. 14 .90 3.43 12.6
July 18 _....._. 1.70 a1
TAugust2. ... .. 3.55 12.0
August 10..... 3.50 13.0
August 15_.... 2.90 6.6

a Estimated.
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Daily gage heights, in feet, and discharge, in second-feet, of West Fork.ditch near Chinook,
Mong., for 1905.

June. July. August.

Day. - Gage | Dis- | Gage | Dis- | Gage | Dis-

height.| charge.| height.| charge.| height.' charge.

al2

o000 CcoCc o CcCoCe

e Estimated.

Estimated monthly discharge of West Fork ditch near Chinook, Mont., for 1905.

Discharge in second-feet. Total in
acre-feet.

Month.
Maximum. | Minimum. | Mean.

June........ooiiiiiiiiiiiiiiiioo s 8.5 0 4.2 250
11 13.0 0 2.9 179
AUGUS . - oo i3.0 0. 5.9 364

DOWEN & BUCKLEY DITCH NEAR CHINOOK, MONT.

This ditch, which heads in Canada about 150 feet north of the international boundary,
diverts water from North Fork of Milk River at a point about 30 miles north of Chinook,
Mont.

Construction was begun on the dam and ditch in 1902, and the works now consist of
an earth and rock dam, three flumes, and about 2 miles of ditch. About 40 acres of land
were irrigated from the ditch in 1905, and it is probable that 150 acres will ultimately be
reclaimed. The water filing attaching to this ditcheis for a flow of 12 second-feet, but the
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owners testified in a lawsuit that only 50 miner’s inches, or 1.25 second-feet, have ever been
diverted. September 20, 1905, the ditch was visited and a cross section and the slope were
determined, from which the capacity of the ditch was estimated at 7.5 second-feet.

ROKITA DITCH NEAR CHINOOK, MONT.

The Rokita ditch diverts water from North Fork of Milk River at a point about 27 miles
north of Chinook, Mont. The dam is well constructed of earth and rock, and the ditch is
about 2 miles long. About 40 acres are irrigated at present, but more land will soon be
brought under the ditch. Information is lacking in regard to the date and amount of
water filing, as well as the date on which construction was commenced. -

This ditch was visited September 20, 1905, and a cross section and the slope were meas-
ured, from which the capacity is estimated at 6 second-feet.

CORREGAN DITCH NEAR CHINOOK, MONT.

The Corregan dam is located in North Fork of Milk River at a point about 22 miles north
of Chinook, Mont., and 8 miles below the Dowen & Buckley dam. The head-gates are 5
feet wide and 2.5 high, and the ditch is completed for 2 miles. The upper 1,500 feet are
located in a slough, and the ditch is carried across North Fork in a flume about 150 feet long.
An appropriation of 20 second-feet was made in October, 1901, and construction was begun
on the ditch in 1902. About 55 acres of land are being served at present and probably 150
acres will eventually be irrigated from this ditch. Henry Corregan testified in court that he
has used about 100 miner’s inches, or 2.5 second-feet, since 1902. 7

The ditch was visited September 20, 1905, and cross sections and slopes were taken at
two different points, from which the capacity of the ditch is estimated at 6 second-feet.

‘WINTER-ANDERSON GAIQ:AI. NEAR CHINOOK, MONT.

This canal diverts water from the south side of Milk River at a point about 3 miles south-
east of Chinook, Mont. Construction was begun in October, 1900, and a filing was made at
that time for 100 second-feet of water. An appropriation of 12 second-feet, dating back to
March, 1896, is also claimed for this ditch by Henry Winter. This appropriation was orig-
inally made by other parties, whose rights were acquired by Winter in September, 1896.
Probably 2,500 acres could be irrigated from the Winter- Anderson canal, but it carried no
water during 1905.

This canal was visited October 11, 1905, and from the cross sectlon and slope Whlch were
then taken the capacity of the canal was estimated at 45 second-feet.

PARALLEL CREEK DITCHES NEAR HARLEM, MONT.

In the vicinity of Harlem, Mont., are a number of ditches used to divert water from
Parallel Creek, a stream which usually discharges a large amount of water in March and
April, but goes dry early in the season. A considerable body of land is irrigated from this
creek.

The principal ditches are the Nystrom, Fox, Everett & Smith Company, and Forbes.
ROCK CREEK CANAL NEAR HINSDALE, MONT.

This canal is owned by a corporation composed of farmers in the lower Milk River Valley.
It diverts water from the east side of Rock Creek, a tributary of Milk River from the north.
The head-gates are situated about 7 miles north of Hinsdale, Mont , and the general course
of the canal is southerly. The canal is used to irrigate extensive areas north of the river
and east of Rock Creek.

The gaging station was established July 5, 1905. It is located about 300 feet below the
head-gates of the canal.

The channel is straight for 100 yards above and 200 yards below the section. Both banks
are nearly vertical and are composed of earth. The bed is composed of soft mud, with a
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very small amount of vegetation, and probably shifts slightly. The current has a velocity
of about 1 foot per second in ordinary stages.

Discharge measurements are made by wading about 10 feet below the gage. The initial
point for soundings is a stake set in the west bank about 2 feet from the water’s edge.

The gage, which was read twice each day by F. E. Halbert from the time of its establish-
ment to the end of the irrigation season, is a vertical rod driven into the bed of the canal
near the left bank. The gage is referred to bench marks as follows: (1) The head of a 10-
penny nail driven into a notch cut in a large cottonwood tree 100 feet east of the gage; ele-
vation, 8.43 feet above the datum of thegage. (2) The head of a 10-penny nail driven into a
notch cut in a large cottonwood tree 150 feet northeast of the gage; elevation,8.74 feet above
the datum of the gage.

Discharge measurements of Rock Creek canal near Hinsdale, Mont., in 1905.

Date. Hydrographer. widan| A0 Aty nER | oo
Ft. per
Feet. | Sq.ft. sec. Feet. Sec.-ft.
July5......... C.T.Prallo ..o 2.5 30.1 1.02 1.0 30.7
July24........ W.B.Freeman...................... 21.5 9.4 .26 .19 2.5
August12......|..... A0t 21.5 13.1 .51 .3 6.7

Daily ga,gc,; heights, in feet, and discharge; in second-feet, of Rock Creek canal, near Hinsdale,
Mont., for 1905.

July. © August. July. August.
Day- Gage | Dis- | Gage | Dis- Day. Ga, Dis- | Gage | Dis-

height. | charge.| height. icharge. height. | charge.| height. | charge.
31 1.25 41 0.68 18 0.2 0
31 .95 29 .5 12 0.0 0
31 .9 27 .4 9 ... 0
31 .8 23 .38 [ PO 0
31 .7 19 .3 [ 2 PO, 1]
29 .65 17 .25 2 PO 0
31 .58 15 .25 [ 7% PR 0
29 .5 12 2 [ 2 PO 0
25 42 9 1 1 0
19 .4 9 1.4 48 0
17 .35 7 1.4 48 0
16 .3 6 1.25 41 0
12 .25 5 1.3 44 o
9 2 3 1.3 4 .. 0
9 .12 2 1.2 39 ... 0
11 .08 1

Estimated monthly discharge of Rock Creek canal near Hinsdale, Mont., for 1905.

Discharge in second-feet.

Month. Total in

Maximum.| Minimum, | Mean. | 2€re-feet.
1 Y 48 1 22 1,353
AUZUSE - oo iieiieeeiciaeaae 41 0 7.3 438
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SEEPAGE MEASUREMENTS.
MILK RIVER, MONTANA,

During the week beginning June 4, 1905, a series of measurements were made by L. R.
Stockman, assistant engineer, along Milk River from the head-gates of the Milk River canal,
located about 20 miles northwest of Sweet Grass, down the river to a point 2 miles below
the Canadian police station. This distance is approximately 50 miles. Other measure-
ments were made from the point where Milk River enters Montana as far down as Havre.
This distance is about 60 miles.

Seepage measurements of Milk River, Montana, June, 1905.

Gain or loss.
Dis- | Dis-

Day. Location. tance.e| charge. oo 111.\)5;.
Miles. | Sec.ft. | Sec.ft. | Sec.-ft.
9 Head-gates..... .ot 0 49.0 |l
9] Milk RiVer. ...t 10 5.5 | +7.5| 4+0.75
10| Logan’sranch. ... ... it 16 51.4| —5.1{~— .32
10 [ Young'sranch. ... ... i 10 47.2 | —4.2 | — .42
10 | Sickler'sraneh. ... ... ... 14 3.9 —3.3|— .24
6| Canadianline..... ... ... ...l e 75 39.9| —4.0 | — .053
6 | Simpson’s ranch........ ... ...l 15 3.0 —29 — .2
5| Dam site.. ... s 19 33.3| —3.7|— .20
5 | Deserted ranch. . . ... ...l iieiiiiaieaaas 15 41.6 | +8.3 | + .55
S HavIe. . i 10 44.6 | +3.0/ + .30

e Distances from point to point, measured along the river.
CUTBANK CREEK, MONTANA.

August 21 and 22, 1905, a series of measurements were made by H. M. Morse, engineer-
ing aid, along Cutbank Creek, for the purpose of determining the seepage loss, from a point
about 20 miles above the town of Cutbank, near the ranch of John Bird, to Cutbank.

Seepage measurements of Cutbank Creek, Montana, August, 1905.

tglili-e Gain or loss,
Day. Location. from | ,Dis-
Cut- charge. Per
Total. :
bank. mile.

Miles. | Sec.Ht. | Sec.ft.| Sec-ft.

21 | John Bird’s Tanch. . ... ..oooeeeii oottt W[ 425 feeafeann.s
21 | Gilham’sranch. ... ... o - 15 37.0 ] —5.5| —1.1
21 | Stockman’s camp, 1 mile above Bud FEllison’s ranch .......... 11 4.6 | +3.6| + .9
22 | 2 miles below Bud Ellison’s ranch. . _.......................... 8| 3.6 —50| —1.4
22 | 5 miles from Cutbank and 1 mile above point where reservation .
fence Crosses Creek. . .....c.ooioiiiiiii i iiiiiiaaaaiaaaas 5 34.2 | —1.4| — .47
28| CUtbank. . . et 0] 30| —12| — .27
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MISCELLANEOUS MEASUREMENTS.

- Miscellaneous discharge measurements made in Milk River drainage basin in 1905.

Date. | Stream. Locality. Width. ‘égt‘;‘gﬁ_ vgggiril:y." h%?g et_ c]l?slj‘_ge.
|
Ft. per
§q. ft sec Feet. |Sect.
June 16.. ......| Milk Rivere .......| Yantic, Mont.......| ..o feioieariminninnionanns b1.0
July 1... ‘ 5.2
July 12........ ‘ 5.2
July 20. .. ooooeeado®ee o do e SRS 5.3
July 28........l.oo.do®e oo @0 e loeenenen 5.5
July29...........doe ... @0 [T b 60
August 3. ..........doe . o...iolfe.aodooiiiii e ' ........ 54,0
August 8. ... ... O e @O e e b1.0
August 15. ' 5.2
August 23. 5.0
June 17.. 53.0
June 24... ... b43.0
July 8......... 136
July 15........ 8.0
July 21, .. .o odosC e @O e el 7.0
July 27. .. oo doCo O e e b 450
August 5. ..... b 200
August 11.. 53
August 19. 5 8.0
June 17.. b1.5
June 24 .. .. lioidodo oo O 52.0
July 8. ............ 184.0 98 |..oo.... 180
July16... ... ocdol oLl Ao e b 5.0
July2t... ... ioodode Lo Ao e 4.0
July 27, ..o oidodl @0 e e b 350
August 5. ... ... 90.0 2.32 ... 209
August 11.. 19.0 1.88 ........ 35
August 19.. ... _.dod. ...t o e e b6.0
August 25.. ... Fort Belknap 21.0 .68 [o...... 15.0
‘i Agency, Mont. )
July 14........ : Milk River f ....... Harlem, Mont. .....{cooooweiloeeoo oo oot 4.0
July 28........ U 409
Augustd. ... .. b 50
August 17.. b5.0
August 25.. ...\, .. 51.0
September 5.0 .. 52,0
July24........ Milk River. ........ .. b 40
August 12, .. ... do.o.illo... b 65
July 5.. ... Rock Creek g ....... 14.0
July 24, .o L. s N S b5
August 12, ... ... 4o b5
July 18........ ‘ West Fork of Milk 9.0
River.k
July 11... ... West Fork of Milk |..... [ 1< JP0R ) IR (RO PR BN 51.0
River.i
July 18... . ..., ... do i ool oaat [« 10 AR PR MUY MR PR 7.0

2 Estimated just below the head of the Fort Belknap canal.
b Estimated.

¢ Measured just below the head of the Paradise Valley canar
d Measured just below the head of the Harlem canal.

¢ Measured 1} miles below head-gates.

J Measured just below head of the agency ditch.

¢ Measured just below head of the Rock Creek canaz.

h Measured below head of the Reservation ditch.

¢ Measured below all diversions.
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Miscellaneous discharge measurements made in Milk River drainage basin in

1905—Continued.
: s Area of | Mean | Gage | Dis-
Date. Stream. Locality. Width. | seotion. |velocity.| height.| charge.
Ft. per
Feet. | Sq.ft. sec. Feet. | Sec.ft.
July 28-29:._ ...} West Fork of Milk | Chinook, Mont ... [........|.......ofoioafoo i) D20%@
River.a
August 2. ... .do.a. .| ... i SO RN 36.0|  0.67 ... 24.0
August 8. _. R . 87.0 | Ad L 38:0
August M. ___|..... doe. ...........|..... [ U+ S PN 33.0 | 60 |....... 20.0
August 11, ..o oo B0 b 15.0
August"fs s ‘ b &
August 23 b.5
@ Measured below all diversions. " b Estimated.
* MUSSELSHELL RIVER DRAINAGE BASIN.

MUSSELSHELL RIVER AT SHAWMUT, MONT.

Musselshell River heads in the Little Belt Mountains, not far from White Sulphur Springs,
Meagher County, Mont., runs eastward, between the Big Snowy Mountains and the Bull
Mountains in a course approximately parallel to that of the Yellowstone to about 107° 30"
west longitude, and then turns northward to the Missouri.

The gaging station was established August 12, 1902, for the purpose of determining the
amount of water available for irrigation and storage. It is located at Crawford’s ranch,
one-eighth mile from the post-office at Shawmut, Mont., and 25 miles east of Harlowtown.

The channel is straight for 150 feet above and below the station. The right bank is high
and steep and covered with brush; the left is comparatively high and but slightly wooded;
both banks may overflow at extreme high water. There is but one channel at all stages.

Discharge measurements are made by means of a cable and car at the new gage. The ini-
tial point for soundings is the center of the post supporting the right end of the cable.

The gage is read once each day by Dwight E. Crawford. The original gage was a vertical
rod spiked to a cottonwood stump on the right bank of the river, about 200 feet north of Mr.
Crawford’s house. April 22, 1905, a new rod gage was set into the right bank 400 feet below
the old gage, the datum being 1.01 feet below that of the original gage. As the fall of the
river is only 0.72 foot between the two points, the new gage reads 0.29 foot greater than the-
old one; readings for years previous to 1905, to be referred to the new datum, must therefore:
be increased by that amount. The gage is referred to bench marks as follows: (1) A 30-
penny spike below a blaze in an 18-inch cotton wood tree, which stands at the corral fence
75 feet northeast of the old gage rod; elevation, 5.91 feet above zero of the old gage and
6.92 feet above zero of the new gage. (2) A 10-penny spike in a 6-inch cottonwood tree 60
feet southeast of the old gage rod; elevation, 6.14 feet above zero of the old gage and 7.15
feet above zero of the new gage. (3) A bolt in the post supporting the measuring cable at
the right bank, established April 22, 1905; elevation, 4.87 feet above zero of the new gage.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey.

Description: &, p 31; 99, pp 111-112; 130, p 113.

Discharge: 130, p 114.
Gage heights: 84, p 32; 99, p 112; 130, p 114.
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Discharge measurements of Musselshell River at Shawmut, Mont., 190}—5.

Date. Hydrographer. Width.| JER 0 | celoetty. | hoghs. | charge.
) Ft. per
1904. Feet. | Sq.ft. sec. Feet, Sec. ft.
November8...| L. R.Stockman ......c..oaoeeeaniaofoaaaaa. 53 1.38 al.44 ¥t
1905.
Aprit23........ JH.Sloan .. .. ...l 55 69 .95 101 66
May 15 . ....)..... L 7 55 70 118 1.20 83
June20....... 72 159 2.35 2.25 376
August 7...... 63 61 .98 1.00 60
Septemter 220 (. __ .. s (o U A 1.6 1.10 .40 1.8
e Referred to new datum. b Made at different section.
Daily gage height, in feet, of Musselshell River at Shawmut, Moni., for 1905.
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. " Aug. | Sept. | Oct. | Nov. | Dec
i
1.45 | 1.6 1.9 1.2 0.95 | 1.6 2.5 ! 2.4 0.55 | 0.45 | 0.95 1.1
1.45| 1.6 1.6 1.2 .9 1.9 2.3 f 2.0 .55 .45 | 1.0 1.1
1.45 ] 1.6 1.6 1.2 .9 2.3 2.1 i 1.85 .55 .45 1.1 1.1
1.45 | 1.6 1.55 | 1.2 1.0 2.6 1.9 I 1.5 .55 .45 | 1.05 1.1
1.45 | 1.6 1.5 1.2 1.05 | 4.58| 1.8 - 1.3 .55 .45 | 1.05 1.1
145 1.6 | L5 | 1.2 | 1.05| 3.78| 1.7 | L15| .55| .45| 1.05| 1.1
1.45{ 1.65 | 1.55 | 1.2 1.05 | 3.4 15 ’ 1.1 .55 451 1.05 1.1
1.45 | 1.7 1.5 1.2 1.0 3.4 1.3 | .95 .55 .45 1.05 1.1
1.45 | 1.7 1.4 1.3 1.0 4.13 | 1.3 ‘ .85 .5 .45 | 1.05 11
1.45 | 1.7 1.4 1.3 1.0 3.2 1.2 .8 5 451 1.05 1.1
1.45 | 1.7 1.3 1.3 1.55 | 3.6 1.05 .75 .5 .5 1.05 1.1
1.45 1 1.7 1.2 1.3 1.5 3.3 .9 .75 .5 .5 1.05 1.1
1.45 | 1.7 1.2 1.3 1.4 3.3 .8 7 .45 .5 1.05 1.1
1.45 | 1.7 1.1 1.25 | 1.3 3.25 .7 .7 .45 .6 1.04 1.1
1.45 | 1.7 1.4 1.25 | 1.2 3.1 .65 .65 .45 .6 1.04 1.1
1.45 | 1.7 1.3 1.25 | 1.15) 2.75 .6 .65 .45 .6 1.04 1.1
1.45 1.7 1.3 1.25 1.1 2.7 1.9 .65 .45 .6 1.0 1.1
1.45 | 1.7 1.3 1.2 1.1 2.6 .8 .65 .45 7 1.0 1.1
1.45 1.7 1.3 1.2 1.2 2.4 .65 .6 .45 .8 1.01 1.1
1.45 1.7 1.3 1.2 1.3 2.2 .6 .6 .45 .8 1.01 1.1
1.45 | 1.7 1.25 | 1.15 | 1.3 2.1 .6 .6 .45 1.0 1.0 1.1
1.5 1.7 1.25 | 1.15| 1.3 2.2 .55 .6 45| 1.1 1.0 1.1
1.5 1.75 | 1.2 .95 1.3 2.3 .55 .6 .4 1.0 .9 L1
L5 | 1.8 | 1.2 | 1.0 | 1.3 | 2.85| .55| .6 4 | Lo5| .9 1.05
' 1.5 1.8 1.2 1.0 1.3 2.4 .55 .6 .4 1.05 .9 1.0
1.5 1.8 1.2 1.0 1.3 2.4 .85 .6 .4 1.0 1.0 1.0
1.5 1.9 1.2 1.0 1.3 2.6 7 .6 4 1.0 1.1 1.0
1.5 2.06 | 1.2 .95 | 1.3 2.45 7 .6 4 1.0 1.1 1.0
1.6 |....... 1.2 .95 | L5 2.25 .9 .55 .4 .9 1.1 1.0
1.6 |....... 1.2 95 1.5 2.1 .9 .55 .4 .9 1.1 1.0
1.6 |....... 1.2 ... L5 [o...... 4.18 181 2 PR 8 ... 1.0

NoTe.—All gage heigh
From January 1 to

28 there was an open channel; the river was clear on March 1.
river was frozen also from November 27 to December 31.
ing frozen period gage heights are to the top of the ice,

ts refer to the datum established April 22, 1905.
'ebruary 12 the river was frozen entirely across; from February 13 to February

Average thickness of ice, 0.8 foot. The
Thickness of ice, 0.6 foot, approximately. Dur-

‘.
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LITTLE MUDDY RIVER DRAINAGE BASIN.
LITTLE MUDDY RIVER NEAR 'VVILLISTON, N. DAK.

Little Muddy River rises in the northwestern part of Williams County, N. Dak., and
flows southward into Missouri River at Williston.

The gaging station was established February 4, 1904. It is located in sec. 19, T. 155
R. 100 W, the gage in the southwest quarter and the cable in the northeast quarter, abo
7 miles by road from Williston, N. Dak.

The channel is straight for about 200 feet above and 1,700 feet below the statxon Bodh
banks are high and clean and do not overflow. The bed of the stream is composed of sﬂlt
and is fairly permanent. There is but one channel at all stages, and the current is sluggish.

Discharge measurements are made at high stage by means of a cable, car, and tagged wire.
The initial point for soundings is a point 0.5 foot behind the top of the cable support at the
right bank. At low stages measurements are made by wading a few rods below the gage.

A standard chain gage, which was read during 1905 by W. O. Hollar, is attached to a tim-
ber projecting horizontally over the stream near the house of the observer. The length pf
the chain is 22.23 feet. The gage is referred to bench marks as follows: (1) A post driven
flush with the surface of the ground under the projecting timber of the gage and marked
with a brass-headed nail in the top; elevation above the datum of the gage, 2.92 feet. (2)
A horizontal line of four medium-sized spikes driven into the end of a log in the wall of tbe
log house about 4 rods west of the chain gage at the corner nearest to it and about 3 febt
above ground; elevation above gage datum, 13.00 feet.

An inclined rod gage reading from 1.8 to 10.3 feet was established about 6 rods aboVe
the chain gage.

A description of this station, with gage height and discharge data, is contained in Water—
Supply Paper No 130 of the United States Geological Survey, pages 114-117.

Discharge measurements of Litile Muddy River near Williston, N. Dak., in 1905.

}

Date, Hydrogsapher. wiaen, Areaof | Mean | Goft | i,
Ft. per i
Feet. | Sq.ft. sec. Feet. Sec.-ft.
April5 ........ F.C.Davis. ..o 8.0 6.9 2.32 2.60 16.0
April25a._ _....| Chandler and Turner................ 22 9.8 0.97 2.50 9.5
April 25......|..... A0 e 7.8 5.3 1.72 2.45 9.1
April 25e. ... |..... (Y 15.5 6.2 1.47 2.45 9.1
May 23........ R. Richards......................... 8.5 7.2 2.43 2.54 17.5
June22........ F.C. DAVttt eieeeeeiieeaaaanns 8.0 7.2 212 2.50 15.3
July 25........ Hanna and Chandler................ 8.0 6.8 1.71 2.57 1.6
September 20..| E. F. Chandler......... ........... 7.5 4.5 |- 1.32 2.39 5.9

e Made at different section.
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Daily gage height, in feet, of Litlle M udéy River near Williston, N. Dak., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
3.9 2.6 2.5 2.5 2.6 2.5 2.4 2.6 2.5
3.9 2.6 2.5 2.5 2.6 251 0 25 2.6 2.5
3.9 2.6 2.5 2.5 2.6 2.5 2.5 - 2.6 2.5
3.9 2.5 2.5 2.55 2.6 2.5 2.5 2.5 2.5
3.8 2.5 2.5 3.2 2.6 2.5 2.4 2.5 2.5
3.6 2.5 2.5 3.45 2.6 2.5 2.4 2.5 2.5
3.5 2.5 2.5 3.2 2.6 2.5 2.4 2.5 2.5
3.2 2.5 2.5 3.1 2.6 2.5 2.4 2.5 2.5
3.0 2.5 2.5 2.95 2.6 2.5 2.4 2.5 2.5
3.0 2.4 2.5 2.8 2.6 2.5 2.4 2.5 2.5
29| 24| 25 2.8 26| 24| 24| 25 2.5
2.9 2.4 2.5 2.7 2.6 2.4 2.4 2.5 2.5
2.9 2.4 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.9 2.4 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.8 2.4 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.8 2.4 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.8 2.4 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.7 2.4 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.8 2.5 2.5 2.5 2.6 2.4 2.4 2.5 2.5
2.7 2.5 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.7 2.5 2.5 2.6 2.6 2.4 2.4 2.5 2.5
2.7 2.5 | 2.5 2.5 2.6 2.4 2.4 2.5 2.5
2.7 2.5 2.5 2.5 2.6 2.4 2.4 2.5 2.6
2.6 2.5 2.5 2.5 2.5 2.4 2.4 2.5 2.6
2.6 2.5 i 2.5 2.5 2.6 2.4 2.4 2.5 2.6
2.6 2.5 2.5 2.5 2.6 2.4 2.4 2.5 2.6
2.6 2.5 2.5 2.5 2.6 2.4 2.4 2.5 2.6
2.6 2.5 2.5 " 2.65 2.5 2.4 2.4 2.5 2.5
2.6 25 2.5 2.65 2.5 2.4 2.4 2.5 2.5
2.6 2.5 2.5 2.6 2.5 2.4 2.4 2.5 |eeeaaat
2.6 |........ 2.5 ... 2.5 L S 2.5 [coenn...

NotE —River frozen over January 1 to February 28; also November 30 to December 31.

Station rating table for Litlle Muddy River near Williston, N. Dak., from February 1, 190!,,10
Detember 31, 1905.

h(e‘iag © | Discharge. h(e}i"g ¢ | Discharge h(éig © | Discharge. ' hfig ¢ | Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feel. Sec.-ft. Feet. Sec.-ft.
2.40 6 3.40 137 || (430 423 5.20 794
2.50 10 3.50 162 4.40 161 5.30 839
2.60 16 3 60 189 4.50 500 5.40 885
2.70 23 3.70 218 1 60 539 5 50 932
2 80 32 4 3.8 249 470 579 5.60 980
2.90 43 3.90 281 4.80 620 5.70 1,030
3.00 57 4.00 315 | 4.9 662 5.80 1,082
3.10 74 1.10 356 || 500 705 5.90 1,135
3.20 93 1.20 38 || 510 749 6.00 1,189
i 3.30 114 f -

The above table is applicable only for open-channei conditions. It is based on 13 discharge measure-
ments made during 1904-5. It is fairly weil defined between gage heights 2.4 feet and 5.4 feet; above §
feet it is estimated.

.
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Estimated monthly discharge of Little Muddy River near Williston, N. Dak., for 1905.

[Drainage area, 800 square miles.]

Discharge in second-feet. Run-off,
Totalin | au sl |
Month. Second-feet :
Maximum.| Minimum, | Mean. | 2¢Fe-feet. | ‘nor'cquare Eggﬁgsm
mile. .
March.. ... 200 © 16 58.8 3,615 0.074 0.

16 6 9.4 559 .012 .013

10 10 10.0 615 .012 . ‘14

150 10 28.1 1,672 .035 . q39

16 10 15.0 922 ..019 .022

10 6 7.3 448 .0091 .G10
September ... 10 6 6.4 381 .0080 .Gos9

October..........oooooiiii... 16 10 10.6 652 .013 .015

November....................... i 16. 10 11.0 633 .014 . ‘15
THE POTiOd. . .. vveveoeeee oo oo e 9,500 |-ooeeeeees)enenns ..

YELLOWSTONE RIVER DRAINAGE BASIN.

* DESCRIPTION OF BASIN.

|
4
1
L
|
|
|
|
|

The upper Yellowstone rises in the Shoshone Mountains, in northwestern Wyoming, n#:ar
the southeast corner of the Yellowstone National Park, flows northwestward for 40 or| 50
miles, and then enters Yellowstone Lake, which may be considered the great source of the
main river. This lake is about 15 miles long by 20 miles wide, lies at an elevation of 7,778
feet above the sea, and is hemmed in on every side by lofty mountains from whose sn¢w—
covered slopes its chief supply of water must come, since it receives no important streams.
Issuing from the lake at the north end, the stream flows northwestward for 10 or 15 miles,
plunges over the Great Falls of the Yellowstone, and for the next 20 miles runs through the
Grand Canyon, which is.impassable throughout. About 80 miles from the lake it emerges
from the Snow Mountains, and thence runs eastward and northeastward until it joins the
Missouri at Fort Buford, N. Dak. i

As it leaves the mountains the river is about 600 feet wide and 6 feet deep; thencq to
Clark Fork, which enters from the south about 15 miles above Billings, Mont., it is character-
ized by bold, sweeping curves and many islands. Between Clark Fork and the mouth of the
Bighorn it is from 1,500 to 1,800 feet wide, is free from rapids, and has a current of 3 to 4
miles an hour. Between the Bighorn and the Powder the main stream increases in widthe
to from 2,400 to 2,700 feet, and becomes turbid like the Missouri. Below the mouth of the
Powder the banks are low and caving, and the stream contains some rapids and shoals é,nd
numerous densely timbered islands.

The length of the Yellowstone is about 500 miles; the area of the basin is apprommaﬁely
67,500 square miles.

Of the tributaries of the Yellowstone the most important is the Bighorn, which has its
source in the many small streams draining the intersecting slopes of the Wind River and
Shoshone mountains in northwestern Wyoming, about 30 miles southeast of Yellowstone
National Park. For approximately 75 miles it flows southeastward, its volume being con-
stantly augmented by small streams from the south heading well back in the Wind River
Range, but receiving no important additions from the north. In this portion of its course it is
called Wind River; but at its southernmost point it is joined by Little Wind River, turns
abruptly to the northeast, and is below known as the Bighorn. Continuing in a winding
cohrse for about 15 miles, it then turns directly horth, passes through a deep canyon in [the
Owl Creek Range, crosses Bighorn County, Wyo., into Montana, and joins the Yellowstone
about 30 miles north of Fort Custer. The basin is almost surrounded by high mountain

IRR 172—06——7 i
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ranges, including the Shoshone and Owl Creek mountains on the north of Wind River, the
Wind River, Sweetwater, and Granite ranges on the west and south, and to the east a low
range of broken hills which extend to the high plateau forming the divide between the Big-
horn and the Powder and North Platte river basins. The reduced Shoshone Indian Reser-
vation is drained by Wind River, while the Crow Reservation is located near the mouth of
the Bighoia. On the Indian lands several large canals are being constructed and the science
of irrigation is being taught. The soil on the Rocky Mountain slopes is generally a sandy
loam, but in the narrow tributary valleys the soil is deeper and of an alluvial character.

The principal tributaries of the Bighorn are, first, Wind, Little Wind, and Popo Agie
rivers, which combined carry the great perennial discharge and become the head waters;
below the mouth of the Little Wind are Muskrat, Poison, and Badwater creeks, which drain
the sand hills to the east, Muddy Creek, which follows the foothills of the Owl Creek Range,
Gooseberry Creek, Gray Bull Creek, No Wood Creek, and Shoshone and Little Bighorn
rivers.

The Shoshone rises on the eastern slope of the Shoshone Mountains, east of the Yellow-
stone National Park. It has two chief upper branches, North and South forks, which unite
just before entering Shoshone Canyon, at a point about 12 miles southwest of Cody. From
the junction of the forks the course of the main river is a little east of northeast to the Big-
horn. The head-water region is very mountainous, many of the peaks, which are never
entirely free from snow, rising to elevations of nearly 11,000 feet. The valley of North Fork
is very narrow and the area of agricultural land in its lower reaches comprises but a few
hundred acres. The valley of South Fork is perhaps 2 miles wide at its mouth, gradually
narrowing for 10 or 15 miles until it becomes a gulch or canyon. There are 2,000 or 3,000
acres of land under some stage of cultivation. From these two forks the Shoshone receives 99
per cent of all the run-off carried by the stream at any point. The lower basin, on the north
of the river, soon flattens out to a low plain with a gentle slope to the southeast; to the south
there is a small level bench immediately below Cody, which is soon closed in by a broken
headland, spreading out again farther downstream, where another large tract of irrigable
land is to be found. Throughout its length the Shoshone is a rapid stream, the fall being very
great. On the first benches the soil is a sandy loam resting upon gravel. Salt sage and an
extremely light growth of grasses cover the valleys. The site of the Shoshone storage dam,
one of the projects of the Reclamation Service, is in Shoshone Canyon about 6 miles west of
Cody.

Information in regard to this basin is contained in Annual Reports of the United States
Reclamation Service and in the following publications of the United States Geological Sur-
vey (Ann=Annual Report; Bull=Bulletin):

Deseription: Ann 11, ii, pp 36-38; 12, ii, pp 237-238; 20, iv, pp 246-247; 21, iv, p 190; Bull 131, p 26.

Irrigation surveys: Ann 13, iii, pp 63-73.

Rainfall data: Ann 13, iii, pp 67-68.

YELLOWSTONE RIVER NEAR LIVINGSTON, MONT.'

This station was established May 2, 1897. It is located at Carter’s bridge, 5 miles south
of Livingston, Mont., at the mouth of the lower canyon.

The channel is straight for 100 yards above and below the station. The right bank is
low and in flood season a part of the water escapes through a slough on that side, beginning
at gage height 4.65 feet. This water is measured separately at the bridge over the slough
125 yards away. The left bank is high and will not overflow. The current is swift.

Discharge measurements are made from the downstream side of the bridge. At high
water a stay line is necessary to keep the meter submerged. The initial point for soundings
is marked on the guard rail 2 feet east of the center of the northwest pier, which is at the
left bank.

Gage readings are taken once each day by Mrs. W. O. Cowan. A vertical rod was st
installed, but was replaced by a wire gage located on the lower side of the east span. Janu-
ary 1, 1903, the gage datum was lowered 3 feet, increasing all subsequent readings by that
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amount. In April, 1904, the wire gage was replaced by a standard chain gage having the
same datum. The length of the chain is 20.77 feet. The gage is referred to bench marks
as follows: (1) The head of a 2-inch nut on the center pin at the foot of the end diagonal of
the upstream truss of the eagt pier; elevation, 17.60 feet above the new datum. (2) A
white paint mark on the corner of the top of the shoe at the foot of the batter post on the
east end of the upstream side of the bridge; the batter post js marked in white paint ““B.
M. 14.20,” it is also marked in red paint ““17.20;” elovation above the new gage datum,
17.20 feet.
Information in regard to this station Is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS =Water-Supply Paper):
Description: WS 15, p 74; 27, p 69; 37, pp 210-211; 49, p 268; 66, p 22; 84, pp 24-25; 99, p 97; 130, p 117.
Discharge: Ann 20, iv, p 247; WS 15, p 74; 37, p 211; 49, p 268; 66, p 22; 84, p 25; 99, p 98; 130, p 118.
Discharge: monthly; Ann 19, iv, p 289; 20, iv, p 248; 22, iv, p 289; WS 75, p 122; 84, p 26; 99, p 99; 130,
119.
P Discharge, yearly: Ann 20, iv, p 53.
Gage heights: WS 15, p 74; 27, p 73; 37, p 211; 49, p 268; 66, p 22; 84, p 25; 99, p 98; 130, p 118.
Hydrographs: Ann 19, iv, p 289; 20, iv, p 248; 22, iv, p 290; WS 75, p 123.
Rating tables: Ann 19, iv, p 288; WS 27, p 76; 52, p 516; 66, p 170; 84, p 26; 99, p 99; 130, p 119.

Discharge measurements of Y ellowstone River near Livingston, Mont., in 1905.

Date. Hydrographer. Width. :e{:et%ogf. vé]f‘:;ltly, h(gigé%%. ctg};_
Ft. per

Feet. | Sq.ft. sec. Feet. Sec.-ft.
March29._.... L. R. Stockman................ . 160 426 2.56 1.80 1,089
April 29 J. H. Sloan.... 179 567 3.68 2.56 2,082
May 13... 543 3.50 2.50 1,900
June 6.. 1,478 6.93 6.41 | = 10,250
July 3 1,440 6.63 6.20 |© 9,548
August 1 842 5.06 4.12 4,252
August 30. ... 784 3.94 3.05 3,090
September 20 . 510 3.49 2.52 1,884
October 28..... 490 3.13 2.19 1,536
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Daily gage keight, in feet, of Y ellowstone River near Livingsion, Mont., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct: | Nov. | Dec.
) 1.7 1.3 1.9 1.8 2.35 | 5.85 ) 6.2 3.95 | 2.9 2.5 1.95 1.85
2.l 1.7 5.35 | 1.8 1.8 2.5 6.35 | 6.2 3.95| 2.8 2.45 1.95 1.85
IR P 1.7 4.9 s 1.8 2.6 6.8 6.1 3.85 | 2.8 2.45 | 1.95 1.85
4. 1.85 | 4.25 1.85 1.8 2.45 7.15 | 6.0 3.8 2.75| 2.45| 1.95 1.95
[ 1.7 4.1 1.85 1.8 2.35 7.4 5.9 3.85 | 2.75| 2.4 1.95 1.9
6.l 1.7 2.3 1.85 | 1.8 2.25 | 6.4 5.7 3.8 2.7 2.4 1.95 1.95
Tt 1.7 2.0 1.9 1.9 2.35) 6.2 5.7 3.75 ) 2.7 2.35] 2.0 1.9
- SR 1.7 1.8 1.9 2.0 2.5 6.85 1 5.5 3.5 2.7 2.35 | 2.0 1.9
L 1.5 1.7 1.9 2.1 2.8 | 7.25| 5.3 3.5 2.7 2.35 | 2.0 1.7
10, ... 1.6 1.5 1.85 | 2.1 2.8 6.7 5.3 3.5 2.65 | 2.3 2.0 1.6
M. 1.5 1.25 | 1.8 1.9 2.6 6.4 5.25 | 3.5 2.6 2.2 2.0 1.6
120l 1.2 1.25 | 1.8 1.9 2.5 6.6 5.2 3.5 2.6 2.2 1.95 1.7
18 1.2 1.25 | 1.8 1.9 2.5 7.0 5151 3.5 2.6 2.2 1.95 1.7
4. 1.7 1.5 1.9 1.9 2.4 7.2 5.0 3.45| 2.6 2.2 1.9 1.6
15, 1.9 1.6 1.9 1.95 | 2.45| 6.85| 4.9 3.4 2.6 2.2 1.9 1.7
16 ... 1.9 1.6 1.8 1.95 | 2.5 6.4 5.0 3.35 | 2,557 2.25| 1.8 1.7
17 1.8 1.6 1.85 | 1.95 | 2.65| 6.2 4.9 3.3 2.5 2.2 1.8 1.8
18 .. -1.9 1.6 .| L8| 1.95| 3.5 6.2 4.7 3.3 2.5 2.2 1.8 1.8
1.75 | 1.65| 1.9 2.0 3.4 6.0 4.65 | 3.2 2.5 2.1 1.8 1.85
1.9 | 1.75| 1.95} 2.0 | 3.4 | 58 | 46 | 3.15| 25 | 21 | 1.8 1.9
1.9 1.8 1.95 | 2.1 3.4 5.75 1 4.55| 3.1 2.45 | 2.2 1.8 1.7
1.9 1.8 1.8 2.1 3.5 6.5 4.45 | 3.1 2.45 | 2.15 1.8 1.65
1.9 1.7 1.85 | 2.1 3.6 6.2 4.4 3.0 2.35 | 2.15 1.8 1.4
1.9 1.75 1.7 2.2 3.6 6.4 4.3 3.0 2.35 | 2.15') 1.85 1.3
1.9 1.85 | 1.7 2.4 3.6 6.3 4.25 | 3.0 2.4 2.2 2.00 1.4
1.85 | 1.95| 1.7 2.5 3.8 6.5 4.2 3.0 2.4 2.2 1.95 1.65
1.85 | 1.85} 1.7 2,75 | 3.9 6.75 | 4.15| 3.0 2.35 | 2.2 1.9 1.6
A 1.85 | 1.85 | 1.8 2.75| 3.85| 6.85| 4.1 3.0 2.35 | 2.2 1.75 1.5
1.8 [.o..... 1.8 2.5 4.25 ]| 6.5 4.05 | 2.95| 2.35| 2.1 1.45 1.6
1.75 ... 1.85 | 2.45 | 4.55| 6.4 4.0 2.9 2.5 2.1 1.6 1.55
1.5 ... 1.8 j...... 4,95 _...... 3.951 2.9 ... 2.0 Jo..o.-. 1.6

Nore.—Ice conditions February 2-14 Gagoe heights are to the top of the ice.

Station rating table for Y ellowstone River near Livingston, M ént, JSrom January 1 to December

31, 1905.
hgia ¢ | Discharge. hgriag%et. Discharge. h%aé ¢ | Discharge. hgiag S | Discharge.

Feet. | Secft Feet. Sec.ft. Feet. Sec.At. Feet. Sec.-ft.
1.00 500 2.40 1,760 3.80 3,720 5.40 7,120
1.10 560 2.50 1,890 3.90 3,880 5.60 7,680
1.20 630 2.60 2,020 4.00 4,060 5.80 8,280
1.30 700 2.70 2,150 4.10 4,240 6.00 8,900
1.40 770 2.80 2,280 4.20 4,420 6.20 9,540
1.50 850 2.90 2,410 4.30. . 4,600 6.40 10,200
1.60 930 3.00 2,550 4.40 4,800 6.60 10,880
1.70 1,020 3.10 2,690 4.50 5,000 6.80 11,580
1.80 1,110 3.20 2,830 4.60 5,200 7.00 12, 300
1.90 1,200 3.30 2,970 4.70 5,420 7.20 13,060
2.00 1,300 3.40 3,110 4.80 5,640 7.40 13,820
2.10 1,400 3.50 3,250 4.90 5,860
2.20 1,520 3.60 3,400 5.00 6,100
2.30 1,640 3.70 3,560 5.20 6,600

The above table is applicable only for open-channel conditions. It is based on discharge measure~
ments made during 1904-5, and is well defined throughout.
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Estimated monthly discharge of Y ellowstone River near Livingston, Mont., for 1905.

[Drainage area, 3,580 square miles.]

Discharge in second-feet. Run-off.
Totalin

Month. Maximum.| Minimum. | Mean, | 2credeet. Sp?r(:ggtel;ere: ]gggﬁgs‘.n
1,200 630 | 1,054 64,810 0.294 0.339
1,250 700 1,032 30,700 .288 .161
1,250 1,020 1,139 70,040 .318 .367
2,215 1,110 1,396 83,070 .39 .435
. .. 5,980 1, 580 2,752 169, 200 .769 .887
............... .. 13,820 8,130 10,670 634,900 2.98 .332

............... . 9, 540 3,970 6,180 380, 000 1.73 1.99
............ .. 3,970 2,410 3,068 188, 600 .857 .988
September 2,410 1,700 1,975 117,500 .552 .616
October................... e 1,890 1,300 1,572 96, 660 .439 .506
November FU 1,300 930 1,190 70,810 .332 .370
December...... ... ............. 1,250 700 1,025 63,030 .286 .330
Theperiod. ...o.oooovi oo ool 1,969,000 | .oovoiieafoaon PO,

NoTE.—No estimate for ice period.

YELLOWSTONE RIVER NEAR BILLINGS, MONT.

This station was established May 29, 1904. It is located at the county highway bridge
about 2 miles east of Billings and 200 feet below the Northern Pacific Railway bridge. A
river gage is also maintained by the Department of Agriculture at the second highway
bridge above, about 4 miles west of the Geological Survey station.

The channel is straight for 200 feet above and 400 feet below the station. The right bank
is of gravel, slopes gradually back from the channel, and is not subject to overflow. The
left bank is low and sandy, overflowing in extremely high water. The bed of the stream is
composed of gravel and is free from vegetation. There is but one channel at all stages, and
the current is swift. The masonry piers of the railway bridge, 200 feet above, and an island,
400 feet below, have considerable effect on the direction of the current.

Discharge measurements are made from the lower side of the bridge, which has three
spans resting on steel-jacketed concrete piers. The initial point for soundings is on the left
side of the bridge. )

A standard chain gage, which is read twice each day by James E. Dickie, is attached to
the bridge near the middle of the first span from the west bank. The length of the chain is
27.95 feet. The gage is referred to bench marks as follows: (1) The top of the third course
of stone in the left abutment of the Northern Pacific Railway bridge; elevation above the
datum of the gage, 18.99 feet. (2) The top of a nail on the end of the second bent from the
west end of the highway bridge on the downstream end of the bent sill; elevation, 18.21 feet
above the datum of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 120-122.




96 STREAM MEASUREMENTS IN 1905, PART VIIL.

Discharge measur ts of Yellowstone River near Billings, Mont., in 1905.

Date. Hydrographer. Width. ;g;;?ogf vsl[:(giltly. h(gi&é%%. ch]:)xlrsg_e.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
282 1,627 1.45 1.30 2,357
318 1,842 1.95 2.00 3,603
325 2,099 2.48 3.10 5,217
455 4,177 5.43 8.26 22,680
458 4,554 6.25 9.19 28, 450
391 2,618 3.95 4.90 10,340
324 2,240 3.06 3.40 6, 856
September 12. 319 1,771 2.32 2.38 4,107
October 11... .. 287 1,666 1.77 1.83 2,944
October 20..... 318 1,762 2.12 2.10 3,733

Daily gage height, in feet, of Yellowstone River near Billings, Mont., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dee.

1.1 4.1 | 5.0 0.9 2.0 6.2 8.6 4.25 | 2.6 2.3 2.0 2.0
1.1 4.1 4.9 .85 | 2.3 6.75 | 835 4.4 2.6 2.3 2.0 2.0
1.1 4.1) 4.9 .8 2.3 7.2 8.05| 415| 2.6 2.3 2.0 2.0
11 4.1 4.7 .9 2.5 8.4 8.0 4.15 | 2.6 2.2 2.0 2.0
1.1 4.1| 4.55| 1.0 2.5 9.6 8.0 4.15 | 2.5 2.2 2.0 2.0
1.1 41| 405 1.0 2.5 9.4 7.7 | 4.0 2.5 2.1 2.0 2.0
1.1 4.1 3.8 1.1 2.5 8.1 7.3 4.15 | 2.5 2.1 2.0 2.0
1.1 4.1 3.4 1.1 2.5 8.25| 7.15| 3.95) 2.4 2.2 2.0 2.0 .
L1 4.1 2.9 1.5 2.5 9.6 7.0 3.55 | 2.3 2.25 1 2.0 2.0
1.1 4.1 2.6 1.8 3.25 | 9.7 6.7 3.5 2.25 { 2.2 2.0 2.0
4.4 4.1 2.2 1.8 3.25 | 8.7 6.8 3.5 2.2 2.0 1.9 2.0
4.4 4.1 L8 1.8 3.0 8.55 | 6.55 | 3.4 2.2 2.05| 1.9 2.0
4.4 41| 1.8 1.7 3.2 9.7 6.55 | 3.45| 2.2 2.1 1.9 2.0
4.4 41| 1.8 1.5 3.05 ;| 9.8 6.1 3.4 2.2 2.0 1.9 2.0
4.4 4.1| 1.8 L5 2.8 9.6 6.0 3.25 | 2.2 2.0 1.9 2.0
4.4 4.5 1.8 1.5 2.5 8.8 6.15 | 3.15| 2.2 2.0 1.9 2.0
4.1 5.0 1.8 1.6 2.1 8.55 | 6.25 | 3.1 2.2 2,05 1.8 1.9
4.1 53, L8 1.7 2.0 8.25; 5.65 ( 3.1 .2 2.2 1.8 1.9
4.1 55| 1.8 1.8 3.7 7.65 | 5.3 3.2 2.2 2.2 1.8 1.9
4.1 55| 1.6 1.8 4.1 7.1 5.35| 3.0 2.2 2.2 1.8 1.8
4.1 5.5| 1.6 1.8 2,75 7.1 5.5 2.85 | 2.2 2.1 19 1.8
4.1 55| 1.45| 1.85| 2.6 7.4 5.6 2.7 2.0 2.0 1.9 1.6
4.1 5.5 1.4 19 3.45| 815 5.5 2.7 2.0 2.0 L9 1.6
4.1 55| 1.4 1.95 | 4.2 8.5 4.6 2.65 | 2.0 2.0 1.9 1.5
4.1 55| 1.4 1.8 4.05 | 8.4 4.5 2.7 2.0 2.0 L9 1.5
4.1 55| 1.4 1.8 3.8 8.4 4.5 2.7 2.0 2.0 1.9 1.45
4.1 5.5 | 1.4 2.0 3.95| 8.9 4.45 | 2.6 2.0 2.0 1.9 1.4
4.1 55| 1.3 2.2 4.2 9.4 4.45 | 2.6 2.0 2.0 2.0 1.3
4.1 1.2 2.5 4.1 8.85 | 4.25| 2.6 2.25 | 2.0 2.0 1.3
4.1 |. 1.0 2.25 | 4.6 8.65 | 4.25 | 2.65 | 2.4 2.0 2.0 1.3
4.1 L0 |....... 5.5 |....... 4.2 2.7 |oeeeel. 2.0 |....... 1.3

Note.—Ice conditions January 1 to March 11; readings to the top of the ice. January 11 to February
22 the river was gorged below the station; thickness of ice increased from 0.2 foot to 1.8 feet. River
frozen November 29 to December 31.
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Station rating table for Y ellowstone River near Billings, Mont., from January 1 to December

31, 1905.
h(jizlgl%. Discharge. hgigﬁ. Discharge. ligi:g i. Discharge. hg' (; Discharge.

Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
1.00 1,800 2.70 4,860 4.40 8,790 7.20 18,470
1.10 T 1,940 2.80 5,085 4.50 9,050 7.40 19,340
1.20 2,085 2.90 5,310 4.60 9,320 7.60 20,250
1.30 2,235 3.00 5,535 4.70 9, 600 7.80 21, 200
1.40 2,390 3.10 5,760 4.80 9,890 8.00 22,190
1.50 2, 550 3.20 5,985 4.90 10,190 8.20 23,190
1.60 2,715 3.30 6,210 5.00 10,500 8.40 24,190
1.70 2,885 3.40 6,435 5.20 11,140 .  8.60 25,190
1.80 3,060 3.50 6, 660 5.40 11,810 8.80 26, 200
1.90 3,240 3.60 6, 885 5.60 12,490 9.00 27,260
2.00 3,425 3.70 7,110 5.80 13,190 9.20 28,360
2.10 3,615 3.80 7,335 6.00 13,890 9.40 29,490
2.20 - 3,810 3.90 7,565 6.20 14,590 9.60 30, 660
2.30 4,010 4.00 7,800 6.40 15,300 9.80 31,860
2.40 4,215 4.10 8,040 6.60 16, 050 10.00 33,060
2.50 4,425 4.20 8,285 6.80 16,840
2.60 " 4,640 4.30 8,535 7.00 17,640

The above table is applicable only for ogfn—channel conditions. It is based on 14 discha,xge measure-
ments made during 1904-5. It is fairly well defined between gage heights 1 foot and 5 feet, being based
on two flood measurements above 5 feet.

Estimated monthly discharge of Y ellowstone River near Billings, Mont., for 1905.

[Drainage area, 11,180 square miles.]

Discharge in second-feet. Run-off.
Totalin
Month. Second-feet :
Maximum. | Minimum. | Mean. | *°Fe-feet. | horinare D_epltihm
mile. inches.
March12-31. . ooiienaeanananen, 3,060 1,800 | 2,612 | - 103,600 0.234 0.174
April. .. oo, 4,425 1,535 2,747 163, 500 .246 274
MY -« o eoee e 12,150 3,425 5,943 365, 400 .532 .613
June. ...l . 31, 860 14, 590 24,700 | 1,470,000 2.21 2.47
July. el 25,190 8,285 14,740 906, 300 1.32 1.52
Auvgust. ...l 8,790 4,640 6,218 382, 300 .556 641
September...._ ... ... ... 4,640 3,425 3,933 234, 000 .352 .393
October........ocemiiiaaaion 4,010 3,425 3,615 222, 300 .323 372
November 1-28_................. 3,425 3,060 3,290 182, 700 .294 .306
TR T s N I IR A 4,080,000 {-ooeeai|oaeanns .

Note.—No estimate for ice period.
YELLOWSTONE RIVER AT GLENDIVE, MONT.

This station, established in 1893 by the United States War Department, was transferred
to the Department of Agriculture, which has kept daily records of river height. When a
study of the lower Yellowstone Valley was begun in 1903, this station was taken up by the
United States Geological Survey, whose records begin August 1, 1903. The station is
located at the steel highway bridge leading northward from Glendive, about one-fourth
mile from the post-office.
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The channel is straight for about 500 feet above and below the bridge. The right bank
is composed of clay and gravel, is high, and is riprapped for some distance above and below
_the bridge; the left bank is low and bordered by sandy flats, covered with trees and brush,
extending to the hills, 1 mile distant; these flats are liable to be submerged at high water.
The bed of the stream is of clay and sand and shifts at every flood. At low water an island
becomes visible between the third and fourth spans from the right, and at flood stages water
finds its way through a slough traversing the flats on the left. The water at high stages is
very deep and swift. Old piling and cribwork, remains of a former bridge, obstruct the
channel on the upstream side.

Discharge measurements are made from the downstream hand rail of the bridge, which
spans the channel in four spans of 300 feet each. The initial point for soundings is over the
southeast pier at the right bank.

During 1905 the gage was read daily until August 31 by H. A. Sample; after that date the
daily observations were taken by the local office of the United States Reclamation Service.
The original United States Geological Survey gage was of the wire type, fastened to the
upstream hand rail of the first span, about 200 feet from the right bank, the scale gradua-
tions being marked on the hand rail. This gage was destroyed October 24, 1904, and one
month later a standard chain having the same datum was put in its place. The length of
the chain is 39.48 feet. The gage is referred to bench marks as follows: (1) A point on the
surface of the cement at the northwest corner of the girder on the pier under station ““0;”
elevation, 26.26 feet above gage datum and 2,060.6 feet above sea level. (2) The top of the
west rail of the Northern Pacific Railway track at the right end of the bridge; elevation,
30.19 feet above gage datum. The elevation of the bench marks above sea level was deter-
mined from the Northern Pacific elevation of the datum rail at Terry, Mont.; this is 2,242
feet above sea level. The gage readings from 1897 until the establishment of the United
States Geological Survey wire gage were referred to a “T’” on the top of the southeast
anchor bolt in the southeast caisson at the east end of the bridge; its elevation was 25.08
feet above gage datum. The old gage was carried away by ice April 8, 1899, and gage
heights during the remainder of that year were determined by measuring down to the water
surface from thisbench mark. A new bridge was erected in 1901, and it is not known whether
this old bench mark was disturbed or not.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, pp 91-92; 130, pp 123-124.

Discharge: 99, p 92; 130, p 124,
Discharge, monthly: 130, p 126.

Gage heights, 99, pp 93-97; 130, pp 124-125.
Rating table: 130, p 25 .

Discharge measurements of Y ellowstone River at Qlendive, Mond., in 1905.

Date. Hydrographer. Width. ;&ecnfé;éizogf. vg:;’é‘y‘ h(e}iag :. chgirig_e.
Ft. per

Feet. | 8q.ft. sec. Feet, | Sec.ft.
March 28....... L.R.Stockman... ................ 705 2,038 2.19 0.73 4,471
April25... ... JH.Sloan. .. ...................... 735 2,413 2.31 1.10 5,565
May 9 ..oooooiilaann do...oiiiil. e eeaea 742 3,099 2.50 2.18 7,746
June4.........|..... do. .l 772 6,285 5.26 6.34 33,090
July 1 ..o .. [ 1,010 7,973 6.58 8.09 52,450
July 26 ........f..... [ L 763 4,697 3.64 4.53 17,100
August 22.....]..... 5 746 3,270 2.69 2.42 8,788
September 15....... 5 " 740 2,368 2.29 1.30 5,433
October13.....J..... do.eoeeino..! e, 746 2,382 2.13 111 5,079
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Daily gage height, in feet, of Y ellowstone River at Glendive, Mont., for 1905.
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Day. Jan. | Feb. | Mar.| Apr. | May. [June. { July. | Aug. | Sept. | Oct. | Nov.| Dec.
|

Lo 44 D275 61| 07| 11| 46| 83| 48| 18| 21! L4] 20
2 4.4 2.85 6.1 .6 1.4 5.7 7.9 5.4 1.8 2.2 1.4 1.6
| S, .45 2.85 6.3 .6 1.4 5.8 8.1 4.6 1.8 1.8 1.2 1.3
4.5 2.85 6.4 .6 1.1 6.3 8.3 4.4 1.9 1.4 1.2 1.4

4.6 2.85 7.5 .5 1.2 7.0 7.7 4.3 1.9 2.3 1.2 1.4

4.6 2.85 6.7 .5 1.3 8.2 7.2 3.9 1.8 1.8 1.2 1.5

4.5 2.85 6.3 .5 1.9 9.2 7.1 3.7 1.8 1.6 1.2 1.7

4.5 2.85 5.9 .5 2.4 9.4 6.7 3.5 1.8 1.4 1.3 3.2

4.6 2.85 5.3 .5 2.4 8.3 '6.6 3.3 1.8 1.3 1.3 3.8

4.6 2.85 5.2 4 2.2 8.8 6.4 3.1 1.7 1.2 1.3 . 4.0

4.1 2.85 5.0 4 2.2 9.3 6.2 3.1 1.7 1.2 1.2 4.0

3.6 2.85 5.0 .4 2.4 9.3 6.0 3.0 1.6 1.15) 1.2 3.8

3.3 2.95 4.9 4 2.8 8.8 5.9 3.0 1.5 1.15| 1.2 3.6

3.1 3.25 4.8 .9 2.9 8.1 5.9 3.0 1.4 1.2 1.2 3.4

3.0 3.85 4.5 .9 2.6 8.2 5.9 3.0 1.3 1.2 1.2 3.0

2.85| 3.5 4.1 .8 2.3 8.6 5.8 3.0 1.3 1.2 1.2 2.9

2,75 | 3.3 3.7 .8 2.2 8.5 5.7 3.0 1.2 1.3 1.1 2.9

2.7 | 3.0 3.6 .8 2.0 8.2 6.0 2.9 1.3 1.3 1.1 2.8

2.75 | 2.9 1.5 .9 1.8 7.8 5.4 2.8| 12 1.4 1.1 2.7

2.7 2.9 111 .9 1.8 7.8 5.2 2.7 1.1 1.4 1.1 2.7

2.75 1 2.9 1.1 .9 1.9 7.8 5.0 2.7 1.0 1.4 1.1 2.7

2.75 ] 3.3 1.0 .9 3.3 7.0 4.9 2.7 1.0 1.4 1.1 2.7

2.75 1 3.4 1.0 .9 3.3 7.0 4.4 2.5 1.0 1.4 1.1 2.6

2.75 | 3.4 1.0 .8 3.3 6.9 4.3 2.3 1.0 1.4 1.1 2.5

2.75 1 4.1 .9 1.1 3.6 7.8 4.3 2.1 .9 1.4 1.1 2.4

2.75 | 4.5 .9 1.1 4.1 8.0 4.5 2.0 .9 1.4 1.1 2.1

2.75 | 6.9 .8 .9 4.5 717 4.4 1.9 .8 1.4 1.2 2.0

2.75 | 6.1 .7 .8 4.4 7.7 5.2 1.9 .8 1.4 1.3 1.9

2.75 .. ... 7 .9 4.2 7.9 5.2 1.8 .7 1.4 3.2 1.5

2.75 ..., 7 1.0 4.3 8.1 5.4 1.8 1.4 2.5 1.5

2.75 |....... I PO 4.3 |....... 4.7 1.8 1.5 |....... 1.5

Note.—Ice conditions January 1 to March 19; also November 29 to December 31,

the top of the ice.

Readings are to
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Station rating table for Y ellowstone River at Glendive, Mont., from January 1 to December 31,
1905.

hgi?;%%. Discharge. hgiag | Discharge. h(giaé%&. Discharge. h(é}i’;%%. Discharge.
Feet. Sec. ft. Feet. Sec. ft. Feet. Sec. ft. Feet. Sec. ft.
.40 3,750 2.00 7,300 3.60 12,900 6.40 32, 000
.50 3,930 2.10 7,580 3.70 13,350 6.60 ’ 34,000
.60 4,120 2.20 7,860 3.80 13,800 6.80 36, 000
.70 4,310 2.30 8,160 3.90 14,300 7.00 38, 000
.80 4,500 2.40 8,460 4.00 14, 800 7.20 40,200
.90 4,700 2.50 8,780 4.20 15,800 7.40 42,400
1.00 4,900 2.60 9,100 4.40 16, 900 7.60 44,700
1.10 5,100 2.70 | 9,450 4.60 18,000 7.80 47,100
1.20 5,300 2.80 9,800 4.80 19,200 8.00 49,500
1.30 5,530 2.90 10,150 5.00 20,400 8.20 52,000
1.40 5,760 3.00 10,500 5.20 21,750 8.40 54, 600
1.50 5,990 3.10 10,850 5.40 23,200 8.60 57,200
1.60 6,240 3.20 11,250 5.60 24,750 8.80 59,800
1.70 6,490 3.30 11,650 5.80 26,400 9.00 62,400
1.80 6,740 . 3.40 12,050 6.00 28,200
1.90 7,020 3.50 12,450 6.20 30,050

The above table is applicable only for open-channel conditions. It is based on discharge measure-
ments made during 1904-5, and is fairly well defined throughout.

Estimated monthly discharge of Y ellowstone River at Glendive, Mont., for 1905.

[Drainage area, 66,090 square miles.]

Discharge in second-feet. Run-off.
Total in
Month. " Second-feet ;

Maximum.| Minimum. | Mean. | 8cre-feet. | oo nsibﬂg.are Digle)gg;n
5,100 4,310 4,670 111,200 0.071L 0.032
5,100 3,750 4,374 260, 300 . 066 .074
17,450 5,100 9,663 594, 200 . 146 .168
67,800 18,000 47,970 | 2,854,000 726 .810
JULY « el 53,300 16,350 29,240 | 1;798,000 442 .510
August.. ...l 23,200 6,740 11,110 683,100 .168 .194
September1-29.................. 7,020 4,310 5,751 330, 800 .087 .094
October. . ....covneimaiiiaan. 8,160 5,200 5,917 363, 800 .090 .104
November1-28.................. 5,760 5,100 5,294 294, 000 .080 .083
"Theperiod... ... ... oo ]oeiiiiii e, 7,289,000 |......ooooiifiiiiiiia,

NoTE.—No estimate for ice period.
CLARK FORK AT FROMBERG, MONT.
&

Clark Fork enters Yellowstone River from the south, about 15 miles southwest of Bill-
ings, Mont. ‘

The gaging station was established June 3, 1905. It is located on the highway bridge
one-half mile east of the Northern Pacific Railway station at Fromberg, Mont. One small
stream, Rock Creek, flows into the river between the gaging station and its mouth.

The channel is slightly curved for 100 yards above and 300 yards below the station. The
right bank is high, is covered with brush and willows, and does not overflow. The left bank
is low, is sparsely wooded, and overflows during extremely high water. The bed of the
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stream is composed of rock and gravel and is free from vegetation and permanent. There
is but one channel and the water flows uniformly with a good velocity.

Discharge measurements are made from the downstream side of the bridge to which the
gage is attached. The initial point for soundings is directly over the center of the pier on
the right bank.

The gage, which is read twice daily by Mrs. J. S. Tuggle, was first & temporary rod spiked
to the upstream side of the central pier of the bridge. This was replaced July 25; 1905, by
a standard chain gage fastened to the upstream side of the bridge not far from the center of
the-stream. The length of the chain is 15.24 feet. The gage is referred to bench marks as
follows: (1) The top of the west end of the cap on the piling on the west bent of the hridge,
upstream side; elevation, 13.36 feet above gage zero. (2) The top of a 10-penny nail
driven into the base of a large cottonwood tree 120 feet southwest of the west end of the
bridge; elevation, 13.06 feet above the zero of the gage.

Discharge measuremenis of Clark Fork at Fromberg, Mont., in 1905.

Date. Hydrographer. Width. ?e::‘?;?ogt. vgf‘:f?i'!cly; hgisé%%. clglrsg:e.
Ft. per
Feet. | 8q.ft. sec. Feet: Sec.ft.
209 845 4.87 6.42 4,118
210 970 5.91 7.25 5,730
185 518 3.00 4.95 1,657
135 370 1.98 3.98 734

September 16...|..... A0 122 309 1.34 3.53 416
October 17.....|..... [« 7« TR e 122 289 1.30 3.47 372




102

STREAM MEASUREMENTS IN 1935, PART VIII

Daily gage height, in feet, of Clark Fork at Fromberg, Mont., for 1905.

Day. June. | July. | Aug. | Sept. { Oct. | Nov. | Dec.
6.6 472 | 3.82| 3.5 3.5 3.5

6.55| 4.68| 3.75] 3.5 3.5 3.5

6.28| 4.95| 3.72| 3.5 3.5 3.5

6.95 | 6.2 5.1 3.68| 3.45| 3.58 3.5
7950 6.15| 4.8 3.65! 3.45( 3.6 3.5
6.55 | 5.9 1.6 3.6 3.4 3.55 3.5
6.05| 5.95| 4.5 3.6 | 3.4 3.55 3.5
6.25 | 6.0 4.5 3.55 | 3.4 3.55 3.5
7.45| 6.0 438 3.55| 3.4 3.5 3.5
7.1 6.0 428 | 3.55| 3.4 3.5 3.5
6.35] 6.02] 4.35| 3.55| 3.35| 3.5 3.5
6.5 5.9 4.3 3.551 3.35| 3.5 3.5
795 5.9 | 43| 355 3.45| 35 3.5
7.3 582 | 4.22| 3.55| 3.6 3.5 3.5
7.0 5.8 4.18| 3.5 3.5 3.5 3.45
6.55) 5.75| 4.12| 3.5 3.45| 3.5 3.45
6.3 5.55| 4.08| 3.5 3.45]| 3.5 3.45
6.15| 5.2 4.0 3.47| 3.42| 3.5 3.45
5.55| 5.2 3.9 3.45| 3.4 3.5 3.45
5.4 5.0 3.85| 3.45| 3.42 3.5 3.45
5.7 5.0 3.8 3.45| 3.48| 3.5 3.45
6.4 4.9 3.8 3.4 3.5 3.5 3.45
6.4 5.05| 3.8 3.4 3.53 | 3.5 3.42
6.4 5.0 3.75| 3.37| 3.55| 3.5 3.4,
6.4 5.0 3.75| 3.35| 3.55| 3.5 3.4
6.58 | 4.88) 3.7 3.35| 3.5 3.5 3.4
7.0 5.0 3.85| 3.3, 3.5 3.8 3.4
7.25| 4.8 | 3.8 | 3.35| 3.5 3.8 3.4
6.9 4.78 | 3.9 3.45| 3.5 3.8 3.4
6.7 4.78 | 3.88| 3.75| 3.5 3.8 3.4
........ 4.72| 3.8 j........| 3.5 l.......| 34

NoteE.—November 27-30, rise caused by ice.
to the water surface in a hole in the ice.

River frozen November 27 to December 31; readings are

Station rating table for Clark Fork at Fromberg, Mont., from June 8 to December 31, 19065.

h(giz%ﬁ;. Discharge. hgiz%let. Discharge. hg’%%%_ Discharge. hgi;%%. Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft.
3.40 346 4.30 999 5.20 1,973 6.20 3,475
3.50 400 4.40 1,094 5.30 2,102 6.40 3,850
3.60 458 4.50 1,192 5.40 2,236 6.60 4,260
3.70 520 4.60 1,293 5.50 2,875 6.80 4,690
3.80 587 4.70 1,397 5.60 2,519 7.00 5,140
3.90 660 4.80 1,504 5.70 2,667 7.20 5,600
4.00 738 4.90 1,615 5.80 2,819 7.40 6,080
4.10 821 5.00 1,730 5.90 2,975
4.20 908 5.10 1,849 6.00 3,135

The above table is applicable only for open-channel conditions.

urements made during 1905 and is well defined between gage heights 3.5 feet and 7.2 feet.

It is based on six discharge meas-



YELLOWSTONE RIVER DRAINAGE BASIN. 103

Estimated monthly discharge of Clark Fork at Frombery, Mont., for 1905.

isch: i -feet.

Month Discharge in second-fe Total in

Maximum. | Minimam, | Mean. | 2¢re-feet.
6,200 2,<236 4,204 238,500
4,260 1,418 2,511 154, 400
1,849 520 924 56, 820
602 321 421 25,050
. 458 321 381 | 23,430
November 1-26 .. ... .. ittt 458 400 407 20, 990
The Period . «oun.nee e e e 519,200

NortEe.—No estimate for ice period. Y
PRYOR CREEK AT HUNTLEY, MONT.

Pryor Creek rises in the Pryor Mountains, in southeastern Carbon County, Mont., flows
northeastward, and enters Yellowstone River from the south about 15 miles northeast of
Billings.

The station was established August 6, 1904. It is located at Huntley, the junction of the
Northern Pacific and Burlington railroads, 13 miles from Billings, Mont.

No regular station for discharge measurements has yet been established; but low-water
measurements have been made by wading above the gage and high-water meastirements
have been made from the Northern Pacific Railway bridge, 1} miles below. '

The gage, which is read twice each day by J. W. Day, consists of a rod placed vertically
at the right bank about 200 feet south of the Northern Pacific Railway station. The gage is
referred to bench marks as follows: (1) The top of the rail of the Northern Pacific Railway
track in front of the operator’s window; elevation, 14.52 feet. (2) A nail in a pile at the
foot of a large tree on the east side of the creek, opposite the station agent’s house and the
post-office; elevation, 11.46 feet. (3) A spike driven in a large tree 100 feet southwest of the
water-tank, 150 feet north of the section house, and 40 feet east of the track; elevation,
12.79 feet. Elevations are above the zero of the gage, which is 3,014.48 feet above sea
level.

A description of this station, with gage height and discharge data, is contained in Water—
Supply Paper No. 130 of the United States Geological Survey, pages 126-127.

Discharge measurements of Pryor Creek at Huntley, Mont., in 1905.

Date. Hydrographer. Width. féz?;?ogi. v«f]%?i’t"y. h(e}i%g%(’t. ch]zirsg-e.
Ft. per

Feet. | 8q.ft. sec. Feet. Sec.-ft.
April17....... 20 1.25 1.45 26
May12........ 25 2.35 1.96 59
Juneb......... 271 7.31 14.93 1,982
June 26........ 26 2.66 2.20 68
July 2. ....... 148 6.34 10.52 936
August15..... 16 1.21 1.20 13
September 14 .. 10 1.19 1.18 12
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Daily gage height, in feet, of Pryor Creck at Hundley, Mond., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
) 1.6 3.05 | 4.8 1.7 1.55 | 2.3 7.95 | 1.3 1.2 2.35| L.75 2.3
2 1.65 | 3.25 | 4.4 1.7 1.75 | 2.45| 8.1 1.7 1.2 1.8 1.75 2.3
S 1.55 | 3.3 3.95| 1.8 1.8 2.4 5.4 1.4 1.2 1.65| 1.8 2.3
Z S, 1.7 3.4 3.75| 1.65] 2.15] 2.3 3.4 1.3 1.25| 1.6 1.9 2.3
[ S 1.75 | 3.4 3.55 | 1.55| 3.451 12.7 2.7 1.3 1.2 1.65 | 1.8 2.3
6.l 1.65 | 3.4 3.3 1.65 | 2.1 5.25 | 1.85¢ 1.3 1.3 1.55 1.7 2.3
Tt 1.8 3.45| 3.06| 1.7 1.65 | 3.25| 1.76| 1.3 1.25 | 1.5 1.7 2.3
S 1.95| 3.55| 2.65| 1.6 1.55 | 6.3 1.7 1.3 1.2 1.45 | 1.7 2.3
9 2.1 3.6 2.2 1.75| 2.25| 8.55| 1.7 .28 L2 1.4 L7 2.3
100ccieieiiiaans 2.15| 3.6 2.0 1.85 | 4.8 8.1 1.6 1.25 ) 1.2 1.65 | 1.7 2.3
b § 2.0 3.6 1.9 2.0 3.6 3.8 1.5 1.2 1.3 1.7 1.65 2.3
120 oot 2.15| 3.6 1.8 2,05 1.95 3.5 1.6 1.2 1.25 | 1.6 1.7 2.3
b 2,25 3.6 195 2.2 1.8 3.6 1.65 | 1.2 1.25 ] 1.65| 1.7 2.3
) L O 2.2 3.6 1.85 1 2.1 1.75) 3.55 | 1.7 1.2 1.3 1.85| 1.6 2.3
15 e 2,35 | 3.6 1.7 2,05 1.75| 3.45| 1.65 | 1.2 1,25 2.1 1.6 2.3
16, i 2.3 3.7 1.85 | 2.05| 1.7 3.5 1.55 | 1.2 1.2 1.8 1.65 2.3
| VA 2.4 3.8 2.0 1.9 1.65 | 3.65 | 1.5 1.25 | 1.2 1.65 | 1.65 2.35
|1 2.2 3.95 1.9 1.85 1.85| 3.8 1.4 1.2 1.2 1.6 1.7 2.4
19 i 2.15( 4.15¢ 1.8 1.8 2,05 3.65| 1.4 1.2 1.3 1.6 1.65 2.4
. 2.25 | 4.2 1.65 | 1.55| 2.3 3.25| 1.3 1.2 1.3 1.6 1.6 2.4
b2 D 2.25 | 4.4 1.6 1.45 2.0 3.05 | 1.3 1.2 .25 1.6 1.6 2.4
22, i 2.3 4.5 1.7 1.4 1.9 2.8 1.3 1.2 1.2 1.95| L7 2.4
b F 2.4 4.6 1.75 1 1.4 2.4 2.75 ) 1.35| 1.2 1.2 1.8 1.6 2.4
b S, . 2.4 4.75( 1.6 1.5 4,05 3.051 1.35| 1.2 1.3 175 1.7 2.4
25, e 2.5 5.1 1.6 1.45( 2.9 3.2 1.25 | 1.2 1.3 1.95| 1.7 2.4
P 2.5 5.2 1.7 1.4 2.45 | 3.05| 1.3 1.2 1.25 ] 2.1 1.7 2.4
b S . 2.5 5.3 1.6 1.5 2.4 3.2 L25] L15| 1.2 2.15| L9 2.4
28 i 2.5 5.15| 1.6 1.45 | 2.3 3.3 1.2 1.2 .25 2.3 2.05 2.4
1 2,65 ... 1.65 | 1.4 2.4 3.3 1.35| 1.08{ 1.3 2.4 2.1 2.4
30 i 2.85 |....... 1.7 1.5 2,451 3.3 1.3 .15 2.0 1.8 2.2 2.4
7 N 2.9 |. .o 165 ... 2,55 |....... 1.3 L2 ..., 1.8 |oee.o.. 2.5

Note.—River frozen and readings to the top of the ice from January 8 to February 14 inclusive and
from Noveraber 28 to December 31 inclusive; water flowing over the top of the ice February 15 to March

8 inclusive,
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Station rating table for Pryor Creek at Huntley, Mont., from August 7, 190}, to December 31,
1905.

hgiﬁ?;. Discharge. hgizgh%. Discharge. hgiag € | Discharge. hg’%%&_ Discharge.
Feet. Sec.-ft. Feet. Sec.ft. Feet. Secft. Feet. Sec.-ft.
1.00 6 2.60 96 4.10 203 6.20 388
1.10 9 2.70 102 4.20 211 6.40 408
1.20 13 2.80 109 4.30 ‘219 6.60 428
1.30 18 2.90 115 4.40 227 6.80 448
1.40 23 3.00 122 4.50 235 7.00 470
1.50 28 3.10 128 4.60 243 7.20 492
1.60 33 3.20 135 4.70 251 7.40 514
1.70 39 3.30 142 4.80 259 7.60 536
1.80 45 3.40 149 4 90 268 7.80 558
1.90 51 3.50 156 5.00 277 8.00 582
2.00 57 3.60 163 5.20 295 8.20 606
2.10 63 3.70 171 5.40 313 8.40 631
2.20 70 . 3.8 179 5.60 331 8.60 657
2.30 76 3.90 187 5.80 349 8.80 683
2.40 83 4.00 195 6.00 368 9.00 710
2.50 89

The above table is applicable only for open-channel conditions. 1t isbased on nine discharge measure-
nents made during 1904-5  and is well defined between gage heights 1 foot and 2 feet. The table has
Ieen extended beyond these limits, being based on two flood measurements, one at 10.52 feet and one at
*4.93 feet.

Estimated monthly discharge of Pryor Creek at Huniley, Mont., for 190}~5.

[Drainage area, 800 square miles.]

Discharge in second-feet. Run-off.
Total in
Month. Second-feet
. Maximum. | Minimum. | Mean. | cTe-feet. | 5osquare | Depthin
mile. inches.
1904.
August 7-31 A 16 6 8.9 441 0.011 0.010
September...................... 18 13 16.1 958 - .020 022
October......... ...oo..... ... 33 16 24.7 1,519 .031 .036
November....................... 54 18 30.8 1,833 .038 042
December. . ....ocoaeanaan. 51 25 34.1 2,097 .043 .050
Theperiod. ... ... oo e 6,848 |.oeiieiiiae il
January 1-7 . 45 30 37.3 516 047 .012
March9-3l.... .. .............. 70 33 43.8 1,975 054 . 046
70 23 39.4 2,344 049 .055
. 259 30 77.8 4,784 . .097 112
June. ..ol 1,370 76 222 13,210 .278 .310
78.2 4,808 .098 .13
15.2 935 .019 .022
16.6 988 .021 .023
4.4 2,730 .056 .065
39.0 2,089 .049 049
.......... 34,380 foeeoiiiiiei)ieiias

NoTE.—No estimate for ice period.
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BIGHORN RIVER¢ AT THERMOPOLIS, WYO.

This station was established May 28, 1900. It was at first located near the hot springs
on the ‘‘Mile Square, State Reservation,”” about half a mile northeast of Thermopolis, in T.
43 N., Rs. 94 and 95 W.; but in 1901 it was transferred to the new iron bridge 400 or 500
feet upstream from the former location.

The channel is straight for some distance above and below the station. The banks are
high and do not overflow. The bed of the stream is composed of rock and gravel and is
fairly permanent. At ordinary stages all of the water flows beneath the bridge proper,
but at flood stages it rises under the approaches at each side. There are no obstructions in
the channel above the station.

Discharge measurements are made from the bridge, which is a two-span truss structure,
each span 125 feet long, with approaches on each side 15 feet long. Sounding points are
marked at 10-foot intervals by brass-headed nails driven into the railing on the down-
stream side, beginning at the center pier, which is the initial point, and running toward
either bank.

The gage is observed by William M. Neece, superintendent of the State reserve, who lives
within 100 yards of the station. The gage used in 1900 was a horizontal rod extending out
over the water and fastened to posts firmly set in the ground, with the usual wire and weight
attachment. In 1901 a new gage, with relative heights the same as those in use in 1900,
was painted on the lower center-pier of the recently constructed iron bridge, 400 or 500 feet
above the old gage. In March, 1903, another gage, serving as a bench mark and for the
observer’s use at times of high water, was painted on the lower pier of the bridge on the
right bank of the river. This gage, which is not reached by the water until it stands 3 feet
above datum, enables the observer to read heights of high water more accurately than they
can be read on the regular gage, which is in the center of the stream and exposed to the
force of the current, causing a rise and fall of several inches on the gage. In March, 1904,
the regular gage was replaced by a new one, consisting of a vertical staff firmly fastened by
iron bands to the pier on which the former gage was painted.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann = Annual Report; WS =Water-Supply Paper):

Description: WS 387, p 211; 49, p 269; 66, p 23; 84, pp 23-24; 99, p 89; 130, pp 127-128. '

Discharge: WS 37, p 211; 49, p 269; 84, p 24; 99, p 90; 130, p 128.

Discharge, monthly: Ann 22,iv, p 201; WS 75, p 123; 99, p 91; 130, p 130.

Gage heights: WS 49, p 269; 66, p 23; 84, p 24; 99, p 90; 130, p 129,

Hydrograph: Ann 22, iv, p 291.

Rating tables: WS 52, p 516; 66, p 170; 99, p 91; 130, p 130.

Discharge measurements of Bighorn River at Thermopolis, Wyo., in 1905.

Date. Hydrographer. width.| o080 | ooty | noight. | chatge.
Ft. per

Sq. ft. sec. Feet. Secft.
March9....... 326 1.67 0.85 545
July 10 910 5.02 3.45 4,567
July 11 938 5.15 3.60 4,827
July 12 960 5.25 3.70 5,042
July18........ . D. 862 4.72 3.30 |~ 4,065
July 23........ 787 4.54 3.00 3,572
Augustl.._.... . R 687 4.12 2.60 2,830
August4...... 585 3.83 2.30 2,240
August 18..... 510 3.30 1.90 1,683
September 9... 476 3.05 1.50 , 1,454
September 20.. 401 2.27 1.20 910
October 12..... 339 2.25 1.00 761

@ A description oz tais river isincluded in the general description of the Yellowstone River basin, p. 91.
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Daily gage height, in feet, of Bighorn River af Thermopolis, Wyo., for 1905..

107

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec
MR 0.3 1.1 3.9 4.85 2.65 1.6 1.35 0.8 0.3
.3 1.1 4.65 4.75 2.55 1.55 1.5 0.8 0.3
.5 1.2 4.35 4.55 2.5 2.0 1.4 0.8 0.3
:3 1.2 4.6 4.65 2.35 1.95 1.3 0.7 0.2
.3 1.3 5.75 4.55 2.2 1.8 1.25 0.9 0.25
.3 1.4 6.2 4.35 2.45 1.9 1.35 0.8 0.4
2 1.45 6.1 4.05 2.45 1.85 1.25 0.95 0.35
.3 1.5 6.15 3.75 2.4 1.75 1.2 0.85 0.3
4 1.4 4.5 3.6 2.25 1.55 1.1 0.85 0.2
.55 1.3 5.5 3.55 2.2 1.5 1.1 0.9 0.4
.75 1.2 4.8 3.4 2.75 1.4 1.0 0.95 0.4
.8 1.2 3.85 3.35 2.3 1.4 1.0 0.9 0.4
.65 1.25 4.15 3.5 2.3 1.45 1.1 0.8 0.5
.6 1.3 4.45 3.65 2.25 1.3 1.1 0.8 0.45
.8 1.1 4.8 3.6 2.1 1.3 1.2 0.7 0.4
.85 1.05 4.55 3.52 2.0 1.25 1.15 0.7 0.3
W7 - 1.2 4.3 3.7 2.0 1.2 1.3 0.75 0.3
7 1.05 4.45 3.6 1.95 1.25 1.2 0.75 0.3
.8 1.05 4.6 3.25 1.9 1.2 1.1 0.9 0.2
.8 1.1 4.5 2.95 1.8 1.15 1.0 0.8 0.2
.8 1.25 4.6 2.95 1.8 1.2 0.95 0.85 .2
.9 1.4 4.45 3.15 1.7 1.15 0.9 0.9 0.3
.95 1.9 4.25 3.05 1.7 1.1 0.9 0.85 0.25
.8 2.05 3.95 2.9 1.7 1.1 0.9 0.8 0.2
.85 1.85 3.9 2.85 1.8 1.0 0.85 0.7 0.2
1.0 1.9 4.3 2.8 1.8 .95 0.9 0.7 0.2
1.1 2.25 4.65 2.8 1.8 1.0 0.9 0.7 0.2
1.0 2.7 5.05 2.85 1.9 1.0 0.8 0.65 0.3
1.0 4.0 5.0 2.85 1.8 1.05 0.85| a0.55 0.3
1.05 4.15 5.05 2.8 1.7 1.25 0.9 0.45 0.4
........ 3.3 |....... 3.15 1.65 |........ 0.8 |........ 0.3

a River frozen over.

b River full of ice.

Station rating table for Bighorn River at Thermopolis, Wyo., from April 1 o October 1}, 1905.

h(e}j‘;%‘;_ Discharge. h(giZ%et. Discharge. | hg;%& Discharge. hg‘ig © | Discharge.
Feet. Sec-ft. Feet. Sec.At. Feel. Sec.ft. Feet. Secft.
.20 150 1.50 1,255 2.80 3,205 4.00 5,615
.30 205 1.60 1,375 2.90 3,390 4.20 6,045
40 265 1.70 1,500 3.00 3,580 4,40 6,475
.50 330 1.80 1,630 3.10 3,770 1.60 6,905
.60 400 1.90 1,765 3.20 3,065 1.80 7,340
.70 475 2.00 1,905 3.30 4,165 5.00 7,780
.80 555 2.10 2,050 3.40 4,365 5.20 8,220
.90 640 2.20 2, 3.50 4,570 5.40 8,660
1.00 730 2.30 2,355 3.60 4,775 5.60 9,100
1.10 825 2.40 2,515 3.70 4,085 5.80 9,550
1.20 025 2.50 2,680 3.80 5,195 6.00 10,000
1.30 1,030 2.60 2,850 3.90 5,405 6.20 10,450
1.40 1,140 2.70 3,02

The above table is applicable only for open-channel conditions. It is based on 11 discharge measure-
ments made during 1905 and is well defined between gage heights 0.8 foot and 3.7 feet.

IRR 172—06 8
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Estimated monthly discharge of Bighorn River at Thermopolis, Wyo., for 1905.

[Drainage area, 8,184 square miles.]

Discharge in second-feet. Run-off.
Totalin |gooo o eof
Month. Second-feet
’ Maximum.| Minimum. | Mean. | 2Tefeet | Lo square Dlglc’]?,};n
mile.
April ... ...l 825 150 476 28, 320 0.058 0.065
May ..., 5,938 778 1,594 98,010 .195 .225
June._ ... ... 10, 450 5,300 7,161 426,100 .875 .976
JULY oo 7,450 | 3,205 4,664 286, 800 - L570 .657
August ... 3,115 1,438 2,057 126, 500 .251 .289
September........ .. ..._........ 1,905 685 1,132 67,360 .138 L154
1,255 555 819 50,360 .100 .115
685 298 546 32,490 . 067 .075
330 150 | 207 12,730 . 025 .029 -
The period . ............... \ .................................. l 1,129,000 {. .. oo e

BIGHORN RIVER AT FORT CUSTER, MONT.

This station was established June 16, 1904. It is located at the bridge of the Burlington
and Missouri River Railroad, about one-half mile above the junction of Bighorn and Little
Bighorn rivers, near the section house at Fort Custer. The nearest post-office is 11 miles
away, at Crow Agency, Mont. The nearest town is Billings, 60 miles distant.

The channel is straight for 100 hundred yards above and below the bridge. The right
bank is high and does not overflow. The left is low and subject to overflow by extremely
high water. The bed of the stream is of gravel and is free from vegetation. There is but
one channel at ordinary stages, broken by the two piers of the bridge. The cirrent is swift.

Discharge measurements are made from the upstream side of the three-span bridge, to
which the gage is attached. The initial point for soundings is at the east or right abutment
of the bridge.

During 1905 the gage has been read twice each day and four successive observers have been
employed, namely, C. D. Hogue, N. N. Storm, J. R. Jahnson, and L. P. Roode. January 1,
1905, the gage datum was raised 5 feet above the 1904 datum and a standard chain gage
was fastened near the middle of the first span from the east bank, the length of the chain
from the bottom of the weight to the marker being 21.72 feet. October 10, 1905, the gage
was moved to the west or left span of the bridge and the gage datum was lowered 2 feet. The
new chain-gage length is 23.83 feet. All gage heights for 1905 are referred to the datum of
January 1, 1905. ‘The gage is referred to bench marks as follows: (1) On the top of the
east concrete abutment at the south end on mark XXXIII; elevation, 16.90 feet above the
datum of October 10, 1905. (2) On the top of the first concrete pier west of the east abut-
ment on the south end of the pier on mark XXXVI; elevation, 16.85 feet above the datum
of October 10,1905. (3) On the top of the south end of the west concrete abutment on
mark XXXTIV; elevation, 16.88 feet above the datum of October 10, 1905. The elevation
of this datum is given at 2,877.1 feet above sea level.

A description of this station, with gage height and discharge data, is contamed in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 131-132.
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Discharge measurements of Bighorn River ai Fort Custer, Mont., in 1905.

Date. Hydrographer. \.?Vidth. ﬁez%?o%f. vg:g#y. hgiz‘%%. ch]g,il'Ze.
Ft. per
Feet, | Sq.ft. sec. Feet. Sec.ft.
L. R .Stockman . 418 1,295 1.17 0.55 1,510
J.H.Sloan. ....o.ooioiiiiiiiiaa.. 444 1,407 1.29 .68 1,823
442 1,620 2.11 1.50 3,424
455 3,370 7.12 5.55 24, 000
456 2,960 5.23 4.45 15,490
July 19 431 2,362 3.39 2.90 8,012
August 18 ..._ 446 1,680 2.23 1.58 3,748
September 13. 443 1,261 1.55 .87 1,960
October 10..... 443 1,259 1.39 .73 1,747
October 31..... 443 1,266 1.38 74 1,743
Daily gage height, in feet, of Bighorn River at Fort Custer, Mont., for 1905.
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
) P 0.7 1.55 | 1.8 0.4 0.73 | 3.9 4.48 | 2.2 1.1 f...... 0.73 0.73
2l 65| 1.55| 1.82 .4 W7 3.92 | 4.52| 2.2 L12{ 2.1 7 .78
F: S, .6 1.55 | 1.85 .4 .78 | 4.05| 4.22| 2.05| 1.1 1.25 .73 .95
S .6 1.55 | 1.8 .4 1.23 | 4.62| 4.12| 1.9 1.1 1.05 .73 1.0
[ S, .6 1.55 | 1.2 .35 | 158 5.0 3.98| L9 1.1 1.0 .8 1.08
[ 2 .6 1.6 1.2 35| 1.38| 5.52| 3.8 1.8 1.13 .9 .8 1.12
i S, 55| 1.6 1.1 .35 | 1.18 | 5.28 | 3.68| 1.75| 1.1 .88 .75 1.2
- S .55 | 1.6 1.1 357 1.25| 4.9 3.521 L6 1.2 .78 .75 1.3
L .5 1.6 1.0 35| 1.25 5.2 3.551 1.6 1.1 .7 .78 1.22
100 il .5 1.6 1.0 35} 1.42| 5.6 3.4 1.65| 1.0 .78 .73 1.2
J ) .5 1.6 .8 35| 1. 52| 5.28| 3.38| 162 1.0 .98 .68 1.22
120l .5 1.6 .8 42| 1.42| 505 | 3.52| 1.58 .9 .92 .7 1.2
IR S )5 1.6 .9 4 1.15| 4.78| 3.5 1.62 .93 .9 .7 1.2
4. L .5 1.6 .7 42| 1.08| 4.72| 3.4 1.6 .87 .9 N 1.2
D U T .5 1.6 .7 451 1.0 4.8 | 3.48| 1.65 .85 .9 7 1.2
16l .5 1.6 .8 .5 .9 4.8 3.4 1.68 .8} L0 7 1.28
17 e 551 1.6 .9 .55 .85 | 4.8 3.2 1.55 .8 1.02 .7 1.35
R E .65 1 1.6 1.0 .55 85| 4.92| 2.95 L5 .8 1.0 .7 1.38
19 s .6 1.6 1.0 .58 | 1.35 | 5.02) 2.8 1.45 .75 .95 .7 1.35
200 el .6 1.6 .9 52| L75| 4.4 2.8 1.38 7 .92 .7 1.42
b3 .6 1.6 .9 74, 17 3.95 | 2.62| 1.3 .7 .92 .7 1.48
22 Ll 1.55 | 1.6 .8 78| 1.78 | 3.75| 2.48 | 1.28 .65 .92 .7 1.45
4 J N 1.55 | 1.6 .7 .82 | 2.08| 4.3 2.42 | 1.18 63 92 .7 1.38
24 .l 1.55 | 1.6 .6 62| 3.05| 468| 2.45| 1.15 .6 93 .7 1.1
s 1.55| 1.6 .52 621 3.15| 442 2.35 1.12 .65 93 .7 1.1
. 1.55| 1.6 .5 .62 262 435 | 2.3 1.1 |e..... .93 .73 1.1
4 1.55| 1.6 .45 .65 | 2.6 4.5 2.25 L1 |....... .92 .75 1.1
28..... Tereeeaes 155 1.7 .4 781 2.6 4.8 2.2 L1 ..., 98 .78 1.1
29 L 1.55 [....... .4 .78 2.6 4.9 2.4 1.15 |....... 93 .73 1.1
30, i 1.55 ... .4 .78 | 3.35 | 462 2.38| L15|....... 88 .7 1.12
2 1.55 |ooo.oe 4 |l 4.22 ..., 235 1.15|... ... 8 |...... 1.12

Nore.—Readings from January 22 to March 3, inclusive, and from November 28 to December 31 were
taken to the surface of theice. January 1-21, inclusive, gage height read to the water surface throu%? a
hole cut in the ice. River bed was dry under the gage September 26 to October 1, inclusive. For that
reason gage was moved to deeper wat},,er. Tce thickness, January 22, 12 inches; February 20, 14inches;
February 25, 14.5 inches,
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Station rating table for Bighorn River at Fort Custer, Mont., from June 16, 1904, to Decembe

31, 1905.
h(é}iz . | Discharge. hgiaé%i. Discharge. hgiaé % | Discharge. hgiag < | Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft.
0.40 1,260 1.60 3,660 2.80 7,460 4.00 12,780
.50 1,400 1.70 3,920 2.90 7,820 4.20 13,940
.60 1,540 1.80 4,200 3.00 8, 200 4.40 15,180
.70 1,700 1.90 4, 480 3.10 8,580 4.60 16, 500
.80 1,860 2.00 4,780 3.20 8,980 4.80 17, 900
.90 2,040 2.10 5,080 3.30 9,380 5.00 19, 380
1.00 2,240 2.20 5,400 3.40 9, 800 5.20 20,940
1.10 2,440 2.30 5,720 3.50 10, 240 5.40. 22, 660
1.20 2, 660 2.40 6, 060 3.60 10,720 5.60 24, 460
1.30 2, 990 2.50 6,400 3.70 11, 200 5.80 26, 340
1.40 3,140 2.60 6,740 3.8 11,720
1.50 3,400 2.70 7,100 3.9 12,240 |

The above table is applicable only for open-channel conditions. It is based on fourteen discharg
measurements made during 1904-5, and is fairly well defined between gage heights 0.5 foot and 4.5 feel
The table has been extended beyond these limits, being hased on one measurement at 5.55 feet.

Estimated monthly discharge of Bighorn River at Fort Custer, Moni., for 19045.

[Drainage area, 20,720 square miles.]

Discharge in second-feet. Run-off.
Total in
Month. “ Second-feet
Maximum.| Minimum. | Mean. | 2credfeet. | 5o - square Qggﬁgir
25,290 13,940 20,670 615, 0600 0.998 0.55
17,540 8,010 12,260 753,800 L5092 .68
7,532 2,506 4,583 281, 800 .221 .25
3,920 1,700 2,449 145, 700 .118 .13
1,860 1,620 1,728 106, 300 .083 .09
1,700 1,400 1,558 92,710 .075 .08
.................................. 1,995,000 ... ....oiooll.
1905.

T anuary 121 L. 1,700 1,400 1,485 61,850 .072 .05
Mareh 431 ... .o..oo..o..... 4,200 1,260 1,957 108,700 .094 .09
April. ..ol 1, 896 1,200 1,40 85,690 .069 .07
. 14,060 1,700 4,318 265, 500 .208 24
June....ooooiiiiiiiall 24, 460 11,460 17,420 | 1,037,000 841 .93
July . el 15,960 5,400 9,143 562, 200 .41 .50
August. ... 5,400 2,440 3,486 214, 300 .168 .19
September 1-25. . ... ... ..... 2,660 1,470 2,077 103,000 .100 .09
October2-31...........o..oc.... ' 5,080 1,700 2,202 131, 000 .106 .11
November 1-27.................. 1,860 1,668 1,732 92,750 .084 .08
Theperiod. .. ..ooeooii oo 2,662,000 [o...ocioiiifiianan..

NoTE.—No estimate for ice period.
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LITTLE BIGHORN RIVER AT CROW AGENCY. MONT.

This station was established March 24, 1905. Tt is located at the Burlington and Missouri
liver Railroad bridge, one-fourth mile south of Crow Agency, Mont.

The channel is straight for 200 feet above and below the station. Both banks are high
nd unwooded. The bed of the stream is covered with rock and gravel, is free from vege-
ation, and is permanent. All of the water passes between the abutments of the bridge at
1l stages. The velocity of the current is moderate. There are a few large rocks in the
iver, and about 1,200 feet above the station, at the head of Crow Agency ditch, there is a
tone and brush dam.

' Discharge measurements are made from the upstream side of the single-span bridge to
vhich the gage is attached. The initial point for soundings is a nail driven in the upstream
suard rail directly over the inner face of the right abutment.

Daily gage readings have been taken since the establishment of the station by three suc-
ressive observers—C. C. Hutton, J. A. Smith, and Thomas W. McHoes. The standard
‘hain gage is attached to the upstream side of the bridge, near the center of the river. The
ength of the chain is 20.31 feet. The gage is referred to bench marks as follows: (1) A
>ross on the west end of the south abutment, directly below the figures ‘“1903;” elevation,
12.87 feet. (2) A bolt head in the guard rail on the upstream side of the bridge, 7 feet south -
of the gage; elevation, 19.33 feet. (3) A nail in the cast end of the cap on piles supporting
she railroad track over Crow Agency ditch; elevation, 14.33 feet. Elevations are above the
zero of the gage. .

Discharge measurements of Little Bighorn River at Crow Agency, Mont., in 1905.

Date. Hydrographer. Width. galc‘%?o(r)lt. vgld::;lgy. hgiaé ea clglrsg_e.
) Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
March24......| L.R. Stockman._...._............... 114 85 1.43 2.00 122
April26.......{ J. H. Sloan 82 83 1.51 2.00 125
May 11....._..l.....do......... 89 165 2.77 3.10 457
June10........f..... [ L 99 326 3.85 4,80 1,253
June26........|..... [ 1 92 262 3.38 4.04 885
July 18.... 87 148 1.82 2.48 268
August 18. ... 83’ 91 1.87 2.0 124
September 13 .. 82 68 1.08 1.89 74
October 19.. ... 83 69 1.06 1.90 72
October 30..... 82 83 1.38 | 2.06 115
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Daily gage height, in feet, of Little Bighorn River at Crow Agency, Mont., for 1905.

Day. Mar. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. Dec.
2.0 3.3 3.6 2.2 1.9 2.0 1.9 2.
2.0 3.4 3.6 2.2 1.9 2.0 2.0 2.
2.1 3.7 3.7 2.2 1.9 2.0 2.1 2.
2.4 3.9 [ceeaaent 2.2 1.9 2.0 2.1 2.
2.5 4.4 ... ... 2.2 1.9 2.0 2.1 2.
2.5° 5.2 |. 2.2 1.9 2.0 2.1 2.
2.5 5.1 |. 2.2 1.9 1.9 2.1 2..
2.4 5.2 |. 2.1 1.9 1.9 2.1 2.-
2.4 5.7 2.1 1.9 1.9 2.1 2.«
2.4 4.8 ....... 3 I O 1.9 2.1 2.:
3.1 4.8 ....... 2.1 1.9 1.9 2.1 2.4
2.5 4.3 |.cee.... 2.1 1.9 1.9 2.1 2.¢
2.4 4.4 . ....... 2.1 1.9 2.0 2.1 2.¢
2.3 4.5 2.1 1.9 2.0 2.1 2.4
2.3 4.7 |. 2.1 1.9 2.1 2.1 2
2.3 4.5 2.1 1.9 2.1 2.1 2
2.3 4.3 2.1 1.9 2.1 2.1 2
2.3 4.2 2.1 1.9 2.1 2.1 2.4
2.2 4.0 2.1 1.9« 2.1 2.0 2.4
2.3 3.9 2.1 1.9 2.0 2.0 2.4
2.4 3.7 2.1 1.9 2.0 2.1 2.4
2.3 3.7 2.0 1.9 2.1 2.1 2.8
2.5 3.8 . 2.0 1.9 2.1 2.1 2.8
2.5 4.0 2.3 2.0 1.9 2.0 2.0 2.8
2.6 4.1 2.3 2.0 1.8 * 2.0 2.1 2.4
2.6 4.0 2.3 2.0 1.8 2.1 2.2 2.3
2.6 3.9 2.4 2.0 1.8 2.1 2.1 2.4
2.7 3.8 2.4 2.0 1.8 2.1 2.1 2.4
2.7 3.7 2.3 1.9 1.8 2.1 2.0 2.4
2.7 3.7 2.4 1.9 2.0 2.0 2.0 2.4
3.0 |........ 2.3 1.9 ... 2.0 ...l 2.3

NotE.—River partly frozen during December.

Gage heights are to the water surface.

Station rating table for Litile Bighorn River at Crow Agency, Mont., from March 24 to December

31, 1905.

rogi,, | Discharge. || 98¢ | Discharge. || (028 | Discharge. | G2 | Discharge.

Feet. Sec.—ft. Feet. Sec.-ft. Feet. Sec.ft. Feel. Sec.ft.
1.80 60 | 270 30 | 3.60 675 || 450 1,110
1.9 80 | 28 35 || 370 20 | 460 1,160
2.00 105 || 290 300 | 3.8 % | 470 1,210
2.10 130 || .00 80 || 3.9 810 || 480 1,260
2.20 15 || 3.10 a0 || .00 80 || 4.9 1,310
2.30 85 | 3.20 510 || 410 910 || 5.0 1,360
2.40 215 || 3.3 550 || 4.2 wo | 520 1,465
2.50 250 || 3.40 50 || 4.30 1,010 || 5.40 1,575
2.60 25 || 3.50 60 | 440 1,060 [ 5.60 1,685

The above table is applicable only for open-channel conditions. It is based on ten discharge measure-
ments made during 1905 and is well defined between gage heights 2 feet and 5 feet.
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Estimated monthly discharge of Little Bighorn River at Crow Agency, Mont., for 1905.

[Drainage area, 1,276 square miles.]

Discharge in second-feet. Run-off.
Total in

Mon. Maximum.| Minimum. | Mean. | cre-feet. %%cr‘;?nidgg}:: Diggﬁssi'n

March 24-31. .. ooooeieiia.. 105 105 105 1,666 0.082 0.025
April .o ... 155 80 117 6,962 .092 .103
MY - o e 470 105 235 14, 450 .184 .212
JUNe. .o . 1,740 550 977 58,140 .766 .855
July 1-3,19-31. .. ..., 720 185 289 9,161 .226 134
August. ... ..................... 155 80 125 7,686 .008 113
September .. 105 60 78| 4,612 . 061 .068
October. ... ......_. .. 130 80 109 6,702 .085 .098
November 155 80 124 7,379 .07 .108
December. ... ........ooooooiiifenei L 130 7,993 .102 118
Theperiod. ... . o eei e 124,800 | oeoiini i et

NoTE.—A gage height of 2.1 feet has been assumed as representing the normal flow during December.

SHOSHONE RIVER¢ NEAR CODY, WYO.

This station was established April 26, 1902. It is located at the wagon bridge 1 mile
northeast of Cody, Wyo., in sec. 29, T. 53 N., R. 101 W. .

The channel is straight both above and below the station. The banks are high and not
liable to overflow. The bed of the stream is composed of gravel and rock and is fairly per-
manent, but occasionally a small bar, which usually remains but a short time, forms at the
lower end of the center pier of the bridge. There is but one channel at all stages, inter-
rupted by the center pier or cribbing of the bridge. The current is swift and the river bed
slopes to the left bank. At low water the stream is nearly confined to a channel under the
left span of the bridge, but at higher stages it rises to the abutment on the right bank.

Discharge measurements are made from the wagon bridge, the points for soundings being
jndicated by numbers painted on the railing. The initial point is the face of the abutment
on the left bank.

The gage, which is read daily by W. J. Kissick, consists of a staff fastened to the frame-
work of the middle pier of the bridge, downstream side. The bench mark is a bolt in the
bridge sleeper 1.15 feet above the 12-foot mark on the gage; it is indicated by a cross. The
range of gage heights is about 6 feet.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 84, p 21; 99, p 83; 130, p 132.

Discharge: 84, p 22; 99, p 84; 130, p 133.

Discharge, monthly: 84, p 23; 99, p 85; 130, pp 135-136.

Gage heights: 84, p 22; 99, p 84; 130, p 134.

Rating tables: 84, p 23; 99, p 85; 130, p 134.

b a A brief description of' Shoshone Riverisincluded in the general description of the Yellowstone River
asin.
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Discharge measurements of Shoshone River near Cody, Wryo., in 1905.

Date. Hydrographer. Width. sAefzi%ogf. v g;g‘#y‘ hgjz P}h clgi,sg'e_
Ft. per

Feet. | 8q.ft. sec. Feet. Sec.-ft.
May7......... 1 A J.Parshall. ... .. .. ........... 128 359 1.98 2.70 710
Juned... ... .. "JoAhern. ... ... 178 909 6.72 5.70 6,088
June20........ Brundage and Soper. ............... 158 647 4.69 4.20 3,034
June26........ PP do. .. 185 909 7.19 5.70 6,536
June28........ beeeidon 193 965 7.82 5.95 7,550
July 8 ......._. [ do. .. 168 784 6.02 5.05 4,716
July 14 ... | A.J.Parshall.___ ... ... ... ... 160 648 5.71 4.50 3,701
........ ‘ 159 635 5.48 4.40 3,480
131 385 2.22 | 2.75 853
September 16 A." Brundage and Soper_............... 123 294 1.46 2.27 132
December1... " ..... A0 e 90 ‘ 202 1.09 1.79 223

e Made by wading ahove bridge.

Daily gage height, in feet, of Shoshone River near Cody, Wyo., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
2.0 1.9 2.5 2.8 2.2 5.0 5.0 3.5 2.7 2.0 2.1 1.8
2.1 1.9 2.5 2.8 2.3 5.1 5.0 3.4 2.7 1.9 2.0 1.9
2.1 2.0 2.6 2.8 2.5 5.5 5.3 3.2 2.8 1.8 2.1 1.9
2.0 2.0 2.6 2.8 2.7 5.7 5.2 3.8 2.8 1.9 2.0 1.8
L9 1.9 2.6 2.9 3.0 6.0 5.1 3.5 2.7 1.8 2.1 1.9
1.9 1.8 2.5 2.9 3.0 5.5 4.7 3.5 2.6 2.0 2.2 2.1
1.9 1.7 2.7 2.8 2.7 5.0 4.7 3.5 2.6 2.1 2.1 2.0
1.8 1.7 2.7 2.9 2.7 5.8 4.8 3.9 2.5 2.0 2.0 2.0
1.8 1.6 2.6 2.9 2.8 5.5 4.8 4.0 2.6 2.0 2.0 L9
1.8 1.6 2.6 2.8 3.0 5.0 4.7 3.8 2.6 1.9 2.1 1.8
1.8 1.7 2.5 2.9 2.9 5.2 4.6 3.0 2.7 1.8 2.2 1.7
1.9 1.7 2.6 2.9 2.9 5.2 5.3 3.1 2.6 1.9 2.0 2.0
1.9 1.8 2.7 2.9 2.9 5.7 4.6 3.0 2.6 2.1 1.9 2.1
2.0 1.8 2.5 2.8 3.0 5.8 4.5 2.9 2.5 2.1 1.8 2.0
2.0 1.8 2.5 2.9 2.8 5.6 4.5 3.0 2.4 2.0 1.9 2.0
2.0 1.9 2.6 2.9 3.1 5.6 4.7 2.9 2.3 2.0 2.0 1.9
1.9 2.0 2.7 3.0 3.0 4.7 4.8 2.9 2.3 2.1 2.0 1.8
1.9 2.0 2.7 3.0 3.1 4.7 4.5 2.8 2.3 19 2.0 1.8
1.9 2.1 2.7 3.0 3.0 4.51 4.2 2.7 2.3 2.0 2.0 1.9
1.8 2.1 2.8 3.1 3.5 4.2 4.4 2.7 2.2 1.8 2.1 2.0
1.8 2.2 2.9 3.1 3.5 4.5 4.5 2.7 2.2 2.1 2.0 1.9
1.7 2.2 2.9 2.9 3.8 5.0 4.1 2.7 2.2 2.1 19 2.0
1.7 2.4 2.9 3.0 3.5 5.0 4.1 2.7 2.2 2.1 2. 1.8
1.7 2.5 2.8 2.8 3.0 5.0 4.1 2.8 2.2 2.1 2.0 1.8
1.6 2.5 3.0 2.7 3.3 5.0 4.0 2.8 2.1 2.0 2.0 2.0
1.6 2.4 3.0 2.8 3.5 5.7 4.0 2.8 2.1 2.0 2.0 2.0
1.8 2.5 3.1 2.9 3.6 5.9 4.4 2.8 2.0 2.0 1.9 1.9
1.8 2.5 2.8 3.0 3.5 5.8 4.4 2.8 1.9 2.1 1.9 2.0
L8 |....... 2.9 2.5 4.0 5.8 4.4 2.7 1.9 1.9 1.8 2.0
L9 |....... 2.9 2.5 4.3 5.5 4.3 2.9 2.0 1.8 19 2.0
1.9 ... .. 3.0 |....... 4.5 ... 3.6 3.0 f ....... 2.1 ..o 2.0

Note.—The gage heights for this station as reForted by the observer were greatly in error. They
have been corrected and adjusted on the basis of 30 gage readings made during the year by hydrogra-
phers and by the use of the Marquette station gage heights. They are still liable to some error.
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Estimated monthly discharge of Shoshone River near Cody, Wyo., for 1905.

[Drainage area, 1,480 square miles.]

Discharge in second-feet. Run-off.
i Total in
Month. Maximum.| Minimum. | Mean. | acre-feet. Spegrosngéfg ?:lc)li;}elsin
niile. :
365 190 270 16, 600 0.182 0.210
630 190 351 19, 490 .237 .247
1,230 630 833 51,220 .563 .649
April. ool 1,230 630 972 57,840 .657 .733
May.. ... iiiiiiiiiaio.- 3,705 420 1,401 86,140 .947 1.09
June..... ... ... 7,850 3,070 5,747 342, 000 3.88 4.33
July.. .ol e 5,720 1,965 3,801 239,200 | o 2.63 3.03
August.. ... ... ... - 2,675 800 1,286 79,070 .869 1.00
September . 900 255 559 33,260 .378 .422
October_ . ... .. ... ..... 350 220 295 18, 140, .199 .229
November...... ................ 410 220 303 18,030 . 205 .229
December..... . ... ............ 350 190 270 16, 600 .182 .210
The year.................. 7,850 180 } 1,38 977,600 911 | 12.38

NoTE.—The greater part of the published gage heights for December, 1904, are probably 1 foot too low,
owing to inaccurate gage reading, thus causing great error in published estimates for that month. The
1905 estimates are based on two rating curves.

.

SOUTH FORK OF SHOSHONE RIVER AT MARQUETTE, WYO.

South Fork, which furnishes about 25 per cent of the discharge of Shoshone River, rises
in the Shoshone Mountains, near the southeast corner of the Yellowstone National Park,
and flows northeastward about 50 miles to the entrance of the canyon, where it joins North
Fork. It receives numerous small tributaries which enter from both sides.

The gaging station was established April 26, 1903, but was discontinued during 1904. It
is located at the county highway bridge at Marquette, Wyo., 12 miles west of Cody, in sec.
12, T. 52 N,, R. 103 W.

The channel forms the arc of a long curve extending about 200 feet above and below the
bridge. The banks do not overflow, but at highest stages the water rises a few feet against
the bridge abutments on either side. The bed of the stream is rocky-and stable. The
river flows in a single channel under the bridge, the greatest depth being near the center.
Large rocks near the left bank interfere somewhat with the accuracy of discharge measure-
ments.

Discharge measurements are made from the bridge, sounding points being indicated by
marks painted at 10-foot intervals on the lower railing. The initial point for sounding is
at the abutment.on the left bank. °

The gage, which is read twice daily by C. P. MacGlashan, is a vertical timber set well
out in the stream and fastened to a strong post placed 1 foot deep in the rocky bed of the
channel and securely braced to the sleeper of the bridge. The bench mark is the lower
surface of the iron plate at the bottom of the bridge stringer at the gage rod; elevation,
10.60 feet above the zero of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 99 of the United States Geological Survey, pages 85-87.
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Discharge measurements of South Fork of Shoshone River at Marquette, Wyo., in 1905.

Date. Hydrographer. Width. ﬁegi?ogf. vglioecaigy. hgii;%et. ’chlg;sg-e.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
April25_ ...... AV 1) o s SO 85 88 2.16 0.70 190
May8......... A.J Parshall. ... ... ... ... ... 118 113 2.527) 1.00 285
June6......... T ARID. ..o 144 275 4.61 2.40 1,269
Junel15...._ ... 144 338 5.36 2.80 1,812
June19........ 144 228 4.14 1.95 943
June27........ 144 430 5.95 3.35 2,559
July1......... 144 343 5.42 2.75 1,860
July 15........ 144 262 5.09 2.35 1,335
September 16 ..| Brundage and Soper................ 85 67 1.94 .63 130
September 19a_|._ ... Lo Lo S, 72 91 1.22 .62 112

Daily gage height, in feet, of South Fork of Shoshone River at Marqueite, Wyo., for 1905.

a Made by wading 250 feet above usual point.

Day May. | June. | July. | Aug. | Sept. | Oct. | Nov.
2.65 3.0 1.45 0.8 0.7 0.5

2.65 2.75 1.4 .8 .7 .6

2.8 2,45 1.35 .85 .6 .6

3.0 2.3 135 .85 .6 .6

2.9 2.45 1.25 8 .6 .6
2.3 2.5 1.35 .75 .6 .6,

2.3 2.7 1.3 .75 .55 .6

2.8 2.6 1.3 .7 .5 .6

2.8 2.6 1.15 .75 .55 .6

2.85 2.35 1.15 .75 .6 .55

2.4 2.7 1.1 .8 .5 .55

2.3 2.4 1.1 .75 .5 .6

2.7 2.45 .95 .75 .6 .7

2.85 2.6 .9 .65 -.6 .65

2.9 2.5 .95 .65 .55 .7

2.7 2.45 1.05 .7 .6 7

2.15 2.6 .95 .7 .6 .7

2.15 2.45 1.0 .65 .6 .7

2.0 1.8 .85 .65 .65 7

2.0 2.2 .85 .6 .7 .65

2.1+ 195 .8 .6 .6 .7

2.7 1.8 .85 .6 .5 .65

2.3 2.65 .8 .6 .6 .65

1.45 2.6 2.3 .85 .6 .6 .7
1.45 3.05 1.7 .8 .5 .6 .6
1.55 3:4 2.1 .9 .5 .6 .55
1.5 3.8 2.5 .85 .4 ~6 .5
1.7 3.15 2.25 .9 .5 .5 .4
2.3 3.0 1.8 .9 .55 .5 .35
2.2 2.85 1.7 .85 .6 .5 .35
2.55 [oevanen 15 I B ¥ 2 I,
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Station rating table for South Fork % Shoshone River at Marquetie, Wyo., from May 1
) to November 30, 1905.

hs%%?t. Discharge. hgiz % - | Discharge. h(giz %. Discharge. hgiag et« Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.At.
0.40 63 1.30 460 2.20 .1,180 3.10 2,235
.50 87 1.40 525 2.30 1,280 3.20 2,365
.60 115 1.50 590 2.40 1,385 3.30 2,500
.70 149 1.60 660 2.50 1,495 3.40 2,635
.80 189 1.70 735 2.60 1,610 3.50 2,775
.90 235 1.80 815 || 2.70 1,730 3.60 2,915
1.00 285 1.90 900 2.80 1,850 3.70 3,055
1.10 340 2.00 990 2.90 1,975 3.80 3,200
.20 ° 400 2.10 1,085 3.00 2,105

The above table is applicable only for open-channel conditions. It is based on eight discharge meas-
urements made during 1905, and is well defined.

Estimated monthly discharge of South Fork of Shoshone River at Marquette, Wyo., for 1905.

[Drainage area, 500 square miles.}

. Discharge in second-feet. Run-off.
Totalin |qu. 2o |
Month. Second-feet :
Maximum. | Minimum. | Mean. | 2erefeet. | o o vare ?ﬁggh n
mile. 8.
Moy .o 1,552 149 474 29,140 0.948 1.09
June....ooiiiiiiiiiiiaaa 3,200 990 1,724 102, 600 3.45 3.85
JULY - e 2,105 590 1,335 82,000 2.67 '3.08
August........... .. 558 189 314 19,310 .628 .724
September .. 212 63 143 8,509 .286 .319
October........ .- 149 87 110 6,764 .220 .254
November -149 53 117 6,962 .234 261
Theperiod.....ocooieiemii|ieeeimnaieeieaeceana]ecenaanaan 255,400 .. ... .. |ieeaalo..

PINEY CREEK AT KEARNEY, WYO.

Piney Creek rises on the eastern slope of the Bighorn Mountains, in the extreme north-
western part of Johnson County, Wyo., in the elevated plateau region east of Cloud Peak,
and flows in a general northeasterly direction until it joins Clear Creek, a branch of Powder
River. Its entire length is between 40 and 50 miles, and its total drainage area about 160
square riles. It receives a number of small tributaries, among which may be mentioned
Little Piney Creek, which enters from the south near the gaging station at Kearney, and Box-
elder Creek, which comes in a few miles above the junction of Piney and Clear creeks. Box-
elder Creek probably obtains a part of its limited discharge by seepage from De Smet Lake,
a small lake without outlet on the divide between this basin and that of Clear Creek to the
south. The valley of Piney Creek is narrow, and is so largely composed of rock, bowlders,
and cobblestones that little effort has been made to use it for agricultural purposes. The
soil of the rolling uplands and side hills is a rich, deep, sandy loam, generally covered with a
small growth of sagebrush and thick, luxuriant grasses. A few thousand acres; including
several sidehill tracts, comprise the arable land within the Piney basin proper to which the
water supply has been applied. Two large ditches, taken out at the point where the creek
leaves the mountain slopes to enter the valley, have been carried from Piney Creek across
the low divide to the Prairie Dog basin, where the soil conditions are similar. Near the
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head of Piney Creek are several small lakes, at one of which—Piney Lake—an carthen
dam was constructed some years ago to conserve waters for use on the northern slope of
the northern Piney divide. This dam, which was not well planned or constructed, gave
way when nearly filled and caused considerable destruction to properties below.

The gaging station was established September 6, 1902. It is located at the highway
bridge about 100 yards south of the Kearney post-office. at the crossing of the stage road
from Buffalo to Sheridan, on the water front of the Geier ranch. This ranch is one of the
most productive properties on Piney Creek and is built on the site of old Fort Kearney.

The channel is straight for 600 feet above and below the station. The right bank is high
and does not overflow; the left bank overflows at extreme flood stages, when a slough
about 100 yards from the bank carries a small amount of water. The bed of the stream
is composed of gravel. There is but one channel. The current is very swift during high
water and sluggish at low-water periods. There are no obstructions in the channel, either
above or below.

Discharge measurements are made from the bridge. The initial point is a zero painted
on the floor of the bridge at the right bank.

The gage is read once daily at ordinary stages and twice daily during times of greatest
fluctuations, by A. J. Sinsel, who lives one-fourth mile distant. The gage is a vertical
stafl, spiked to the lower abutment of the bridge on the right bank. The bench mark is
the United States Geological Survey bench at Geier’s ranch, about 60 feet south of the gage;
it is marked ‘‘Sher. 4662, and its elevation is 4,661.77 feet above sea level. The eleva-
tion of the zero of the gage is 4,645.96 feet; the range of gage heights is about 2.5 feet.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 84, p 21; 99, p 77; 130, p 138,

Discharge: 84, p 21; 99, pp 77-78; 130, p 139.

Discharge, monthly: 99, p 79; 130, p 140.

Gage heights: 84, p 21; 99, p 78; 130, p 139.

Rating table: 99, p 79; 130, p 140.

Discharge measurements of Piney Creek at Kearney, Wyo., for 1905.

Date. Hydrographer. Width. ;&e(l;%?ogf' velllfoecai?y. hg'&%ﬁ_ clglrsg-e.
Ft. per

Feet. | Sq.ft. sec. Feet. Sec.ft.
March 15. ..... 40 57 0.54 1.40 31
May10....._.. 41 81 1.32 2.00 107
Mayl1l........ 41 80 1.18 1.92 94
Juneb5......... 42 137 7.33 3.40 1,004
Juneéo._ . . 42 95 5.36 2.80 509
July6......... 41 89 1.66 1.95 148
July6......... 41 91 1.46 1.90 133
July 7......... 4] 88 1.39 1.85 to122
July18........ 40 80 1.2t 1.70 97
August 24..... 40 62 .82 1.40 52
September 30 .. 40 53 .45 1,10 24

@ Measured above bridge.
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Daily gage height, in feet, of Piney Creek at Kearney, Wyo., for 1905.
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Day Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov.
1.4 1.8 2.88 2.35 1.6 1.25 1.15 1.4
1.4 1.9 3.1 2.3 1.6 1.25 1.2 1.4
1.4 1.8 3.3 2.3 1.55 1.2 1.15 1.4
1.4 1.7 3.7 2.2 1.4 1.2 1.15 1.4
1.4 1.7 3.5 2.15 1.2 1.2 1.15 1.4
1.45 1.8 2.78 2.05 1.2 1.2 1.15 1.4
1.45 1.85 2.88 1.9 1.2 1.2 1.15 1.4
1.5 1.85 3.25 1.9 1.1 1.2 1.15 1.4
1.5 1.9 3.25 1.9 1.1 1.2 1.15 1.4
1.5 1.9 2.88 1.9 1.1 1.15 1.1 1.35
1.5 1.95 2.75 1.9 1.2 1.15 1.1 1.35
1.5 2.0 \ 2.72 1.9 1.3 1.15 1.1 1.35
1.55 1.95 2.82 1.9 1.3 1.15 1.1 1.35
1.55 1.95 2.75 1.9 1.2 1.15 1.1 1.35
1.55 2.0 2.68 2.1 1.2 1.15 1.15 1.35
1.5 2.0 2.62 2.0 1.2 1.15 1.15 1.35
1.5 2.1 2.45 1.95 1.2 1.15 1.15 1.35
1.5 2.2 2.35 1.8 1.2 1.15 1.15 1.35
1.5 | 23 | 23| 1.7 | 12| 115 15| 13
1.5 2.2 2.35 1.9 1.2 1.15 1.2 1.3
1.5 2.3 2.38 1.85 1.3 1.15 1.25 1.3
1.5 2.35 2.38 1.75 1.3 1.2 1.3 1.3
1.5 2.75 2,38 1.7 1.4 1.2 1.35 1.3
1.55 2.55 2.3 1.7 1.45 1.15 1.4 1.3
1.6 2.5 2.3 1.7 1.4 1.15 1.4 1.3
1.7 2.5 2.42 1.7 1.4 1.15 1.45 1.3
1.85 2.45 2.45 1.8 1.3 1.15 1.4 1.3
1.75 2.5 2.45 1.75 1.3 1.15 1.4 1.3
1.7 2.65 2.25 1.65 1.3 1.15 1.4 1.3
1.75 2.75 2.3 1.65 1.3 1.15 1.4 1.3

........ 2.85 |coaan-n. 1.6 1.25 (..., 1.4 |.......

Station rating table for Piney Creek at Kearney, Wyo., from January 1, 1904, to June 5,1905.

h(i?gg:t. Discharge. hgi';%et. Discharge. h(e}iz et. Discharge. h g’ ;ﬁg Discharge.
Feet. Sec.-ft. Feet. Secft. Feet. Sec.-ft. Feet. Sec.-ft.
1.20 15 1.80 76 2.40 262 3.00 660
1.30 21 1.90 96 2.50 310 3.10 750°
1.40 29 2.00 118 2.60 364 3.20 850
1.50 38 2,10 144 2.70 430 3.30 960
1.60 48 2,20 178 2.80 500 3.40 1,080
1.70 60 2.30 . 218 2.90 580 3.50 1,200

The above table is applicable only for open-channel conditions,

ments made during 1904, and is well defined between gage heights 1.3 feet and 3 feet.

1t is based on nine discharge measure-
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Station rating table for Piney Creck at Kearney, Wyo., from June 6 to November 30, 1905.

h(e}iz . | Discharge. h(e?iag%%;. Discharge. |‘ }g?‘gggt. Discharge. h(e}ig‘ € | Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft.
1.10 24 1.70 94 2.30 262 2.90 595
1.20 32 1.80 113 2.40 302 3.00 675
1.30 4 1.90 136 2.50 347 3.10 765
1.40 52 2.00 162 2.60 400 3.20 860
1.50 64 I 2.10 192 2.70 460 3.30 960
1.60 78 2.20 25 2.80 525

|

The above table is applicable only for open-channel conditions. It is based on eight discharge meas-
urements made subsequent to June 5, 1905. 1t is well defined between gage heights 1.1 feet and 2 feet.

Estimated monthly discharge of Piney Creek at Kearney, Wyo., for 1905.

. Discharge in second-feet. .

Month. Totalin

Maximum. | Minimum. | Mean. acre-feet.
APTil. o i 86 29 42.2 2,511
. 2 540 60 196 12,050
JUDe . o i 1,450 244 510 30,350
July...... 282 78 142 8,731
August 78 24 41.3 2,539
September.. . . - 36 28 29.7 1,767
L6751 a3 0T 58 24 35.3 2,170
November. .. eiieiieaan 52 41 45.8 2,725
Theperiod. .. ..covmirii i iaacicaeeaceaa]ecmeemcamea]oceiccaeca e 62,840

MISCELLANEOUS MEASUREMENT.

A measurement of Clark Fork at Bridger, Mont., made June 1, 1905, gave the following:
Area of section, 755 square feet; mean velocity, 5.42 feet per second; discharge, 4,088 sec-
ond-feet. .

LITTLE MISSOURI RIVER DRAINAGE BASIN.
DESCRIPTION OF BASIN.

The Little Missouri rises in the central part of Crook County, in northeastern Wyoming,
flows northeastward, crossing the southeast corner of Montana and the northwest corner of
South Dakota, and empties into the Missouri in North Dakota, in the Fort Berthold Indian
Reservation. The upper portion of the basin is mountainous, but the stream flows for the
most part through a rolling country bounded in places by ranges of steep hills carrying some
timber. The soil is partly a sandy loam and partly gumbo, and there is little land under
cultivation. The stream receives numerous small tributaries, most of which are dry for the
greater part of the year. The main floods occur during March, May, June, and July.
During the rainy season some water is diverted from the tributaries and a small quantity is
stored for irrigation.

LITTLE MISSOURI RIVER AT ALZADA, MONT.

This station was established April 3, 1904. It is located at the highway bridge on the old
Spearfish and Miles City stage road, about one-half mile northwest of Alzada, Mont.

The channel is straight both above and below the station for about 200 feet. Both banks
are high, but are liable to overflow at extreme high water. The bed of the stream is com-
posed of fine silt and is fairly permanent. The current is moderately swift, except at low
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water. There is but ons channel, broken by the middle crib pier of the bridge. This pier
and the ice breaker just above are the only obstructions in the channel at the station. Wil-
lows and brush on the banks tend to retard the flow during high water. Below the station
the willows grow in some places so that their branches reach nearly across the channel. The
stream is frozen from about December 20 to March 10, and observations are discontinued
during that time.

Discharge measurements are made at high stages from the downstream side of the bridge.
The initial point for soundings is a bolt in the downstream hand rail near the left end of the
bridge. Low-water measurements are made by wading one-half mile above the gage.

The gage, which was read during 1905 once each day by Miss Elsie King, consists of a plain
stafl attached vertically to the downstream side of the crib pier supporting the middle of the
bridge. The gage is referred to bench marks as follows: (1) A spike driven into the base of
a tree about 50 feet west of the left end of the bridge; elevation above the zero of the gage,
16.33 feet. (2) A United States Geological Survey standard bench mark in front of the
Alzada post-office, about 2,000 feet distant; elevation above sea level, 3,428 feet, and above
the zero of the gage, 26.82 feet. The elevation of the gage zero above sea level is 3,401.18
feet.

" A description of this station, with gage height and discharge data, is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 140 to 143.

Discharge measurements of Liitle Missouri River at Alzada, Mont., in 1905.

Date. Hydrographer. Width. xi?ogfl vt?f‘é!g;lyA h(e}iag t. cl)lg.irZe.
Ft. per
Feet. 8q. ft. sec. Feet. Sec.-ft.
April21 ... ... H.D.Comstoek . _............___.... 6 1.5 1.0 1.10 1.5
June7.........|..... Ao e 6 2.1 2.14 1.24 4.5
July 24 ........|..... 5 1 21 13.0 2.29 1.90 3.0
August 24. ...} .. s [ N RPN RPN SN 1.10 3.0
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Daily gage height, in feet, of Little Missouri River at Alzada, Mont., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov.
1.6 1.2 1.1 1.4 2.2 1.5 5.3 |, 1.0
1.6 1.5 1.1 3.6 1.9 2.8 4.0 1.0
1.5 4.4 2.0 13.0 1.2 2.2 3.3 1.0
1.5 11.4 2.0 13.1 1.0 1.8 2.3 1.0
1.1 12.6 1.8 3.8 2.0 1.4 1.4 1.0
1.1 9.95 1.4 3.7 1.2 1.2 1.2 1.0
1.1 4.6 1.2 3.4 1.2 1.2 1.1 1.0
1.1 2.9 1.2 3.2 1.2 1.2 1.0 1.0
1.1 1.6 3.0 2.7 1.2 1.2 1.0 1.0
1.1 1.6 2.2 2.6 1.2 1.2 1.0 1.0
1.1 1.6 1.5 2.5 1.2 1.2 1.0 1.0
1.1 1.5 1.3 2.4 3.0 1.2 1.0 1.0
1.1 1.3 1.2, 2.3 6.0 1.2 1.0 1.0
1.1 1.3 1.1 3.0 4.0 1.0 1.0 1.0
1.1 1.3 8.5 3.5 2.0 1.0 1.0 1.0
1.4 1.2 3.0 2.2 1.5 1.0 . 1.0 1.0
1.4 1.2 9.7 4.0 1.2 1.0 1.0 1.0
1.4 1.1 14.0 3.2 1.2 1.0 1.0 1.0
1.3 1.1 12.6 2.0 1.2 1.0 1.0 1.0
1.2 1.2 11.5 7.0 1.2 1.0 1.0 1.0
1.2 1.2 4.0 6.5 1.0 1.0 1.0 1.0
1.2 1.2 2.2 4.5 1.0 1.0 1.4 1.0
1.2 1.3 2.5 3.0 1.0 1.0 3.8 1.0
1.2 1.1 2.7 2.0 1.0 1.0 2.4 1.0
1.2 1.1 3.0 3.0 1.0 1.0 1.2 1.0
1.2 1.2 3.2 4.3 1.0 1.0 1.2 1.0
1.2] 1.2 2.0 5.0 1.0 1.0 1.0 1.0
1.2 1.1 1.6 1 4.0 1.2 1.0 1.0 1.0 -
1.2 1.1 1.5 7.0 1.0 1.0 1.0 1.0
1.2 1.1 1.4 3.9 1.0 6.0 1.0 1.0

........ L1 .o...... 2.6 10.0 |........ 1.0 ...

Station rating table for Little Missouri River atg Alzada, Mont., from March 15, {o November 30,
i 1905. .

h(g]%%et Discharge. hgiz ‘%_ Discharge. h(e}iz i_ Discharge. hg.;%‘; Discharge.

Fect. Sec.-ft. + Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft.
1.00 1 2.30 67 3.60 178 4.90 300
1.10 2 2.40 75 3.70 187 5.00 310
1.20 4 2.50 83 3.80 196 5.10 320
1.30 7 2.60 91 3.90 205 5.20 330
1.40 10 2.70 99 4.00 214 5.30 340
1.50 14 2.80 107 4.10 223 5.40 350
1.60 19 2.90 115 4.20 232 5.50 360
1.70 24 3.00 124 4.30 241 5.60 370
1.80 30 3.10 133 4.40 250 5.70 380
1.90 37 3.20 142 4.50 260 5.80 390
2.00 44 3.30 151 4.60 270 5.90 400
2.10 51 3.40 160 4.70 280 6.00 411
2.20 59 3.50 169 4.80 290

The above table is applicable only for open-channel conditions. It is based on 12 discharge measure-
ments made during 1904-5, and is well defined between gage heights 1 foot and 6 feet.
table is the same as that for 1904. Above 6 feet the discharge is only approximate.

Above 3 feet the
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Estimated monthly discharge of Little Missouri River at Alzada, Mont., for 1905.

[Drainage area, 600 square miles.]

Discharge in second-feet. Run-off.
Totalin |q.. w3 | -
Month. Second-feet ;
Maximum. | Minimum. | Mean. | Tefeet. | bersquare lgsgﬁgsm
mile. -
March 1531 .__.....oee.. 24 10 13.3 449 0.022 | o0.014
O 19 2 5.6 333 . 0093 .010
May........... e 1,173 2 124 7,624 .207 .239
June. ... ..o 1,354 2 212 12,620 .353 .394
July. .. . .ol 1,237 10 245 15, 060 .408 .470
Auvgust .. oLl 861 1 60.2 3,702 .100 .115
Septemler. ... . ... ... 411 1 22.6 1,345 .038 .042
October 340 1 35.4 2,177 .059 .068
November 1 1 1.0 60 0017 | .0019
The period. ... ... oo e 43,370 Yool

LITTLE MISSOURI RIVER AT CAMP CROOK, S. DAK.

This station was established September 2, 1903. It is located near the old highway
bridge on the road from Camp Crook to Belle Fourche, about one-half mile from Camp
Crook,in T.18 N.,R.1 E.

The channel is straight for 300 feet above and 400 feet below the station. Both banks
are sparsely wooded, and the left bank overflows at high water. The bed is sandy and some-
what shifting. There is but one channel at all stages. The current is sluggish at low water.
The river is frozen from about December 20 to March 10, and observations are discontinued
during that time. Gage heights range from zero to 10 feet.

High-water measurements are made from a car and cable 200 feet above the old bridge,
The cable is marked at 10-foot intervals with white paint. The initial point for soundings
is the left cable support. Low-water measurements are made by wading near the cable.
The gage was read once each day during 1905 by Paul A. Chuning. The original gage was
destroyed by floods in the spring of 1904. The present temporary gage, established April 20,
1905, consists of three parts—a staff driven in the center of the channel, a staff driven on
the left bank, and a timber spiked to the left abutment of the old bridge. This gage will be
replaced by a permanent gage on the steel bridge now being erected. The gage is referred
to bench marks as follows: (1) A spike driven in a blaze 6 inches above ground on a tree
near the road, 100 feet from the right end of the bridge; elevation, 10.53 feet above the zero
of the gage. (2) A spike driven in a blaze 6 inches above ground on a tree across the road
from bench mark No. 1 and 175 feet farther downstream; elevation above the zero of the
gage, 12.89 feet.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, p 73; 130, pp 143-144.

Discharge: 99, p 74; 130, p 144.

Discharge, monthly: 130, p 146.

- Gage heights: 99, p 74; 130, p 145.

Rating table: 130, p 145.

1RR 172—06——9
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Discharge measurements of Little Missouri River at Camp Crook, 8. Dak., in 1905.

Date. Hydrographer. Width. ée;%%ogf. vgi[:giltly. h%?g ei';. cllzﬁ-ge.
Ft. per
Feet. Sq. ft. sec. Feet, Sec.ft.
April 20....... H.D.Comstock. . ...c.oioveeuennnnn 64 24 1.00 0.45 24
June4.........j..... L o P 28 17 .61 .34 10.3
June6.........|..... [ (o N 21 5.5 1.42 .31 7.8
July 25. ... feann L 114 197 2.12 2.15 418
July26........)..... A0 e 110 166 1.77 1.90 294
August23. ... Stevens and Comstoek.............. 68 48 1.10 .69 53

Nore.—Measurements made at different sections.

Daily gage height, in feet, of Little Missouri River at Camp Crook, 8. Dak., for 1905.

Day. Apr. { May. | June. | July. | Aug. | Sept, | Oct. | Nov.
PP R 0.3 0.4 1.1 40| 50 0.4 0.9
TSN I .3 4 3.2 35| 5.6 3.7 .8
TN AU, .8 .4 5.85 2.7| 8.0 2.9 7
U S 1.1 .4 6.7 1.9 2.25 2.7 7
- T O 3.0 .4 6.0 1.7 20 2.6 .6
[ S RO 4.0 .4 5.1 17| 18 2.4 .6
U PR 4.0 .3 2.2 16| 17 1.7 .6
- T O 2.6 .3 19 1.4 L7 1.2 .5
L TP S 1.6 .4 1.8 1.2 L7 .7 .5
(1T PO 1.3 .4 2.0 1.0 7 .5 .5
L P IO S 1.3 .4 2.0 .9 .6 .5 .5

.9 .5 2.0 .8 .5 .5 .5

.8 .9 1.8 7 .5 .5 .4

.8 851 18 7 .5 .5 .4

.6 .8 L4 2.0 .5 .5 .4

551 4.9 2.0 2.1 .5 .5 .4

.5 5.6 6.8 1.7 .5 .5 .4

........ .5 7.0 5.1 1.0 .5 .5 .4
........ .5 7.6 3.0 .9 .4 7 .4
.5 5.6 2.4 7 4 7 .4

b 4.5 1.5 7 .3 .9 .4

.5 3.3 1.6 .7 .3 1.0 .5

.4 2.5 2.6 .6 .3 1.5 .5

4 1.6 2.6 ,.6 .3 1.6 .5

. .3 1.4 2.1 .6 .3 1.9 .5

.3 1.8 1.7 .6 .3 2.5 .5

.4 1.7 .8 .6 .3 1.9 .4

.4 1.7 1.8 .6 .3 1.8 .4

.4 1.6 4.2 .5 .3 1, L5 .4

. .4 1.5 6.0 .5 .4 1.4 4
........ 4 ool 6.15 1% 73 IS D Y AU
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Station rating table for Litile Missouri River at Camp Crook, 8. Dak., from April to November

30, 1905.
h%ailg <. | Discharge. h(é}% . | Discharge. hgiag%% Discharge. hgiag%et. Discharge.

Feet. Sec.ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sect.
0.20 3 1.00 93 1.70 270 2.40 523
.30 7 1.10 111 1.80 302 2.50 565
. 40 16 1.20 132 1.90 335 2.60 608
.50 26 - 1.30 156 2.00 370 2.70 652
60 37 1. 40 182 2.10 406 2.80 697
70 49 1.50 210 2.20 444 2.90 743
.80 62 1.60 239 2.30 483 3.00 790

90 77

The above tableis applicable only for open-channel conditions. It is based on sixteen discharge meas-
urements made during 1903-1905, and is well defined between gage heights 0.3 foot and 2.6 feet. The dis-
charge above 3 feet is only approximate.

Estimated monthly discharge of Little Missouri River at Camp Crook, S. Dak., for 1905.

[Drainage area, 1,900 square miles.]

Discharge in second-feet. Run-off.
Total in
Month. Second-feet :
Maximum.! Minimum. | Mean. | 8¢Te-feet. |hersquare ]i)i%’}gsm
mile. :
April 20-30............ 26 7 14.6 319 0.0077 0.0032
L E:0) 1,320 7 170 10, 450 .089 .103
June.......... 3,480 7 608 36,180 .320 .357
July.coeeennn. 3,000 62 961 59,090 . 506 .583
August....... 1,320 26 208 12,790 .109 .126
September.... 2,280 7 244 14,520 .128 .143
October... 1,147 16 229 14,080 121 .140
November. ... ..coceeeeaaaian. 77 i 16 27.2 1,618 .014 . 016
The period......coveeiiiifiaininaaan. l ...................... I T 011, R D

LITTLE MISSOURI RIVER AT MEDORA, N. DAK.

This station was established May 12, 1903. It is located at the Northern Pacific Railway

bridge, one-third mile west of the railroad station at Medora, N. Dak.
" The channel is straight for 100 feet above the station and 300 feet below. The right bank
is clean, low, and overflows at very high stages; the left bank is almost perpendicular and
has a height of 30 feet above gage datum. The bed of the stream is of clay and sand, and
sometimes scours from 5 to 8 feet during floods; at ordinary stages the bed changes only
slightly.. There is but one channel, broken by three piers, according to the stage of the
river. In the latter part of 1903 the cross section at the bridge was temporarily changed
during repairs to the bridge by the railroad company, continuing several months.

Discharge measurements are made from the railroad bridge to which the gage is attached.
The initial point for soundings is the left end of the guard rail on the lower side of the bridge,
2.9 feet, west of the east face of the concrete abutment.

The gage was read during 1905 by W. A. Brubaker and P. E. Anderson. A standard
chain gage is located on the lower side of the railroad bridge at a point 91 feet from the
initial point for soundings. There is also a vertical board gage reading from 1 foot to 9
feet, fastened to a pile in the river about 200 feet above the bridge. August 7, 1905, on
account of the bridge having been changed by the railroad, a chain length of 30.92 feet was
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established, which made the matimgs agree with the timber gage. The bench mark is the
top of the southwest corner of the concrete abutment on the left bank; elevation above gage
datum, 30.11 feet. The top of the gage pulley is 31.6 feet above the gage datum, which
is about 2,230 feet above sea level, as determined by hand level from the railroad station at
Medora, N. Dak.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, pp 70-71; 130, pp 146-147.

Discharge: 99, p 71; 130, p 147.

Discharge, monthly: 99, p 73; 130, p 149.

Gage heights: 99, pp 71-72; 130, pp 147-148.

Rating table: 99, p 72; 130, p 148.

Discharge measurements of Little Missouri River at'M edora, N. Dak., in 1905.

Date. Hydrographer. Width.| o0t 00 | eloctty. | heighi. | charge.
Ft. per

Feet. 8q. ft. sec. Feetf. Sec.-ft-
March26.......| E.F.Chandler...................... 59 130 .95 3.60 123
July 7......... Chandler and Richards.............. 183 1,026 4.19 8.45 4,302
July 8.oooniiifoann. 141 TP 180 959 4.73 8.08 4,539
Do........ E.F.Chandler ... ................. 180 966 4.27 8.13 4,124
DOccnnna. R.Richards. ... .................... 181 975 4.30 8.18 4,195
August6...... 143 456 2.75 5.96 1,256
August 7...... 135 398 2.61 5.61 1,038
August 24...... 88 173 1.55 4.01 269
October 16..... 74 186 .87 3.72 161
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Daily gage height, in feet, of Little Missouri River at Medora, N. Dak., for 1905.

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
7.2 3.3 2.6 3.2 9.8 5.8 3.5 4.0 3.6
7.0 3.2 2.6 3.2 10.2 5.6 3.5 4.0 5.1
6.5 3.2 2.6 3.1 9.8 6.8 3.4 4.0 5.0
6.5 3.2 2.6 8.7 7.6 7.2 3.4 4.0 4.8
6.3 3.2 2.6 9.4 8.8 7.3 3.4 4.0 5.0
5.4 3.2 2.6 8.5 9.2 6.4 6.0 5.0 4.9
4.2 3.2 2.6 9.3 8.6 5.1 5.6 5.0 4.7
4.1 3.2 2.6 8.2 8.2 6.0 5.0 5.0 4.4
4.0 3.1 2.8 7.3 7.9 6.1 4.7 4.9 4.2
4.0 3.1 2.9 6.1 7.4 5.9 4.5 4.8 4.0
4.0 3.0 3.5 6.0 7.2 5.5 4.3 4.6 3.8
4.0 3.0 3.5 5.8 7.2 5.1 4.1 4.4 3.6
4.0 3.0 3.8 5.2 6.7 4.9 4.0 4.2 3.6
4.0 3.0 3.8 6.3 6.0 4.3 4.0 4.0 3.5
3.9 3.0 3.7 5.8 5.3 4.0 4.0 4.0 3.5
3.9 2.9 3.6 6.4 5.0 8.8 3.8 4.0 3.5
3.9 2.9 3.6 5.4 4.7 4.0 3.6 3.9 3.5
3.9 2.9 3.6 5.1 4.5 4.2 3.4 3.8 3.5
3.8 2.9 3.6 4.6 5.2 4.0 3.4 3.8 3.4
3.8 2.8 3.6 6.6 8.8 3.8 3.2 3.7 3.4
3.8 2.8 3.6 7.8 8.5 3.7 3.0 3.6 3.4
3.7 2.8 3.5 7.9 8.3 3.7 3.0 3.6 3.4
3.6 2.7 3.5 9.2 8.8 3.7 2.8 3.6 3.4
3.6 2.7 3.5 8.2 9.0 3.7 2.8 3.5 3.4
3.6 2.6 3.4 8.6 7.9 3.7 2.6 3.4 3.4
3.5 2.6 3.3 7.0 7.3 3.7 2.6 3.6 3.4
3.5 2.6 3.3 6.8 7.2 3.6 2.5 3.4 3.4
3.5 2.6 3.3 6.6 7.0 3.6 2.4 3.4 3.4
3.4| 26| 32| 65| 77| 36| 45| 3.4 (...
3.4 2.6 3.2 6.3 6.1 3.5 4.0 [ 3%: 2 IO,

‘ 3.3 .. 3.2 eiieans 6.1 3.5 |eeennnnn 3.3 |cecrnnns

NoTE.—River frozen January 1 to February 28, during part of the time frozen to bottom in places,
the discharge being very small. Also frozen November 28 to December 31,
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Station rating table for Little Missouri River at M edorﬁ, N. Dak., from February 28 to Novem-

ber 28, 1905.

!
h(e}iz%?;. Discharge. ‘} hgiag%]et. Discharge. hgiég' ‘; Discharge. hgiz e;;. Discharge.

Feet. Sec.ft. i Feet. Sec.ft. Feet. Sec.ft. Feel. Sec.ft.
2.40 1.9 {  3.90 223 5.30 870 7.40 2,405
2.50 2.2 ‘ 4.00 260 5.40 925 7.60 2,600
2.60 2.7 4.10 298 5.50 980 7.80 2,805
2.70 3.3 4.20 338 5.60 1,035 8.00 3,015
2.80 4.1 4.30 380 5.70 1,095 8.20 3,230
2.90 5.2 4.40 421 5.80 1,155 8.40 3,450
3.00 6.8 4.50 470 5.90 1,215 8.60 3,675
3.10 9.8 4.60 520 6.00 1,280 8.80 3,905
3.20 15 4.70 570 6.20 1,410 9.00 4,140
3.30 29 4.80 620 6.40 1,555 9.20 4,380
3.40 54 4.90 670 6.60 1,710 9.40 4,620
3.50 85 5.00 720 6.80 1,870 9.60 4, 860
3.60 118 5.10 770 7.00 2,040 9.80 5,100
3.70 152 5.20 820 7.20 2,220 10.00 5,340
3.80 187

The above table is applicable only for open-channel conditions.

ments made during 1904-5, and is well defined between gage heights 3.2 feet and 6 feet. 1
extended beyond these limits, being based on three high-water measurements near 8 feet gage height.

Above 6 feet the table can be consi

ered as only approximarte,

It is based on discharge measure-
1t has been

Estimated monthly discharge of Little Missouri River at Medora, N. Dak., for 1905.a

[Drainage area, 5,785 @ square miles.]

Discharge in second-feet. Run-off.
Month. Total in
Second-feet :
Maximum.| Minimum. | Mean. acre-feet. per Igﬂgare ]?ggﬁ?sfn
Mareh. ... ..ooiiiiiiiiiiiiaiaaa. 2,220 29 167 28,720 0.081 0.093
April. oo 29 2.7 8.1 483 . 0014 . 0016
May. .o 187 2.7 60.5 3,720 .010 012
June........... .- 4,620 9.8 | 2,016 120, 000 .349 .389
July........... . 5,580 470 2,696 165, 800 .467 .538
August........ . 3,905 85 781 48, 020 .135 157
September... ... .............. 1,280 1.9 235 13,980 .041 .046
October......ocoeeomiaiiaiaaan. 720 29 271 16, 660 .047 .054
November 1-28. ... .............. 770 54 236 13,110 .041 .043
Theperiod. ... .oooieieaiifoaraeaneaaafereaeeeaaeaaloaenaeann 410,500 | «eeieiiraai|eaaaaaaan
a Revised since 1904 report.
KNIFE RIVER DRAINAGE BASIN.

KNIFE RIVER AT BRONCHO, N. DAK.

Knife River rises in the northeastern part of Billings County, N. Dak., flows southeast-
ward, then northeastward, and unites with the Missouri near Stanton, Mercer County,

N. Dak.

The gaging station was established May 29, 1903. 1Its first location was at a point about
600 feet east of H. M. Haven’s ranch house, where the Broncho post-office was situated at
that time, and about 23 miles north of Hebron, N. Dak., on the Northern Pacific Railway.
Owing to the abandonment of the Haven ranch and the removal of the post-office to the
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house of F. M. Smith, in the SE. } sec. 4, T. 142, R. 90 W., about 3 miles up the valley, the
location was abandoned and a new station was established at the ranch of Mr. Smith. As
no streams enter the river between the two points the run-off will be practically identical.

The channel is straight for 150 feet above the station and 400 feet below. Both banks
are high and grassy and not subject to overflow. .The bed of the stream is composed of firm
clay and silt and may scour a little, but does not shift. The current at the cable is sluggish
except at high stages.

Discharge measurements are made by means of a cable and car. The initial point for
soundings is at the cable support on the right bank. Distances from the initial point are
determined by a tagged line of heavy telegraph wires. Low-water measurements are made
by wading a few rods below the gage.

The gage, which was read during 1905 by Sara J. Smith, is of the standard chain type,
mounted on a projecting timber extending horizontally out over the water and substan-
tially braced and guyed. The length of the chain is 32.65 feet. The distance from the
center of the gage pulley to the zero of the scale is 11.7 feet, and the diameter of the pulley
is 0.22 foot. The elevation of the center of the pulley, referred to the gage datum, is 20.86
feet, while that of the horizontal gage scale timber at the shore end is 21.03 feet. Supple-
mentary to the chain gage are two rod gages driven into the left bank about 75 feet down-
stream from the chain gage, consisting of timbers braced to posts in the bank. The lower
section reads from 2.6 to 9 feet; the upper reads from 9 to 13.9 feet. The chain gage is
referred to bench marks as follows: (1) A cross on the top of a gray granite bowlder 1 foot
in diameter, set flush with the ground in the line of the gage timber prolonged 5 feet behind
the inner end of same; elevation above the zero of the gage, 21.15 feet. (2) A horizontal
line of five nails driven into a joint of the stone foundation of the observer’s house, 3 inches
from the southeast corner; elevation above the gage datum, 31.25 feet.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, p 68; 130, pp 149-150.

Discharge: 99, p 69; 130, p 150.

- Discharge, monthly: 99, p 70.

Gage heights: 99, p 69; 130, p 150.
Rating table: 99, p 70.

Discharge measuremenis of Knife River at Broncho, N. Dak., in 1905.

Date. Hydrographer. wiath.| S00 0 | elootty. | heiebs. | charge.
Ft. per
Feet. 8q. ft. sec. Feet. Sec.-ft.
March 23......| E. F. Chandler........ Areemeenaeaany 10 8.6 2.12 3.89 18
July3......... Chandler and Richards.............. 10 8.4 1.16 3.60 9.8
July 5. ... . ..... [ Lo 52 261 2.42 7.51 632
July 5 ... ... 5 1 N 47 233 2.09 6.92 486
Augusts...... R.Richards...cccemeinoeimoeannnnnn. 32 40 1.09 4.05 4
August 26.....[..... 6 1 2 11 2.9 .70 3.35 2
October 17 ....{..._. s (o R 9 6.3 .50 3.37 3.1

NoTE.—Measurements made at different sections.
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Daily gage height, in feet, of Knife River at Broncho, N. Dak., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.

| B IO 3.7 3.4 3.5 3.6 3.35| 3.2 3.45 3.3
O SR 3.7 3.4 3.45 | 3.6 3.4 3.2 3.3 3.3
SN SO 3.65 | 3.4 3.4 3.6 5.8 3.2 3.35 3.4
3.65| 3.42| 3.8 3.6 4.2 3.2 3.4 3.4

36 | 36 | 61 72 | 39| 315 33 3.4

3.6 3.6 4.4 6.5 | 3.65| 3.1 3.4 3.4

3.6 3.6 7.4 4.8 3.6 3.1 33 | 3.4

3.6 3.6 6.5 1.4 3.6 3.1 3.3 3.4

3.55 1 3.6 6.0 4.2 | 35 3.2 3.3 3.45

| 355 3.8 4.65 | 4.1 | 3.45| 3.2 . 3.3 3.45

T 3551 3.7 4.3 3.9 3.45| 3.2 3.3 3.4

352! 3.9 | 415] 395 3.45] 3.2 ‘ 3.3 3.4

3.5 3.8 1.1 3.9 sy 3.2 | 3.3 3.4

3.5 3.8 3.9 3.85 | 3.5 3.3 3.3 3.4

3.5 3.8 3.9 3.7 3.5 3.25. 3.3 3.5
3.5 3.7 3.9 3.9 3.5 325 | 3.3 3.4
3.5 3.7 3.9 5.0 3.5 3.2 I 335 3.4
3.5 3.65 | 4.1 4.4 3.45, 32| 3.3 3.4
3.5 3.6 4.1 4.0 3.45 3.3 3.35 3.4

3.45 3.6 4.0 3.9 3.4 ‘ 3.4 3.3 3.4
3.45 3.55 4.05 3.8 3.4 3.3 3.3 3.4
3.4 3.5 4.15 3.8 3.3 3.2 3.3 3.4
3.4 3.5 4.0 3.6 3.3 3.4 3.3 3.4
3.4 3.55 3.9 3.6 3.3 3.2 3.3 3.4
3.4 3.5 3.8 3.53 3.3 3.3 3.3 3.4
3.4 3.45 3.7 3.5 3.25 3.256 3.3 3.4

3.4 3.45 3.7 3.5 3.25 3.25 3.3 |oeean..
3.4 3.4 3.7 3.5 3.25 3.25 3.3 |......
3.4 3.5 3.6 3.45 3.25 3.25 3.3 feeeean..
3.4 3.55 3.6 3.45 3.2 3.4 3.3 [eene...
........ 8.65 |........| 3.4 3.2 |ooooooodl 83 eeao....

Norte.—River frozen over November 27.
HEART RIVER DRAINAGE BASIN.
'HEART RIVER NEAR RICHARDTON, N. DAK.

Heart River rises in eastern Billings County, N. Dak., flows eastward and southeastward
for about 100 miles by general course, then turns abruptly to the north and northeast and
enters the Missouri near Bismarck, N. Dak.

The gaging station was established May 18, 1903. It is located at the iron highway
bridge 10 miles south of the Northern Pacific Railway station at Richardton, N. Dak.

The channel is straight for 150 feet above and below the station. .Both banks are high
and covered with brush. The bed of the stream is sandy and shifting. The velocity of the
current is moderate. ’ .

Discharge measurements are made from the bridge to which the gage is attached. The
initial point for soundings is the end of the guard rail on the lower side of the bridge, at the
left bank.

A standard chain gage, which was read once each day during 1905 by W. F. Church, is
located on the lower side of the bridge. The length of the chain is 24.34 feet. The gage is
referred to bench marks as follows: (1) The top of the foot-guard rail at a distance of 45 feet
from the initial point for soundings; elevation above gage datum, 25.58 feet. (2) On top .
of the iron flanges around the top of the downstream eastern edge of the concrete iron pier
on the lower side of the bridge, on the left bank; elevation above gage datum, 24.79 feet.
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The top of the gage pulley has the same elevation as bench mark No. 1. Gage datum is
2,150 feet above sea level, as determined by carrying an aneroid barometer six times between
this point and the railroad station at Richardton.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, p 66; 130, p 151.

Discharge: 99, p 66; 130, p 151.

Discharge, monthly: 99, p 68; 130, p 153.

Gage heights: 99, p 67; 130, p 152.
Rating table: 99, p 67; 130, p 152.

Discharge measurements of Heart River near Richardton, N. Dak., in 1905.

Date. Hyarorapher. | wWiaw.| Aol | Mean | coger | bie
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.

March25...... 36 24 0.70 4.64 17

July 7. ........ 66 203 1.60 6.88 325
August 8. ... 15.5 6.6 .75 4.24 5.0
August 24. ... .. 4.6 1.3 .64 4.00 .9
October 16..... 7.0 4.5 .64 4.14 2.9

v

NoTe.—Measurements made at different sections.
Daily gage height, in feet, of Heart River near Richardton, N. Dak., for 1905.

Day. ‘ Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
6.6 4.5 4.1 4.2 4.4 4.3 3.8 4.1 4.2
7.25 | 4.5 4.1 4.2 4.4 4.3 3.8 4.1 4.2
6.8 4.5 4.1 4.2 4.4 4.3 3.8 4.1 4.2
6.1 4.4 4.2 4.2 4.4 4.3 3.8 3.9 4.2

6.1 4.4 4.3 6.7 9.1 4.3 3.8 3.9 4.2
6.1 4.4 4.3 5.4 9.1 4.3 3.8 3.9 4.2
5.6 4.3 4.3 5.1 7.4 4.3 3.8 3.9 4.3
5.5 4.3 4.3 5.5 6.2 | 4.2 3.8 3.9 4.3
5.5 4.3 4.3 5.7 5.6 4.2 3.8 4.2 4.3
5.5 4.3 4.4 5.1 5.3 4.2 3.8 4.3 4.3
5.5 4.3 4.4 4.9 5.1 4.2 3.8 43 4.3
5.4 4.3 4.4 4.9 5.0 4.2 3.8 4.2 4.3
5.1 4.3 4.3 4.7 4.9 4.2 3.8 4.2 4.3
5.0 4.3 4.3 4.6 4.8 4.2 3.8 4.1 4.3
4.9 4.3 4.3 4.6 5.55 4.2 3.8 4.1 4.3
4.9 4.3 4.3 4.5 7.05 4.2 3.8 4.1 4.3
4.8 4.2 4.3 4.5 6.6 4.1 3.8 4.0 4.3
4.8 4.2 4.3 4.6 6.0 4.1 3.8 4.0 4.3
4.8 4.2 4.3 4.7 5.7 4.1 3.8 4.0 4.3
4.8 4.2 4.3 4.7 5.0 4.1 4.5 4.0 4.4
4.7 4.2 4.3 4.6 5.1 4.1 4.5 4.0 4.4
4.7 4.2 4.3 4.6 4.6 4.0 4.4 4.0 4.4
4.7 4.2 4.3 4.7 4.6 4.0 4.3 4.0 4.4
4.6 4.2 4:3 4.8 4.6 4.0 4.3 4.0 ........
4.6 4.2 4.3 4.7 4.5 4.0 4.3 4.1 ...
4.6 4.2 4.3 4.7 4.5 4.0 4.2 4.1 ...,
4.6 4.2 4.3 4.6 4.5 4.0 4.2 4.1 ...
4.6 4.1 4.2 4.5 4.4 4.0 4.1 4.1
4.5 4.1 4.2 4.5 4.4 3.9 4.1 4.2
4.5 4.1 4.2 4.4 4.4 3.9 4.1 4.2
4.5 |........ 4.2 [ooaoen 4.4 3.9 feeennnan 4.2

Nore.—~River frozen January 1 to February 26 and November 24 to December 31..
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Station rating table for Heart River near Richardton, N. Dak., from Marck 1 to November

23, 1905.
hgiz%;%. Discharge. hg‘;%% Discharge. hgiz%et.' Discharge. hgiz ¢ | Discharge.

3.90 0.5 5.00 42 6.10 187 7.40 430
4.00 1 5.10 51 6.20 204 7.60 471
4.10 2 5.20 61 6.30 221 7.80 513
4,20 4 5.30 72 6.40 238 8.00 556
4.30 6 5.40 84 6.50 256 8.20 600
4.40 9 5.50 97 2.60 274 8.40 645
4.50 12 5.60 110 6.70 292 8.60 692
4.60 16 5.70 124 6.80 310 8.80 740
4.70 21 5.80 139 6.90 330 - 9.00 788
4.80 27 5.90 155 7.00 350

4.90 34 6.00 171 7.20 390

The above table is applicable only for open-channel conditions. Itis based on five discharge meas-
urements made during 1905 and one high-water measurement during 1904. It is well defined between
gage heights 4 feet and 5 feet, and has been extended beyond these limits, being based on one measure-
ment at 6.9 feet and one at 11 feet. Above 7 feet the estimate can be considered only approximate.

Estimated monthly discharge of Heart. River near Richardton, N. Dak., for 1905.

[Drainage area, 1,250 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. Second-feet :
Maximum.| Minimum. | Mean. | 2eTe-feet. | o square Diggﬁgsm

mile. -
March. .. .....ooooiinnn.. 400 12 83.1 5,110 0.066 0.076
Aprilo oo 12 2 5.8 345 .0046 .0051
MaY..ooeeiieiiaaaaaaa, PR 9 2 5.6 344 .0045 .0052

JUNB. i ieiiiiieiiinaaas 292 4 36.3 2,160 .029 .032

JUY e oot 812 9 125 7,686 .100 115
August. ... 6 .5 3.1 191 0025 . 0029
September..........ccciinei. 12 . .0 2.2 131 L0017 .0019
(0701741 73 SO 6 .5 2.2 135 .0017 .0020
November 1-23. ... ....ooemnnnn.. 9 4 6.0 274 .0048 . 0041
Theperiod.....ocoomoiiiifoaimmanaaiiloneanmnneidoeaiainns 16,880 foevnniiiiii e




MISSOURI RIVER DRAINAGE.

APPLE CREEK DRAINAGE BASIN,

APPLE CREEK NEAR BISMARCK, N. DAK.

188

A temporary station was established on Apple Creek 6 miles east of Bismarck, N. Dak.,
at the bridge on the township line between sec. 3, T. 138, and see. 34, T. 139. The gage
was read by William S. Hedges.

Discharge measurements of Apple €reek near Bismarck, N. Dak., in 1905.

Date. Hydrographer. Width.| At 00 | eoty. | boeht. | charge.
Ft. per
Feet. Sq. ft. sec. Feet. Sec.—ft.
March2 _._.... Walter Skelton...................... 16 10.8 0.99 3.20 10.7
March6 .......[..... [ L 27 95 2.12 6.10 200
March8 .. .....|..... 6 S 21 - 8 2.10 5.50 159
March2f ..... PO [« T T 9.5 15.3 1.02 1.05 15.8
Aprils.. . ... ...... Ao 8.5 13.6 1.12 .90 15.2
April19... .. ..} ... [ Lo PO 6 7.0 .94 .35 6.6
May29 .. .....|..... do. ..l S 6 7.3 .80 .50 5.8
June6.........|..... & 1 T 18 52 1.19 2.90 62
June7.........|..... s T . 18 38 1.06 2.30 40
June9......... JR (o T 35 159 1.53 6.65 243
June10.......7..... AOu e 24 90 1.4 4.60 130
Daily gage height, in feet, of Apple Creek near Bismarck, N. Dak., for 1905.
Day. Feb. |Mar. | Apr. | May.| June. Day. Feb. | Mar. | Apr. | May. | June.
3.4 095 0305 || 17...coooiiifiile. 26 | .3 | 10| L5
3.4 .8 3.5 ) £ SR R 2.4 .3 1.0 1.4
3.45| .8 31 .5 b Lt J R [ 2.3 .35 .9 1.4
3750 .95 .3 .5 120 eoooiiiiiiiieiias 2.2 | .3 7| L3
4.4 .9 412,45 |20 2.15| .3 .6 1.3
6.05| 9 | .3|205 |22 e, 3| 6| s
6.45 | .8 B235 ) 28 .3 .6 1.3
5.7 W7 23 (8.45 {24 iiiiiiiiiii e 1.05( .3 .6 1.3
5.4 .7 4659125, .. e 1.1 .3 .6 1.3
5.2 .6 51 4.6 . SR PR 1.1 .3 .5 1.4
4.0 .5 .61]4.8 b7 R 3.411.1 .3 .5 1.4
3.7 .5 .714.0 2. 3.4 |11 21 .5 2.1
3.2 .5 7120 - ¢ SRR 1.05( .2 I 20 R,
30 | 5| 8| L5 [80iiiiiiii e Lo | .2
2.8 .5 9| L5 23 VRN R, 10 f...... I 20 P
2.6 .4 1.0} L5

NortE.—Flow commenced February 27.

Estimated monthly discharge of Apple Creek near Bismarck, N. Dak., for 1905.

Month. Discharge in second-feet. Total in

Maximum. | Minimum. | Mean, | 2ere-feet.
MATCR. . . e et 307 10 54.7 3,363
¥ ¢ 1 15 5 8.8 524
B £ 16 5 9.0 553
June 1-21. .o e 24 6 50.0 2,082

Note.—These estimates are only approximate,
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CANNON BALL RIVER DRAINAGE BASIN.
CANNON BALL RIVER AT STEVENSON, N. DAK.

Cannon Ball River is formed by two chief branches—North and South forks. North
Fork rises in White Butte, in southern Billings County, N. Dak., flows northeastward for
about 20 miles and then turns abruptly to the southeast; South Fork rises in Whetstone
Butte, in the western part of Hettinger County, runs southeastward for approximately 40
miles and then turns northeastward; the two streams unite about 5 miles south of Three
Buttes, in south-central Morton County, whence the main stream flows to the north and
east, entering the Missouri about 25 miles southeast of Bismarck, N. Dak.

The gaging station was established June 10, 1903. It is located one-half mile west-north-
west of the post-office at Stevenson, in sec. 20, T. 133 N., R. 82 W., and about 40 miles
south of Mandan, N. Dak.

The channel is straight for 100 feet above the station and 400 feet below. The right bank
is'low, slopes gradually up from the water’s edge, and is covered with timber and brush; the
left bank is steep and about 25 feet high. The bed of the stream consists of clay, soft mud,
and loose stones, and probably shifts somewhat. The depth varies from 2 to 5 feet at low
stages. The current velocity is ordinarily sluggish.

Discharge measurements are made from a car and cable about 200 feet above the gage.
A tagged wire is stretched above the cable. The initial point for soundings is a point 2 feet
back from the cable support on the left bank.

The gage, which was read during 1905 by Donald Stevenson, is of the chain type and was
put in June 30, 1905, to replace the old gage, which was in bad condition. The new gage
has a chain length of 21.76 feet. The gage is supported by four solidly set posts on top of
which is a horizontal timber, and is well braced and guyed. The pulley diameter is 0.31
foot and the distance from its center to the zero of the scale is 5.57 feet. The elevation of the
highest point (marked with a cross), which is near the east corner of the flat top of a large
granite rock, 4 by 9 feet, rising out of a pool to the right of its middle a few feet below the
gage, is 4.84 feet above gage datum. The datum of the gage is about 1,700 feet above sea
level, as. determined by carrying an aneroid barometer six times between this station and
Mandan, N. Dak.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, p 64; 130, pp 153-154.

Discharge: 99, p 65; 130, p 154.
Gage heights, 99, p 65; 130; p 154-155.

Discharge measurements of Cannon Ball River at Stevenson, N. Dak., in 1905.

T -
Date. Hydrographer. Width. ;Aeﬁ?’ogf. Vé%)?il?y. hgig et. clglr%g‘e.
Ft. per
Feet. | Sq.ft. sec. Feet. Sec.-ft.
March 28._.... 114 168 0.59 3.56 99
June29a.__._._ 40 56 2.19 3.45 123
June 30e ...... 68 132 .87 3.49 114
Auvugust 3e .. _. 68 120 85 3.52 102 -
August 28a.. .. 38 32 .62 2.88 20
August 29a __.. 34 21 .92 2.85 19
October 17a ... 14 9.6 50 2.61 4.8

e Made by wading.
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Daily gage height, in feet, of Cannon Ball River at Stevenson, N. Dak., for 1905.

Day. Feb. | Mar. | AApr. | May. | June. | July. | Aug. | Sept. | Oet. Nov. -
-
7.4 3.7 2.8 2.5 3.5 3.0 2.9 2.0 LX)
7.2 3.5 2.9 2.7 3.5 3.3 2.9 18 3.0:
7.0 3.5 3.2 2.8 3.5 3.5 2.7 1.8 3.1
6.9 3.4 4.1 2.8 4.1 3.2 2.7 1.9 3.2
6.2 3.3 5.2 6.2 4.3 3.8 2.6 1.9 3.2
6.2 3.3 5.7 6.2 4.5 3.3 2.5 1.9 3.2
6.0 3.3 5.7 6.1 4.8 3.0 2.5 1.9 3.1
3.9 3.2 5.6 7.1 5.2 2.8 2.4 1.5 3.1
4.0 3.2 5.1 6.5 4.7 2.6 2.3 1.5 2.9
4.1 3.2 4.8 3.6 4.5 2.6 2.6 1.5 2.7
4.2 3.1 4.8 3.5 43| 2.4 2.6 1.3 2.7
4.2 3.1 4.3 3.5 5.2 2.6 2.5 1.0 2.7
4.2 3.2 3.8 3.2 5.0 2.6 2.3 .8 2.7
4.1 3.2 3.6 2.9 4.5 2.7 2.3 .8 2.8
4.1 3.3 3.3 2.9 4.4 2.7 2.5 .8 2.8
3.9 3.1 3.3 2.8 4.6 2.8 2.6 2.4 2.8
3.9 3.1 3.2 2.6 5.3 2.9 2.8 2.6 2.9
3.7 3.0 3.2 2.6 5.0 2.9 2.8 2.6 2.9
3.7 3.0 3.0 2.4 4.7 3.9 2.7 2.6 2.9
3.7 3.0 3.0 2.4 4.7 3.9 2.7 2.7 2.9
3.8 2.9 3.0 2.9 3.5 3.8 25 2.7 2.8
4.0 2.8 3.1 2.9 3.3 3.8 2.5 2.8 2.9
3.7 2.8 3.1 3.9 3.5 4.0 2.6 2.8 2.9
3.5 2.8 2.9 3.8 3.4 4.0 2.4 2.9 3.0
3.4 2.7 2.8 3.4 3.2 3.8 2.4 2.9 3.0
3.5 2.7 2.6 3.3 3.2 2.9 2.3 2.8 | ...
3.4 2.7 2.6 3.3 3.0 3.0 2.2 2.8 |ooien.
3.6 2.6 2.6 2.6 3.0 3.2 2.2 2.7
36| 28 2.5 2.9 2.8 3.2 2.0 2.8|..
3.7 2.8 2.5 3.5 2.8 3.1 2.0 2.8..
3.8 e, 2.5 ... 3.0 3.0 |........ 2.9

NoTE.—River frozen November 26.

GRAND RIVER DRAINAGE BASIN.
GRAND RIVER AT SEIM, S. DAK.

Grand River is formed by North and South forks, which rise in the hills of northwestern
South Dakota and unite at Seim, whence the main stream flows eastward to its point of
junction with the Missouri. The country drained is gently rolling and the soil is a sandy
loam.  There is very little land under cultivation. The only timber is along the banks of
the river and its few tributaries. The main floods oceur in March, May, June, and July.

The gaging station was established June 6, 1904. It is located just below the junction
of North and South forks, about 800 feet east of the store at Seim. The channel is curved
for about 200 feet above and 300 feet below the station. The right bank is low, somewhat
wooded with scattered trees, and is subject to overflow; the left bank is high and clean and
does not overflow. The bed is composed of sand and gravel and is free from vegetation
and permanent. There is but one channel at high water, but during low stages there are
three channels above the gage and one channel below. The current is swift. The flow
ceases for a month or more in August and September. Gage heights range from 1.5 to 10
feet.

Discharge measurements are made by wading near the gage or, during high water, by
floats. The initial point for soundings is the 3-foot mark of the gage.
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The gage, which was read during 1905 once each day by James McGee, is inclined and
in two sections. It is fastened to a tree and to posts set in the left bank. The gage is
referred to bench marks as follows: (1) A railroad spike in the tree to which the upper sec-
tion of the gage is attached; elevation, 9.10 feet above the zero of the gage. (2) A railroad
spike driven into a cottonwood tree 125 feet from the left bank, opposite the gage; elev-
tion, 14.08 feet above the zero of the gage.

A description of this station, with gage height and discharge data, is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 155-156.

Discharge measurements of Grand River at Seim, 8. Dak., in 1905.

Date. Hydrographer. Width.| 080 | voloeity. | helgnt. | charge.
Ft. per
Feet. Sq. ft. sec. Feet. Sec.-ft.
Mayl......... H. D. Comstoek. .........c..oueennne 18 5.4 1.07 1.64 5.8
Mayl.........feooo. o R 18 6.0 1.05 1.64 6.3
July 16 . .......|..... [ L 56 57.0 2.21 2.45 126
August21..... Sfevens and Comstock . ............. 50 38.0 1.53 2.09 58

Daily gage height, in feet, of Grand River at Seim, 8. Dak., for 1905.

Day. . Apr. | May. | June. | July. | Aug. Oct. | Nov.
1.7 2.0 2.2 2.1 |........ 1.7
L7 2.0 2.2 2.0 |oeoos 1.7
2.0 2.0 4.0 2.0 |ooonnnn. 1.6
3.0 2.0 3.6 2.1 1.8 1.6
3.0 2.0 3.5 2.1 1.8 L6
2.8 2.6 3.0 2.0 L7 1.6
1.6 2.6 2.7 1.9 1.6 1.7
1.6 2.5 2.5 1.9 1.6 1.7
1.6 9.4 2.5 1.8 1.6 1.6
1.6 3.2 2.4 1.8 1.6 1.6
1.6 3.2 2.4 1.8 1.6 1.6
1.6 3.2 2.2 1.8 1.6 1.6

1.6 3.6 2.2 1.8 16| (9
1.5 3.6 22 1.8 I IO
L5 3.6 2.1 1.8 1.6 |oeuen.n.

1.5 3.6 2.4 1.8 1.7 1.7
1.5 .3.6 2.5 4.5 1.7 1.6
L5 4.0 2.6 32 1.7 1.7
L5 4.9 2.6 2.6 | 1.6 1.6
L5 4.6 2.8 2.3 1.6 1.6
1.6 4.5 2.9 2.3 L7 1.6
L7 3.0 2.7 2.0 1.7 1.7
1.7 2.8 2.5 1.8 1.7 1.6

2.0 2.5 2.3 1.6 L7 ...,
2.0 2.5 2.3 1.6 1.6 |........
1.8 2.5 2.3 1.6 16 |.coe....
1.8 2.4 2.2 1.6 1.6 |........
1.8 2.4 2.1 1.6 1.6 |........

1.9 2.2 2.6 (@) L7 ooo..
1.9 2.2 2.4 h.oenn... ) B O
2.0 f..e..... 2.1 ... L8 |.......

e No flow; water standing in pools, August 29 to October 3, and November 13 to 15, inclusive.
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Station rating table for Grand River at Seim, S. Dak., from June 6, 190}, to November 30, 1905.

h(giaé %. Discharge. hgiz %‘ Discharge. hgig ‘%_ Discharge. hgiz%s;. Discharge.

Feet. Sec.-ft. Feel. Sec.-ft. Feet. Sec.-fi. Feet. Sec.-ft.
1.50 1 2.10 60 2.70 190 3.30 388
1.60 4 2.20 76 2.80 219 3.40 424
1.70 10 2.30 94 2.90 250 3.50 461
1.80 20 2.40 115 3.00 283
1.90 32 2.50 138 3.10 317
2.00 45 2.60 163 3.20 352

The above table is applicable only for open-channel conditions. It is based on six discharge measure-
ments made during 1904-5, and is well defined between gage heights 1.5 feet and 3.5 feet. The discharge
above 3.5 feet is only approximate.

Estimated monthly discharge of Grand River near Seim, 8. Dak., for 190}.

Discharge in second-feet. 5
Month. Total in
Maximum. | Minimum. | Mean, | 2cre-feet.
June 6-30. . .o ceciaiiaaaa. 669 60 168 8,331
July 1-20. . o et 60 0 40.2 1,595

NotE.—Dry after July 20.

Estimated monthly discharge of Grand River at Seim, 8. Dak., for 1905.

Discharge in second-feet. .

Month. Total in

Maximum. | Minimum. | Mean. | 8cre-feet.
ATl 2-30. L i 45 10 22.2 1,277
L 283 <« 1 37.7 2,318
JUNe. et arrreaeaaaas 3,500 45 423 25,170
60 167 10,270
4 79.9 4,913
4 7.9 439
4 6.1 242
...................... 44,630

NoTE.—No flow August 29 to October 3 and November 13 to 15, inclusive. Water standing in pools.

MOREAU RIVER DRAINAGE BASIN.
MOREAU RIVER AT BIXBY, S. DAK.

Moreau River rises near the western boundary of South Dakota and flows eastward into
the Missouri. The country drained is high and rolling and the soil is a sandy loam. There
is very little land under cultivation. There is no timber except along the banks of the river
and its tributaries, of which the chief are North and South Forks, Rabbit Creek, and Thun-
der Butte Creek. The principal floods occur in March, May, June, and July.

The gaging station was established June 4, 1904. It is located onefourth mile southeast
of Bixby, S. Dak., in T. 14 N., R. 13 E., about 1,000 feet below the ford.

The channel is straight for 1,000 feet above and below the gage. The left bank is high
and clean and does not overflow; the right bank is timbered and is liable to overflow
in extremely high water. The bed of the stream is composed of sandstone, contains
much clay and fine sand, and is free from vegetation and permanent. There is but one
channel at all stages.. The current is swift at high water, but becomes sluggish at low water.

K4
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Gage heights range from 1 to 10 feet. The river is frozen from about December 1 to March
10, and observations are discontinued during that period.

High-water measurements are made by means of a car and cable 200 feet above the gage.
The initial point for soundings is the right cable support. The cable is marked at 10-foot
intervals with red paint. Low-water measurements are made by wading 100 feet below the
gage.

A staff gage, which was read once each day during 1905 by J. A. Hudgins, is driven in an-
inclined position into the bed of the stream and is firmly spiked to two small trees on the
right bank. In order that the gage heights may be read during floods, a second section is
attached to a large cottonwood tree 50 feet from the bank. The gage is referred to bench
marks as follows: (1) A railroad spike driven into the base of a cottonwood tree 75 feet from
the gage on the right bank; elevation, 13.98 feet above the zero of the gage. (2) A railroad
spike driven into the base of a cottonwood tree 100 feet from the gage and 75 feet down-
stream from the first bench mark; elevation, 13.95 feet above the zero of the gage.

A description of this station, with gage height and discharge data, is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 156-159, 192.

Discharge measurements of Moreau River at Bixby, S. Dak., in 1905.

Date. ‘ Hydrographer. Wjdth“[ ﬁeﬁ;?o?:f. | v.?ldoecairtly. ’ hgiag"}gﬁ:. ch]gi‘sge.
R T B
| | Ft.per
Feet. Sq.ft. | sec. | Feet. Sec.-ft.
April 28a.. ... H. D. Comstock..................... 32 4.8,  0.96 ! 1.35 4.6
May3e........|..... 8| 1 | L67] 2.10( 127
May50........ 8| 124 . 200 } 2.60 249
May6......... 82 211 \ 3.100  3.54 654
May6.........l..... 82 228 | 3.16 3.72 721
May 7..oooonin|oenn 90 300 3.90 4.47 | 1,170
May Teemeenennn. 91 331 412 4.8 | 1,365
July 15@ 86 140 2.17 2.91 304
July 176.. ... |=... 91 191 2.56 3.32 489
August 19 4 212 2.78 3.65 589

a Made 100 feet below cable.
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Daily gage height, in feet, of Moreau River at Bixby, S. Dak., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
L5 1.3 1.5 1.7 1.7 4.6 1.5 1.7
1.5 1.4 1.6 2.1 16 3.5 1.5 1.7
15 2.1 2.0 6.1 1.55 2.4 1.5 1.6
) PR 1.5 2.5 1.8 5.3 1.5 2.0 1.5 1.6
2 1.4 2.65 1.6 4.1 1.5 1.8 1.5 1.6 °
2N O 1.4 3.7 1.5 2.8 1.5 L71 145 1.6
O I 1.4 4.6 1.5 2.35 1.5 1.6 1.45 1.6
1.4 3.4 1.5 2.0 1.5 1.6 1.5 1.6
1.3 3.0 1.5 1.9 1.5 1.6 1.5 1.6
1.35 2.8 1.45 1.8 1.4 1.6 1.5 1.6
1.4 2.5 1.45 1.7 1.4 1.6 1.5 1.6
1.4 2.15 1.4 1.6 1.4 1.6 1.5 1.6
1.4 19 1.4 6.9 1.6 1.6 1.5 1.6
1.4 1.9 1.5 3.9 1.5 1.6 1.5 1.6
1.4 1.85 1.9 2.5 1.5 1.6 1.5 1.6
L5 1.7 2.9 2.4 4.8 1.6 1.5 1.6
1.5 1.6 3.0 3.3 7.0 1.5 1.5 1.6
L5 1.5 6.75 2.5 5.5 1.5 1.5 1.6
1.7 1.5 6.4 3.3 3.7 1.5 1.7 1.6
1.7 L5 4.8 3.1 2.8 1.5 1.7 1.6
1.5 L5 3.4 2.15 2.0 1.5 1.7 1.6
1.5 1.5 3.0 1.9 1.8 1.5 1.7 16
1.5 1.4 2.15 1.8 1.6 1.5 1.7 1.6
1.4 1.4 2.0 1.7 1.6 1.5 1.7 1.6
1.4 1.4 1.9 1.7 1.6 1.5 1.7 1.6
1.4 1.4 1.85 1.7 1.6 1.5 L7 ...,
1.3 1.4 2.0 2.5 1.6 1.5 1.7 |......
1.35 1.4 1.9 2.25 1.5 1.5 L7 ...
1.3 1.45 1.85 1.9 1.5 1.5 1.85 |eennnen
1.3 1.45 1.6 1.8 1.5 1.5 175 ...,
........ 1.4 ... .. 1.75 6.4 |........ 1.7 Jrmenneee
Station rating table for Moreau River at Bixby, 8. Dak., from March 1} to November25 , 1905.
hgi; Pi' Discharge. hgz %_ Discharge. hgiag ?;. Discharge. hg};%l Discharge.
Feet. Sec.ft. Feet. Sec.ft. Feet. Sec-ft. Feet. Sec.ft.
1.30 0 2.30 158 3.30 490 4.20 958
1.40 5 2.40 184 3.40 534 4.30 1,020
1.50 12 2.50 211 3.50 580 4.40 1,084
1.60 23 2.60 240 3.60 628 4.50 1,151
1.70 37 2.70 271 3.70 678 4.60 1,220
1.80 53 2.80 303 3.80 730 4.70 1,292
1.90 71 2.90 337 3.90 784 4.80 1,366
2.00 91 3.00 372 4.00 840 4.90 1,442
2.10 112 3.10 409 4.10 898 5.00 1,520
2.20 134 3.20 448

The above table is applicable only for open-channel conditions. It is based on 15 discharge measure-
ments made during 1904-5, and is well defined between gage heights 1.3 feet and 5 feet. Above 5 feet the
discharge is approximate.

1RR 172—06—10
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Estimated monthly discharge of Moreaw River at Bixby, 8. Dak., for 1905.

- [Drainage area, 1,600 square miles.]

Discharge in second-feet. Run-off.
T Total in
Month, Second-feet :
Maximum.| Minimum. | Mean acre-feet, per square ]ijr?glfgsm
mile. .
March 14-31. ... .. ............ 12 8 11.1 398 0.0069 0. 0046
April. .l 37 0 8.6 512 . 0054 . 0060
B £ 1,220 0 142 8,731 .089 .103
June......oaiiiiiiiiioil 3,044 5 323 19,220 .202 .225
JUly. o 3,196 23 415 25,520 .259 .299
Auguost. ...l 3,300 5 348 21,400 .218 .251
September...........co.oooiao.. 1,220 12 85.4 5,082 .053 . 059
October. ..ol 62 8 23.3 1,433 .015 .017
November 1-25_. .. .............. 37 23 24.1 1,195 .015 .014
Theperiod. . ..c.oeeoeoo o i it 83,490 | cceriiafaieaiaaans

CHEYENNE RIVER DRAINAGE BASIN.
DESCRIPTION OF BASIN.

Cheyenne River rises in the eastern part of Wyoming, flows eastward around the southern
border of the Black Hills, turns to the northeast, and unites with the Missouri in the central
part of South Dakota. It drains a long narrow valley bordered by high table-lands and
occasional low flats containing a few thousand acres each. In the Black Hills region, where
many of the tributaries rise, extensive forests occur, and there is also considerable timber
along the main stream. The soil is partly a sandy loam and partly gumbo, and there are
many cultivated tracts. )

The principal tributaries are Beaver and Hat creeks, Fall River, Battle, Spring, Rapid,
and Boxelder creeks, Belle Fourche River, and Sulphur Creek. The chief tributaries of the
Belle Fourche are Redwater River and Whitewood Creek, and the Redwater has one large
tributary, Spearfish Creek.

The rainfall varies from 21 inches in the Black Hillsregion to 12 incheson the prairies. The
main floods oceur in March, May, June, and July. Many of the streams rising in the Black
Hills are fed to a large extent by springs. Fall River, in particular, gets much of its water
from hot springs and mineral springs. '

There is considerable power development on the Black Hills tributaries, especially on
Rapid and Whitewood creeks. Some water is diverted for irrigation from practically all the
tributaries, and work is now in progress on the Belle Fourche project by the United States
Reclamation Service, which proposes to divert and store nearly all the flow of the Belle
Fourche at the town of Belle Fourche and to irrigate about 90,000 acres.

Information in regard to this basin is contained in the annual reports of the reclamation
service and in the Fourth Annual Report of the United States Geological Survey, Part 1V,
pages 251-253.
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CHEYENNE RIVER AT EDGEMONT, S. DAXK.

This station was established June 19, 1903. It is located at the highway bridge just
downstream from the Chicago, Burlington and Quincy Railway bridge, in the SE. } sec. 36,
T. 8 8., R. 2 E., just above the mouth of Cottonwood Creek.

The channel is straight above and below the station. The right bank is high and clean
and does not overflow; the left bank is low, has a few scattered trees, and is liable to over-
flow. The bed of the stream is sandy and shifting. There is usually but one channel.
The velocity is sluggish at low water. Gage heights range from 1 to 11 feet. The river is
frozen from about December 1 to March 10.

Discharge measurements are made from the highway bridge. The initial point for sound-
ings is a brass-headed tack surrounded by similar tacks in the first post of the lower hand
rail on the south end of the bridge.

During 1905 the gage was read once each day by Hubert Wiedenfeld. The standard
chain gage, installed May 17, 1905, is bolted to the lower chord of the downstream truss of
the right span of the bridge, 50 feet from the right end. The length of the chain is 13.45
feet. The gage is referred to bench marks as follows: (1) A nail surrounded by a circle of
brass tacks driven into a knot on the south side of a cottonwood tree 250 feet north of the
north end of the highway bridge; elevation, 11.29 feet above the zero of the gage. (2) The
corner of the abutment at the north end of the railroad bridge, on the fourth step of the
abutment and on the corner on the east side away from the bridge; elevation above the zero
of the gage, 20.23 feet.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, pp 55-56; 130, p 159.

Discharge: 49, p 272; 99, p 56; 130, p 160.
Gage heights: 99, p 56; 130, p 160.

Discharge measurements of Cheyenne River at Edgemont, 8. Dak., in 1905.

Date. Hydrographer. Width. s%g%?ogf. Vé‘gﬁ?y. h(e}iz ¥ ch[;{*sg-e.
Ft. per

i Feet. 8q. ft. sec. Feet. Sec.ft.

March28...... F.M.Madden....................... 57 20.0 1.50 1.80 30

April7........ H. D. Comstock. ... 28 15.8 1.39 1.75 22
May 17¢....... 15 4.7 1.32 2.28 6.2

June 14a.__.... 84 98 2.78 2.75 272

June 15a....... 72 77 2.23 2.50 172

Junel5........ 150 382 3.50 4.20 1,336

June16........ 148 247 2.43 3.30 599

June16. .. 147 206 2.28 3.10 . 469

June18........ 300 | 1,652 5.60 9.75 9,259

June 19 . - 154 575 4.31 4.62 2,477

June19........ . 154 474 3.53 4.00 1,674

August4......|..... [ 1o 162 578 3.34 4.23 1,930

162 274 2.46 2.95 674

270 | 1,285 5.62 8.00 7,222

250 | 1,157 5.09 7.55 5,893

220 968 4.96 6. 80 4,803

. - 175 730 4.7 5.60 3,485

August8......|..... Lo (o 20N 162 359 2.82 3.64 1,014

September 6 ...| Stevens and Comstock .............. 94 45 1.44 2.35 65

aMade at different sections.
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. Daily gage height, in feet, of Cheyenne River ai Edgemont, 8. Dak., for 1905.

Day. Jan. ! Feb. | Mar.

July. l

Apr. | May. | June. Aug. | Sept. [ Oct. | Nov. | Dec.
| . L
2.7 38| 40| 18| 17| 25 | 2.7 ‘ 6.3 2.5| 2.3 22 2.1
29{ 38| 38| 28 28| 25 | 9.35( 5.3 2.7 30| 21 2.1
3.0| 38| 36| 20| 88| 25 | 58 | 50 2.8 26 21 (......
3.0/ 38{ 35| 20| 25| 25 | 50 | 40 26| 26| 2.2|......
3.0! 40! 30| 18! 20| 25 ) 40 | 295 24| 24| 2.1l......
3.0 40| 25| 1.8 20| 25 | 3.0 | 7.95( 22| 24| 21| ...
3.0 40| 24| 18 25| 25 | 2.3 | 4.0 2.2 20| 21|......
3.0] 40| 24| 18| 25| 2.6 | 8.4 | 3.7 2.2 2.3
30| 40| 24| 18| 25| 26 | 2.8 | 3.0 21| 2.3
3.0 40|24 18| 23 2.6 | 2.8 | 2.2 21| 2.3
3.0{ 40| 24, 18| 23| 50 | 28 | 50 21| 22
120 | 30| 40| 24| 18| 23| 42 [ 27 | 84 | 21| 23
3.0, 43| 23 18] 23| 42 | 25 | 58 21| 2.3
3.0 43 23, 22| 23| 50 | 2.8 4.0 2.1| 24
3.0 43| 20| 20( 23| 55 | 27 | 33 22| 24
30| 431 20| 20| 22| 38 | 2.6 | 3.0 2.2 |, 2.4
3.0! 43 20! 20| 22 545| 25 | 2.4 2.2 24
3.0 43| 20| 20| 23| 96| 2.3 | 2.3 2.1 2.3
3.0 43 20 20| 23| 44 | 2.1 | 2.3 21| 2.3
3.0 43| 20 20| 24| 34 | 7.7 | 2.2 2.1 2.1
3.0 43| 20| 20| 24| 26 | 59 | 2.0 2.0 2.1
33| 45| 19| 20| 24| 26 | 48 | 2.6 2.0 2.1
3.3 45 1.9 20| 45| 24 | 3.3 | 2.0 2.0 2.1
33| 50| 19| 20| 48| 3.0 | 2.8 | 1.9 2.0 2.1
3.3 47| 19| 19| 28| 3.0 | 2.6 | 2.0 2.0 2.1
33! 45| 19| 19| 28| 27 | 24 | 2.6 2.0 21
3.3 43| 1.8| 1.8| 24| 2.6 | 41 | 2.4 2.0 2.1
3.3| 42| 18| 17| 24| 24 | 6.0 | 2.3 2.0 2.1
3.5 ..., 1.8| 1.7 23| 20 |10.7 | 2.3 2.0 2.0
3.5 |-annn. 1.8 17] 23] 26 | 9.7 | 2.3 2.0| 2.0
3.5 [-euen. 1.8 feeeenn 2.6 |-cen... 6.0 | 23 |....... 2.0 (... el

Norte.—Ice conditions January 1 to February 22, inclusive.
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Daily discharge, in second-feet, of Cheyenne River at Edgemont, S. Dak., 1903-1905.

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1,685 318 10 4 57
3,005 | 226 8 4 57
1,795 130 8 4 57
1,472 106 .8 5 57
1,092 75 8 5 57
848 75 8 5 75
630 75 4 5 75
435 57 4 2|oiaann
246 117 4
- 171 117 4
95 106 4
3,330 106 4
1,320 | 5,720 5
1,050 | 1,472 5
665 | 925 5
530 700 5
3451 405 5
246 | 246 5
171 17 5
142 117 5
75 75 5
57 57 2
57 57 2
41 28 4
885 18 4
595 10 4
1,050 10 4
885 10 4
735 10 4
562 10 4
435 |....... I35 RN
18 735 4 | I PO
18 [ 246 4
18 95 4
18] 202 4
18 117 4
18 57 4
18 34 4
18 34 4
18 " 14 4
85 10 8 4
28 66 10 8 8
12, e e 28 49 | 562 735 10 8 14
. T ) PO I 28 34| 292 (1,225 10 4 34
) SRR ORI MU 18 34 142 665 10 1 156
18 41 95 405 5 1 188
18 41 772 246 5 1 130
18 41 595 171 5 1 106
18 41 202 117 4 1 66
18 41 142 75 4 0 34
8| -4 95 57 4 0 8
.2 SR R 57 18 | 4,290 75 57 4 0 8
77 R . 57 10 | 3,330 | 965 41 1 0 8
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Daily discharge, in second-feet, of Cheyenne River at Edgemont, S. Dak., 1903-1905—Cont’d.

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1904.
- S IS 57 10 {2,200 | 665 | 57 1 0
SRR USRI 57 811,050 405| 41 1 0
L SRR R 57 4| 88| 202] 28 1 0
26 e 57 4 700 | 142 28 1 0
57 4| 595 345 18 1 0
57 4] 530 246 18 o 23
57 4| 465 206 18 0| 23
57 4| 405 | 171 18| 595 8
Bl 57 . 595 |....... 18 1,320 |.......
1905.
S DUUUNUUURUNRUR U 1,135 | 28 18| 71| 345 4,200 | 117
2 965 | 292 | 292 | 171 | 8,665 | 2,940 | 171
B 810 57| 9665 | 171|3,460 | 2,565 | 206
735 | 57| 171 171 | 2,440 1,420 | 142
405 | 28| 57 171 1,320] 62| 95
171 28 57| 171| 530|682 4
42| 928{ n7T| 171 | 17 |1,420| 4
12| 28| 117 206| 665|1,050 | 41
42| 28| 17! 206| 22| 53| 28
42| 28| 75| 206 202| 142| 28
S SRR ISR 142 | 28| 572,200 202|240 28
142 28 57 | 1,320 | 216 | 7,420 28
17 28| 571,320 171 |3,460| 28
17| 95| 572,20 2021,320| 28
57| 57| 57)285) 26| 5| 4
57| 57| 41| 965| 206| 465 41
57| 57| 41f2,ms2| 1m| 1m 41
57| 57| s7loa7s| 17| 142 28
571 57| 571,80 75 142| 28
57| 57| 75| 856,280 117 | 28
57 57 75| 345 | 3,505 57 18
41 571 75| 345|2,200| 206 18
41 571,630 | 246 | 735 &7 18
41) 5701965 595 | 405) 41 18
41| 41| 20| s95| 22| 7| 18
41 41| 202 35| 206| 171 18
28| 28| 142 202)1,420| 17| 18
281 18| 142| 206]3,730| 9 18
28| 18| 117| 9510,90{ 95| 18
28| 18| 117| 202 9,20| 95| 18
28 |....... 206 |....... 3,730 | 95 |.......

NoTE.—The daily discharge has been obtained by the indirect method.
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Estimated monthly discharge of Cheyenne River at Edgemont, S. Dak., 1903~1505.

[Drainage area, 7,350 square miles.]

Discharge in second-feet. Run-off.
Total in
Month. Maximum,| Minimum. | Mean. | 8cre-feet. Sp%i'o%lﬁaefg Ii):gﬁgsfn
mile.
2,080 18 308 14, 660 0.042 0.037
6,680 2| 1,034 63,580 141 .163
- 3,330 41 795 48, 830 .108 124
5,720 10 385 22,910 524 .585
10 2 5.0 307 . 00068 .00078
75 2 18.0 1,071 .0024 .0027
7% 57 62.1 862 . 0082 .0021
.................................. 152,300 oo feeiiaanns
142 57 68.4 2,171 .0093 . 0055
57 4 26.7 1,589 .0036 .0040
4,290 34 610 37,510 .083 .096
6,760 75| 1,106 65,810 .150 .167
3,730 18 696 42,800 .095 .110
1,320 0 69.8 4,292 . 0095 .011
735 0 57.0 3,392 .0078 .0087
188 1 26.9 1,654 .0037 .0043
85 1 12.8 6,601 | L0017 .0017
.................................. 165,800 |.cevoiiiais [emeannann
2,200 1,320 | 1,675 19,930 .228 .051
1,135 28 195 11,990 027 .031
292 18 50.5 3,005 . 0069 .0077
1,965 18 245 15,060 .033 .038
9,175 95 | 1,022 60, 810 .139 .155
10,960 75 2,024 124, 400 275 .317
7,420 41| 1,266 77,840 172 .198
September. . 206 18 47.0 2,797 .0064 L0071
L0707 751 ¢T3 P 246 18 56.5 3,474 L0077 . 0089
November. .......cocemieuaieena. 41 28 28.9 1,720 .0039 .0044
Theperiod. ... .coieiroiefocmimimmaiiifiiciiiaaiifenaaannas 321,000 |.oeiiiiieneiriana

NoTE.—No estimate for ice period.
BEAVER CREEK NEAR EDGEMONT, S. DAK.

Beaver Creek rises in the northern part of Weston County, Wyo., flows southeastward,
and enters Cheyenne River in the northwestern part of Fall River County, S. Dak.

The gaging station was established April 7, 1905. It is located at Anderson’s ranch,
about 16 miles northwest of Edgemont, S. Dak., and about 2 miles west of the Argentine
water tank on the Chicago, Burlington and Quincy Railroad, just below the mouth of Pass
Creek, in the S. § sec. 16, T. 7 S., R. 1 E.

The channel is straight for 200 feet above and below the station. Both banks are low and
are liable to overflow during high water. The bed of the stream at the measuring section is
of gravel-and cobblestones and is fairly permanent; at the gage the bed is composed of mud.
At the measuring section there is one channel at high water, but at low water there are two
channels; at the gage there is but one channel at all stages. The current is fairly swift,
Gage heights range from 1 foot to 9 feet. The stream is frozen from about December 1 to
March 10, and observations are discontinued during that time.
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Discharge measurements are made by wading near a ford 1,000 feet below the gage. The
initial point for soundings is a stake on the right bank in line with a crotched fence post and
a dead tree.

The gage, which was read once each day during 1905 by H. Anderson, is a post supporting
a plank step on the right bank, graduated from zero to 4 feet; a second post, higher up on
the bank, about 30 yards from the house of the observer, is graduated from 4 to 8.5 feet.
The bench mark is a spike driven 6 inches above the base of a cottonwood tree 100 feet
above the gage; elevation; 9.59 feet above zero of gage.

Discharge measurements of Beaver Creek near Edgemont, S. Dak., in 1905.

Date. Hydrographer width. S0 | otety. | haiee. | charge
Ft. per '

Feet. 8q. ft. sec. Feet. Sec.-ft.

April7......... H.D.Comstoek. .................... 38 24.0 0.87 1.21 20
May17.........|..... do. 22 7.8 .59 .85 4.6

Junel14._ .. ... |._.._ [ o J P 28 14.0 1.74 1.24 23
june 17... ... ..|..... £ o 24 9.6 .98 .98 9.4

August4...... .. .. 0 (o 3 80 99.0 3.15 2.90 312

August 8. .....[..... Lo Lo 52 41.0 2.37 1.80 93
September 7. . .| Stevens and Comstock.............. 25 10.7 1.06 1.00 11.4

Daily gage height, in feet, of Beaver Creek near Edgemont, S. Dak., for 1905.

Day. Apr. | May. | June. | July. | Aug. | Sept. Oct. Nov.
R (R 1.05 2.7 3.2 3.4 1.0 1.0 1.1
) 1.55 2.0 8.4 6.9 1.2 2.0 1.2
B R (S 1.4 1.2 7.45 5.4 1.1 2.5 1.2
S PR 1.2 1.0 5.8 3.5 1.0 1.6 1.15

1.1 .9 3.1 2.2 1.0 1.4 1.1
1.0 1.2 2.2 4.2 1.0 1.2 1.1
1.2 1.1 3.25 2.6 1.0 1.1 1.1
1.1 1.0 2.9 1.85 1.0 11 1.0
1.1 .9 1.8 1.7 1.0 1.0 1.0
1.1 2.9° 1.4 1.8 1.0 1.0 1.0
1.0 3.35 1.4 1.85 1.0 1.0 1.0
.9 2.9 -1.35 1.4 1.0 1.0 1.0
.8 L5 1.3 1.4 Lo 1.0 1.0
.8 1.3 2.4 2.8 1.0 1.0 1.05
.8 1.2 1.65 2.1 1.0 1.0 1.05
.8 1.1 1.4 1.6 1.0 1.0 1.05
.8 1.0 1.25 1.4 1.0 1.0 1.1
.8 1.25 1.2 1.3 1.0 1.0 1.1
1.3 1.3 1.1 1.25 1.0 1.0 1.1
1.4 1.2 3.95 1.2 1.0 1.0 1.1
1.2 1.2 3.45 1.15 1.0 1.0 1.1
1.1 1.2 4.5 1.15 1.0 1.0 1.1
1.4 1.2 2.3 1.1 1.0 1.1 1.1
1.2 1.15 1.7 1.0 1.0 1.1 1.1
1.78 1.48 1.4 1.0 1.0 1.1 1.1
1.6 1.4 1.35 1.0 1.0 1.1 1.1
1.3 1.3 5.25 1.0 1.0 1.1 1.1
1.2 1.2 4.4 1.0 1.0 L1 1.1
1.2 1.1 8.6 1.0 L0 1.1 1.1
1.2 1.1 6.7 1.0 1.0 b 905 N PR
j 3% N O 4.4 1.0 |.oo..... L1 ...
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HAT CREEK NEAR EDGEMONT, S. DAK.

Hat Creek enters Cheyenne River from the south in the central part of Fall River County,
S. Dak. )

The gaging station was established April 8, 1905. It is located at Brady’s ranch, about 1
mile above the mouth of the creek, 13 miles east of Edgemont, S. Dak., in the SE. } sec. 24,
T.98,R. 4E.

The channel is straight for about 500 feet above and below the station. The right bank
is medium high, is clean, and overflows at very high floods; the left bank is high and clean
and does not overflow. The bed of the stream is composed of gravel and mud and is fairly
permanent. There is but one channel at all stages and the current is swift. The stream is
frozen over from about December 1 to March 10, and observations are discontinued during
that period. Gage heights range from 0.5 foot to 11 feet.

Discharge measurements are made by wading 50 feet above the gage. The initial point
for soundings is the bench mark.

The gage, which was read once each day during 1905 by Clarence Brady, consists of a ver-
tical staff spiked to the crib work of an old pumping plant near the house of the observer.
The bench mark is a spike in a cottonwood tree on the left bank, 50 feet above the gage and
35 feet from the water’s edge; elevation above zero of gage, 10.22 feet.

Discharge measurements of Hat Creek near Edgemont, 8. Dak., in 1905.

Date. Hydrographer. Width. | ATea of vmﬁ’t‘y' h(jiag%et' Oh]zirsg‘e_
Ft. per
Feet. | Sq.ft. sec. Feet. Sec.-ft.
April8........ 15 7.6 1.55 0.71 11.8
May 18........ 23 12.3 1.01 .80 12.4
Junel5........ 18 8.4 1.46 .73 12.3
August 7e..._. 115 408 4.80 5.10 1,958
August9.._.... 32 34 2.50 1.70 85
September 6 o_.| Stevens and Comstoek. ... ...... . .| eeoeoefoemeneaaoadaiaaaaaas 1.10 8

e Float measurement.
b Bar below gage causes backwater; discharge estimated.
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Daily gage height, in feet, of Hat Creek near Edgemont, S. Dak., for 1905.

Day. April. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
NN N 0.6 1.6 5.4 2.0 1.1 1.0 1.0
U PN 1.68 1.15 2.8 1.9 1.1 1.0 1.0
N P 2.65 1.0 4.1 2.9 1.1 .95 1.0
L S S 4.5 .9 2.5 1.9 1.1 .95 1.0
L T PPN PO 2.9 .9 1.9 1.6 1.1 1.0 1.0

1.9 .8 1.5 5.7 1.1 1.0 1.0
1.45 .8 1.5 5.2 1.1 .95 1.0
1.2 .75 1.4 2.45 1.1 .9 1.0
1.0 .7 1.9 1.75 1.1 .9 1.0
1.0 2.72 1.55 2.0 1.1 .9 1.0
.9 2.0 1.45 2.3 1.1 .95 1.0
.85 1.2 1.3 11.0 1.1 .95 1.0
.9 .9 1.2 8.0 1.1 1.0 1.0
.85 1.8 1.1 3.0 1.1 1.0 1.0
.8 .8 1.1 2.2 1.1 1.0 1.0
.8 2.45 1.0 1.8 1.1 1.0 1.0
.8 .8 1.0 1.6 1.1 1.25 1.0
.8 5.0 1.0 1.5 1.1 1.25 1.0
.8 6.3 1.0 1.5 1.1 1.15 1.0
.8 2.6 1.2 1.5 1.1 1.1 1.0
1.8 2.3 1.1 1.5 1.1 1.1 1.0
1.25 2.8 2.65 1.45 1.05 1.0 1.0,
1.0 7.0 2.5 1.3 1.05 1.0 1.0
.9 3.4 1.2 1.3 1.0 1.0 1.0
.9 3.5 1.0 1.2 1.0 1.0 1.0
.75 2.3 1.0 1.2 1.0 1.0 1.0
.75 1.85 1.0 1.2 .95 1.0 1.0
.75 1.7 .9 1.2 .9 1.0 1.0
.8 1.55 4.5 1.15 .95 1.0 1.0
1.85 1.8 8.5 1.1 1.0 1.0 1.0
2.5 |oeeaoo.. 6.2 L1 f........ 1.0 |ooc.o...
Estimated monthly discharge of Hat Creek near Edgemont, 8. Dak., for 1905.
Month. Discharge in second-feet. Total in
Maximum.| Minimum. | Mean. | 8cre-feet.
111 6 24.8 1,082
1,660 6 134 8,239
3,460 10 448 26, 660
5,300 23 519 31,910
9,150 8 698 42,920
8 0 6.3 375
21 0 3.6 221
2 2 2.0 119
The period.....c.ouerneeiaeiiiaiiiiiiiiencaicanec]oraeraeeeenfoeeeinanefoenienann 111, 500

Note.—This estimate is only approximate.
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SPRING CREEK NEAR RAPID, S. DAK.

Spring Creek has its source in the Black Hills in western South Dakota, flows southeast-
ward and then northeastward and enters Cheyenne River near Creston, S. Dak.

The gaging station was established June 27, 1903. It is located on the highway from
Rapid to Hermosa, on the property of Frank Blair, in the SE. } sec. 3, T. 1 8., R. 7 E.

The channel is straight for 100 feet above and 75 feet below the station. Both banks are
low and subject to overflow. At the station the bed of the stream is gravelly, but above
and below this point the bottom is muddy. The current is sluggish above and below the
footbridge, but is swift at the point where measurements are made. The stream is frozen
from about December 1 to March 10, and observations are discontinued during that period.
Gage heights range from 0.5 foot to 5 feet.

Discharge measurements are made from a small plank footbridge.

The gage, which was read once each day during 1905 by Lydia Blair, is a vertical timber,
spiked to a tree at the water’s edge, about 100 feet above the footbridge. The gage is
referred to bench marks as follows: (1) A steel nail driven into the tree to which the gage is
attached; elevation, 2.14 feet. (2) A nail driven into the base of a tree about 50 feet up-
stream from the gage; elevation, 4.14 feet. (3) A nail driven into the roots of a tree about
75 feet downstream from the gage; elevation, 3.36 feet. Elevations are above the zero of
the gage. This station was discontinued December 1, 1905.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, p 53; 130, pp 160-161.
Discharge: 99, p 53; 130, p 161.

Discharge, monthly: 130, p 163.

Gage heights: 99, pp 53-54; 130, pp 161-162.
Rating table: 130, p 162.

Discharge measurements of Spring Creek near Rapid, S. Dak., for 1905.

Date. Hydrographer. Width. ;”ef;?‘ogf. vgﬁf}i]tly. h(giz < clg:ée.
Ft. per
Feet. | Sg.ft. sec. Feet. Sec.ft.
May20........ 11 5.5 1.02 0.91 5.6
June24._...... 30 27 .72 1.15 19.4
July3...... 23 34 2.08 1.89 70
August 14...... i 22 34 2.27 1.80 78
September 4...( Stevens and Comstock.............. 24 29 .82 1.25) - 24
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Daily gage height, in feet, of Spring Creek near Rapid, S. Dak., for 1905.

Day. May. | June. | July. | Aug. | Sept. | Oect. Nov.
1.1 1.1 3.8 1.3 1.0 1.1
1.2 1.4 2.2 1.3 1.0 1.1
1.1 1.7 2.2 1.3 1.0 1.1
1.1 1.6 2.0 1.3 1.0 1.1-
1.1 1.6 1.8 1.3 1.0 1.1
1.1 1.6 1.8 1.3 1.0 1.1
1.1 1.6 1.8 1.3 1.0 1.1
1.0 2.0 1.7 1.3 1.0 1.1
1.0 2.0 1.6 1.3 1.0 1.1
1.1 1.9 1.6 1.3 1.0 1.1
1.1 1.9 1.9 1.3 1.0 1.1
1.2 1.9 1.9 1.3 1.0 1.1
1.1 1.7 1.9 1.3 1.0 1.1
1.0 1.6 1.8 1.2 1.0 1.1
1.0 1.5 1.8 1.2 1.0 1.1
1.1 1.4 1.8 1.2 1.0 1.1
1.2 1.4 1.7 1.2 1.0 1.0
1.2 1.4 1.7 1.2 1.0 1.0
1.2 1.4 1.7 1.2 1.1 1.0
1.2 1.7 1.6 1.2 1.2 1.0
1.2, L7 1.6 1.2 1.1 1.0
1.2 2.25 1.5 1.1 1.1 1.0
1.2 1.7 1.5 1.1 1.1 1.0
1.2 1.5 1.5 1.1 1.1 1.0
1.2 1.5 1.5 1.1 1.1 1.0
1.2 3.8 1.5 1.1 1.1 1.0
1.2 1.6 1.5 1.1 1.1 1.0
1.2 3.9 1.4 1.1 1.1 .9
1.1 1.8 1.3 1.0 1.1 .9
1.1 1.6 1.3 1.0 1.1 .9

........ 1.6 1.3 ]........ 1.1 ...

Station rating table for Spring Creck near Rapid, 8. Dak., from May 4 to November 30, 1905.

h(e}izr%i. Discharge. h(;z . | Discharge. hgiz%et. Discharge. hgiaé%i. Discharge.

Feet. Secft. ||+ Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
0.80 4 1.60 57 2.40 160 3.20 289
.90 6 1.70 67 2,50 175 3.30 307
1.00 10 1.80 9 2.60 190 3.40 325
1.10 15 1.90 91 2.70 206 3.50 343
1.20 21 2.00 103 2.80 222 3.60 361
1.30 29 2.10 117 2.90 238 3.70 379
1.40 . 37 2.20 131 3.00 255 3.80 397
1.50 47 2.30 145 3.10 272 3.90 415

The above table is applieable only for open-channel conditions. It is based on 15 discharge measure-
ments made during 1903-1905, and is not well defined.



CHEYENNE RIVER DRAINAGE BASIN. 151

’

Estimated monthly discharge of Spring Creek near Rapid, S. Dak., for 1905.

[Drainage area, 205 square miles.]

Discharge in second-feet. Run-off.

Totalin |q. - [

Month. Second-feet :
Maximum. | Minimum. | Mean. | 2ere-feet. | horsquare ]?r‘l’g;:sm

mile. .
May4-31. ... i 47 4 10.2 566 0.050 0.052
June.._.: 21 10 17.1 1,018 .083 .093
July... . 415 15 85.2 5,239 .416 .480
August.._ . ...... . 397 29 71.8 4,784 .380 .438
September - 29 10 22.3 1,327 .109 122
October. ......... . 21 10 12.3 756 .060 .069
November 15 6 12.3 732 .060 .067
Theperiod. ....oooieeei e i eeae e 14,420 | coiiiciai e

RAPID CREEK AT RAPID, S. DAK.

Rapid Creek, which enters Cheyenne River near Creston, S. Dak., has its source in the
Black Hills and flows southeastward.

The gaging station was established June 10, 1903. It is located at a highway bridge one-
half mile downstream from the Rapid River Milling Company’s mill, and one-fourth mile
north of the Chicago and Northwestern Railway in the S. E. 1 sec. 36, T.2N.,R. 7E. '

The channel is straight for 150 feet above and 100 feet below the station. The banks are
from 12 to 15 feet high and are liable to overflow only at extreme high water. The bed of
the stream is’composed of mud, with embedded bowlders. At high water there are two
channels, one of which is very small. The velocity is good at all stages. The stream is
subject to rapid fluctuations in height, owing to the opening and closing of the head-gates
on a ditch above the station. Gage heights range from 1 foot to 5 feet. The stream is
frozen from about December 20 to March 10, and observations are discontinued during
that time.

Discharge measurements are made from the downstream side of the highway bridge.
The initial point for soundings is the center one of a group of five brass-headed tacks driven
into the downstream face of the end post at the south end of the bridge.

The gage, which was read twice each day during 1905 by John Merritt, is a timber securely
spiked to a timber at the south abutment of the bridge. The gage is referred to bench
marks as follows: (1) A railroad spike driven near the base of the second tree from the
southeast corner of a dwelling across the street from the School of Mines dormitory; eleva-
tion, 13.92 feet above the zero of the gage. (2) A railroad spike driven near the base of the
first tree from the corner south of the School of Mines dormitory; elevation, 12.81 feet above
the zero of the gage.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 99, pp 50-51; 130, pp 163-164.
Discharge: 49, p 272; 99, p 51; 130, p 164.
Discharge, monthly: 99, p 52; 130, p 166.
Gage heights: 99, pp 51-52; 130, p 165.
Rating table: 99, p 52; 130, pp 165-166.
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Discharge measurements of Rapid Creek at Rapid, 8. Dak., in 1905.

Date. Hydrographer. Width. ;&ez%?ogf. vellf)ecailtly. hgiaé%s;. ckgere.
Ft. per

Feet. | Sq.ft. sec. Feel. Sec.-ft.
April10a...... H.D.Comstock. ..cooaeemiaannaia. 33 38 2.48 1.70 95
May19........|..... [ Lo 30 77 2.31 2.10 178
May26........f..... do 30 72 1.99 1.95 143
June26........0..... do 30 70 1.91 1.91 134
July3. ... ... do 32 104 5.38 2.95 559
July 5. .oooooofaene do 32 ' 102 5.08 2.9 518
August 12..... 32 115 2.15 2.21 247
September 2...[._... s Lo TN e 35 106 1.10 1.69 117

a Made by wading.
Daily gage height, in feet, of Rapid Creek at Rapid, S. Dak., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. [ July. | Aug. | Sept. | Oct. | Nov
1.6 1.38 | 2.0 2,42 2,22 1.72 1.5 1.62
1.75 1.75 1.98 | 2.58| 2.22| 1.7 1.58 1.55
1.65 1.9 1.9 2,98 | 2.28| 1.75 1.58 1.48
1.6 1.95 1.85 | 3.0 2.3 1.58 | L5 1.45

1.6 1.85 | 1.82 | 2.95| 2.08| 1.6 1.5 1.4
1.58 1.82 | 1.82| 2,72 | 2.35| 1.7 1.42 1.55

1.58 | 1.85| 1.8 2.18 | 2.2 1.62 | 1.58 1.5
1.62 | 2.08| 1.8 2.62 | 2.0 1.7 1.45 1.42
1.65 ) 2,22 | 1.78 | 2.68| 2.18| 1.55 1.48 1.48
1.7 2.25| 1.78| 2.68 | 2.22| 1.62| 1.4 1.5
1.65 { 2.3 1.92 | 2.58 | 2.08| 1.656| 1.45 1.42

1.58 | 2.28 | 1.88 ! 2.52| 2.2 1.68 | 1.4 L5
1.75 | 2.25 1.78 | 2.45| 2.2 1.6 1.35 1.38
1.7 2.22| 178 2.48| 2.08| 1.65| 1.45 1.55
1.5 2.25 | 2.12 | 2.45| 2.05| 1.68 1.42 1.42
1.6 2.22 1.85 | 2.32| 2.05| 1.75 1.42 1.35
1.6 2.15 1.8 | 2.32| 2.0 1.52 1.4 1.45
1.6 2.18: 1.98 | 2.28| 2.0 1.58 | 1.4 1.52
1.6 2.15| 235 2.2 2.0 1.5 1.48 1.52
1.58 | 2.1 1.95 | 2.3 1.88 1.55 1.52 1.55
1.6 2.08| 1.8 | 2.52 | 1.92| 1.5 1.55 1.38
1.6 2.021 1.95| 2.45 1.85 1.52 | 1.58 1.45
1.55 | 1.98 ) 1.98 | 2.38| 1.82| 1.48 | 1.45 1.32
1.58 | 2.02} 1.95| 2.25| 1.82] 1.52 | 1.5 1.42
1.58 | 2.02 | 1.95| 2.22| 1.95 1.52 1.48 1.51
1.52 | 1.98| 1.85| 3.18 | 1.88| 1.45| 1.45 1.48

1.4 1.95| 1.85| 2.8 | 1.75| 1.52| L5 1.4
1.58 | 2.02| 1.82| 3.38| 1.85| 1.62 1.45 |.......
1.65| 2.15 1.78| 2.35| 1.88| 1.58| 1.58 |.......
1.58 | 2.2 1.72| 2.2 1.65  1.55 | 1.58 |.......
....... 212 ...l 2222 L72.......] L&65|.......

.

Note.—Ice conditions January 7 to February 20, inclusive.
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Siwion rating table for Rapid Creek ot Rapid, S. Dak., from January 1 to July 28, 1905.

I hgi; ¢ | Discharge. h(giz % | Discharge. h(jig % | Discharge. hgiag%s;. Discharge.

Feet. Sec.-ft. Feel. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft.
1.30 51 1.90 131 2.50 316 3.00 587
1.40 60 2.00 154 2.60 360 3.10 658
1.50 70 2.10 180 2.70 409 3.20 734
1.60 82 2.20 209 2.80 462 3.30 814
1.70 96 2.30 241 2.90 521 3.40 897
1.80 112 2.40 277

T

The above table is applicable only for open-channel conditions. It is based on nine discharge meas-
urements made during 1904-5, and is well defined between gage heights 1.5 feet and 3 feet.

Station, rating table for Rapid Creek at Rapid, 8. Dak., from July 29 to November 27, 1905.

hgia'g ?;. Discharge. hgiag'%?:. Discharge. h(jig % Discharge. h(e?i;%et. Discharge.
Feet. Sec.Ht. Feet. Secft. Feet. Sec.-ft. Feet. Sec.-ft.
1.30 61 1.60 101 1.90 159 2.20 243
1.40 3 170 T8 2.00 183 2.30 279
1.50 86 1.80 137 2.10 2i1 2.40 320

The above table is applicable only for open-channel conditions. It is based on two discharge meas-
urements made during 1905.

Estimated monthly discharge of Rapid Creek at Rapid, S. Dak., for 1905.

. [Drainage area, 410 square miles.]
Discharge in second-feet. Run-off.
Total in
Month. Second-feet s

Maximum. | Minimum. | Mean. | 2¢Te-feet. | hor'square Diggﬁgsm

mile. .
85 70 79.0 940 0.193 0.043
70 51 63.6 1,009 .155 . 046
93 60 72.5 4,458 .177 .204
104 60 83.2 4,951 .203 . 226
241 58 173 10,640 .422 . 486
R 259 99 131 7,79 .320 .357

880 203 359 22,070 .876 1.01
299 110 195 11,990 .476 .549
September ... ... ... ........... 128 80 102 6,069 .249 .278
October. ... ..ooiiiiiiiiniia. 98 67 84:2 5,177 .205 . 236
November 1-27.2__ ... ........ 104 64 82.3 4,407 .201 .202
Theperiod. .. ....cooomiii|ienmnnenifomeaeaeaea 79,510 |ocoeeeae el

NotEe.—Discharge interpolated March 3-15,
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BOXELDER CREEK AT BLACKHAWK, S. DAK.

Boxelder Creek rises in the Black Hills in the southeastern part of Lawrence County,
S. Dak., and flows southeastward into Cheyenne River.

The gaging station was established June 27, 1903. It isJocated at the bridge on the road
leading past the church at Blackhawk, in the SE. $ sec. 9, T.2 N, R. 7 E. )

The channel is straight for 150 feet above and curved for 75 feet below the station. Both
banks are high and cleared, but may overflow in extreme high water. The bed of the stream
is stony, with soft mud near the edges, and there is considerable water grass just below the
station. The bridge makes an angle of about 30° with the normal to the current. Gage
heights range from 0.5 foot to 5 feet. The stream is frozen from about December 1 to
March 10, and observations are discontinued during that period.

Discharge measurements are best made by wading, but at high water they may be made
from the bridge. The initial point for soundings is a brass tack driven into the hand rail
vertically above the gage.

The gage, which was read once each day during 1905 by R. H. Haedt; is a vertical timber
securely spiked to a pile on the upstream side of the east end of the bridge. The gage is
referred to bench marks as follows: (1) A spike driven about 6 inches above the base of a
large fence post at the corner of the barnyard 300 feet east of the station; elevation, 16.84
feet. (2) A spike driven about 6 inches above the base of the south gatepost of a gate near
a house about 500 feet from the station along the road toward Rapid: elevation, 16.81 feet.
(3) A drift bolt driven in the base of a large cottonwood tree on the right bank, about 75
feet above the bridge; elevation, 4.34 feet. FElevations are above the zero of the gage.
This station was discontinued December 1, 1905. .

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Descriptioil: 99, p 49; 130, pp 166-167.

Discharge: 99, p 50; 130, p 167.

Discharge, monthly: 130, p 169.

Gage heights: 99, p 50; 130, pp 167-168.
Rating tables: 130, p 168.

Discharge measurements of Boxelder Creek at Blackhawk, S. Dak., in 1905.

Date. Hydrographer. width. Area of vg{g"g’tlyi hfi’; e clfaize.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
May 20........ H. D. Comstock............ s 40 80 1.34 2.10 107
June2ta......|..... do. ... 22 18.5 | 2.22 1.49 41
July 3... ... |- [ £ 48 225 2.43 4.60 546
Auvgust 14, ... ... & 0 . 26 24 3.29 1.72 79
September 4. .| Stevens and Comstock.............. 26 29 1.07 1.11 31

o Made by wading.
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Daily gdge height, in feet, of Boxelder C'reek at Blackhawk, S. Dak., for 1905.

Day. May. | Jupe. | July. | Aug. | Sept. | Oct. | Nov.
= ‘\

1.6 1.1 3.3 ! 1.2 0.9 “0.7

1.55 5.1 2.5 1.15 .9 .8

1.55 4.7 2.3 1.2 .9 .75

1.5 4.3 2.15 111 .9 .75

1.4 3.7 2.1 1.08 .85 .8

1.4 3.4 2.0 1.05 .85 .8

1.4 3.0 1.95 1.1 .8 .8

1.3 3.0 1.9 1.1 .85 .8

1.28 3.2 1.8 1.1 .85 .8

1.28 2.7 1.7 1.05 .85 .8

1.6 2.7 1.88 1.0 .88 .75

15 2.65 1.9 1.1 .9 .75

1.4 2.4 1.9 1.1 .9 75

1.3 2.35 1.75 1.05 .9 nL75

1.2 2.2 1.7 1.0 .9 .75

1.3 2.08 1.6 1.0 .9 .75

2.25 1.4 2. 1.52 1.0 .9 .7

2.1 1.58 1.9 1.5 1.0 .9 7

2.05 1.6 1.8 15 .95 .88 .7

2.05 1.55 2.1 1.45 .95 .85 .7

2.0 1.5 2.4 1.4 .9 .82 7

1.9 1.55 2.05 1.35 .9 .8 .65

1.8 1.55 2.0 1.3 .85 .8 7

1.9 1.5 1.8 1.3 .85 .8 .75

1.8 1.5 1.8 1.25 .85 .8 7

1.8 1.4 2.2 1.22 .8 .8 .7

1.8 1.35 3.28 1.3 .9 .8 .7

1.8 1.25 2.7 1.3 .9 .8 .6

29..... 1.9 1.18 2.5 1.25 .9 .75 .55
. R 1.9 1.05 1.9 1.2 .9 .7 .5
3 feeeas o 175 |eaeeae 1.8 | L2 ... T

Station. rating table for Boxelder Creck at Blackhawk, S. Dak., from May 9 to July 1,1905

h(gi%%%. Discharge. h((::ia | Discharge. h(gi‘fg'%i. Discharge. h(i?g °. | Discharge.
Feet. Sec.-ft. Feet. Sec.Ht. Feet. Sec.ft. Feet. Secft.
1.00 7 1.50 42 2.00 9 2.50 161
1.10 12 1.60 51 2.10 107 2.60 176
1.20 18 1.70 61 2.20 120 2.70 191
1.30 25 1.80 72 2.30 133
1.40 33 1.90 83 2.40 147

The above table is s,p?lica.ble only for open-channel conditions. It isbased on three discharge meas«
urements made during 1905, and is not well defined. i

IRR 172—06——11
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Station rating table for Boxelder Creek at Blackhawk, S. Dak.,from July 2 to November 30,1905.

h(e}iz%(;;. ‘ Discharge. hi?:ﬁt. Discharge. hgi;%ﬁr. Di charge. h(e%i;%%. Discharge.

Feet. Sec.-ft. } Feet. Sec.ft. Feet. Sec.ft. Feet. Sec.-ft.

.50 2 1.30 42 2.10 128 2.90 241

.60 4 | 1.40 50 2.20 141 3.00 277

.70 7 1.0 59 2.30 154 3.10 273

.80 1t 1.60 69 2.40 168 3.20 289

.90 16 1.70 80 2.50 182 3.30 306

100 21 1.0 91 2.60 196 3.40 323
1.10 27 1.90 103 2.70 211
1.20 34 2.00 115 2.80 226

The above table is applicable only for open-channel conditions. It is based on three discharge meas-
urements made during thte latter rart of 1905, and is not well defined.

Estimated monthly discharge of Boxelder Creek at Blackhawk, S. Dak., for 1905.

[Drainage area, 157 square miles.]

Discharge in second-feet. Run-off.
- o o Totalin (o, - o |
Month. Second-feet :

Maximum.| Minimum. | Mean. acre-feet. per square ]-)E’p}fh n

mile, inches.
May9-3l.. ... .ol 184 66 109 4,972 0.694 0.594
June.... ...l 51 9 35.4 2,106 .225 .251

¥ - 650 27 210 12,910 1.34 1.54
August. ... ...l 306 34 84.5 5,196 .538 .620
September.. ... ... .. ... 34 11 21.6 1,285 .138 .154
October...... 60 7 19.0 1,168 121 .140
November. _ 11 2 8.1 482 .052 .058
* Theperiod. .....oeoooeee | 28,120 : R R IO

"BELLE FOURCHE RIVER AT BELLE FOURCHE, S. DAK,

Belle Fourche River, the largest tributary of the Cheyenne, rises near Middle Butte, in the
western part of Weston County, Wyo., flows northeastward to a point near the Wyoming-
Montana boundary line, then turns abruptly to the southeast, skirting the northern border
of the Black Hills, and unites with the Cheyenne in the southeastern part of Meade County,
S. Dak.

The gaging station was established May 26, 1903. It is located at the county highway
bridge on the western outskirts of Belle Fourche, S. Dak., in the NW. {,sec. 10, T. 8 N.,
R.2E.

The channel is straight for 225 feet above the bridge and 300 feet below. The left bank
is high, with a few scattered trees; the right bank is 16w, sparsely wooded, and subject to
overflow at flood stages. The bed of the stream is of gravel and fairly permanent. The
water flows in a single channel except at low stages, when it is divided by a gravel bar below
the bridge. The current is swift. Gage heights range from 0.5 foot to 11 feet.

Discharge measurements are made from *he lower side of the bridge. The initial point
for soundings is the center of the north pile in the first bent on the east end.

The gage, which was read twice each day during 1905 by Raymond Giles, consists of a
vertical timber spiked to a pile on the horth side of the bridge on the third bent from the
east end. The gage is referred to bench-marks as follows: (1) A spike in a cottonwood
tree on the east bank 50 feet below the bridge; elevation, 8.05 feet above the zero of the
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gage. (2) The top of theiron breakwater on the east pier of the railroad bridge 300 feet
below the highway bridge; elevation, 8.13 feet above the zero of the gage. (3) A United
States Geological Survey standard bench mark located in the Butte County court-house yard;
elevation, 18.70 feet above the zero of the gage and 3,011.34 feet above sea level, making
the elevation of gage datum above sea level 2,992.64 feet.

Information in regard to this station is contained in the following Water-Supply Papers of
the United States Geological Survey:

Description: 99, p 57; 130, pp 169-170.

Discharge: 99, p 57; 130, p 170.

Discharge, monthly: 99, p 59; 130, p 172.

Gage heights: 99, p 58; 130, p 171.

Rating table: 99, p 58; 130, p 171.

Discharge measurements of Belle Fourche River at Belle Fourche, S. bak., Sor 1905.

Date. Hydrographer. Width. fef::?o?\f. \;goec?tly‘ h(e;rig ei. chI;lrsg-e.
- Ft. per

Feet. 8g. ft. sec. Feet. Sec.-ft.
March 29¢ 54 65 1.45 1.80 94
April 13a.. ... ) 62 57 1.25 1.68 71
Junel......... 70 89 1.64 2.00 146
Do. 70 89 1.70 2,00 151
July 5.. 134 414 4.44 4.88 1,838
July 7.. 105 191 3.12 3.19 595
July 21 ... ... 93 143 2.37 2.41 339
Do......... 93 143 2.40 2.41 343
August 2...... 120 261 3.89 3.79 1,015
August 16 : 131 333 4.30 4.56 1,433

a Made by wading.
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Daily gage height, in feet, of Belle Fourche River at Belle Fourche, S. Dak., for 1905.

Day Jan. | Feb. | Mar. | Apr. | May. | June. | July.
1.68 | 4.25| 4.95| 1.7 | 1.58| 1.85| 195
1.55| 5.0 | 435 1.72| 2,08/ 1.9 | 192
1351 575 | 3.95| 1.65| 3.15| 1.85| 4.3
1.15| 6.4 | 3.4 | 1.65| 3.0 | 1.8 | 3.45
95| 6.8 | 2.8 | 165| 25 | L.75| 4.82
95| 7.0 | 2.8 | 1.65| 2.18| 1.7 | 3.85
95| 7.0 | 225 1.65 21 | 1.7 | 3.3
1.0 | 7.0 | 2.25| 1.65| 2.18| 1.7 | 3.48
1.02, 7.0 2.25 | 1.72 | 228 L7 | 2.75
1.05| 6.7 | 2.25]|'1.82| 268 | 1.75| 3.52
112 6.45| 2.25| 1.75] 238 | 175 2.4
1.3 | 6.2 |"205| 1.7 | 2.25| L7 | 2.6
1.5 | 60 | 20 | 1.7 | 2.25| 1.75| 2.6
1.72| 59 | 20 | L7 | 2.2 [ 175, 2.3
2,051 565 2.0 | 1.75¢ 2.0 | 3.75| 2.1
2,22 535| 20 | L75| 1.95| 3.15| 2.6
2.0 | 53 | 192 1.7 | 1.85] 3.42 | 2.4
2.0 | 515 1.82( 1.7 | 1.8 |....... 2.3
3.0 | 498 172| 1.7 | 1.8 | 2.85| 2.05
2.45| 4.8 1.65| 1.65, 1.85| 3.65| 2.15
2.38| 4.8 ; 1.65| 1.65 1.85| 3.32 | 2.4
2.15| 4.8 | 1.65| 1.65| 1.85| 3.5 | 2.45
1.08| 48 | 1.6 | 165] 1.85] 2.85| 3.45
26 | 472 1.6 | 1.65| 2.0 | 2.75! 3.35
3.0 | 47 | 16 | 1.65| 2.82| 2.8 | 3.35
3.25| 46 | 1.6 | 1.65| 3.08| 2.8 | 3.25
3.45{ 46 | 1.6 | 1.65| 2.38 | 2.35| 4.32
3.55| 502 168| 1.65| 2.2 | 2.45| 2.35
3.38 |....... 1.78 | 1.65| 2.15| 3.1 2.5
3.18|....... 1721 1.6:] 1.92| 3.05| 2.25
3.0 [e...... I 1.7 {ooion. L (..., 3.4

Aug.

4.85
3.32
2.78
3.75
3.4
3.4
3.4
2.15
2.38
3.2
2.35

Sept.

1.45
1.45
145
1.52

Oct.

1.6
1.6
1.6
55
35
15
92
82
72

[
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NoTte.—Ice conditions January 1 to March 6, inclusive.

Station rating table for Belle Fourche River at Belle Fourche, S. Dak., from January 1 to
November 30, 1905.

heGif;%et_ Discharge. h(gig &_ Discharge. h(e}iz i | Discharge. h(giz ?;_ Discharge.
Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.Ht. Feet. Sec.-ft.
1.40 50 2.50 290 3.60 850 4.70 1,630
1.50 60 2.60 330 3.70 920 4.80 1,705
1.60 75 2.70 370 3.80 990 4.90 1,780
1.70 90 2.80 410 3.90 1, 060 5.00 1,855
1.80 110 2.90 450 4.00 1,130 5.20 2,005
1.90 130 3.00 500 4.10 1,200 5,40 2,155
2.00 150 3.10 550 4.20 1,270 5.60 2,305
2.10 175 3.20 610 4.30 1,340 5.80 2,455
2.20 200 3.30 670 4.40 1,410 6.00 2,610
2.3) 230 3.40 730 4,50 1, 480 6.20 2,770
2.40 260 3.50 790 4.60 1,555 6. 40 2,930

The above table is applicable only for open-channel conditions. It is based on discharge measure-

ments made during 1904-5, and is well defined between gage heights 1 foot and 5.5 feet.
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Estimated monthly discharge of Belle Fourche River at Belle Fourche, 8. Dak., for 1905.

[Drainage area, 3,250 square miles.]

Discharge in second-feet. . Run-off.

Totalin |q. o |

Month, - |'Second-feet :
Maximum. | Minimum.| Mean, | 2€Te-feet. per square ]i):gégsm

mile, =
...................... 215 75 127 6, 298 0.039 0.036
............. 114 78 87.7 5,218 027 .030
...... 580 72 219 13, 470 .067 077
...... 955 90 344 20, 470 |. .106 . 118
...... 1,720 134 531 32, 650 .163 .188
........... 2,914 90 531 32,650 .163 .188
September........ 175 55 76.6 4,558 024 .027
October.......... 310 75 105 6,456 .032 .037
November................oo.... 90 75 83.7 4,980 .026 .029
Theperiod. ... .c..oooroii]iieomn i e ceeeeai e . 126,800 |. ST FORT

NoTgE.—No estimate for ice period.

REDWATER RIVER AT BELLE FOURCHE, S. DAK.

Redwater River rises in the eastern part of Crook Cofinty, Wyo., flows eastward and
unites with the Belle Fourche at Belle Fourche, S. Dalk.
The gaging station was-established July 20, 1903. It is located at the county highway
bridge in the eastern limits of Belle Fourche, S. Dak., in the NW. 4, sec. 11, T.8 N, R.2E.,
500 feet above the junction with Belle Fourche River.
The channel is straight for 50 feet above and below the station. The left bank is suffi-
ciently high to prevent overflow, but the right bank is low and subject to overflow; there
are trees along both banks. The bed of the stream is rocky and is fairly permanent. Thefe
is but one channel except at very high stages, and the current is swift. At very high stages
the gage heights may be affected by backwater from Belle Fourche River. There is con-
siderable ‘“dead water” at low stages.
Discharge measurements are made from the north side of the bridge. The initial point
for soundings is the center of the pile on the north side and at the east end of the bridge
The gage, which was read twice each day during 1905 by Raymond Giles, consists of a
timber spiked to the north pile of the west bent of the pridge. The gage is referred to
bench marks as follows: (1) The stone water table at the horth corner of the public school
building; elevation, 26.05 feet above the zero of the gage. (2) The top of the end of the
~ iron waste pipe projecting from the northeast corner of the public school building; eleva-
tion, 22.97 feet above the zero of the gage. (3) The United States Geological Survey
standard bench mark in the Butte County court-house yard; elevation, 18.46 feet above
the zero of the gage and 3,011.34 feet above sea level, making the elevation of the gage
datum above sea level 2,992.88 feet.
Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey: ‘ -
Description: 99, p 69; 130, pp 172-173.
Discharge: 99, p 59; 130, p 173.
Discharge, monthly: 99, p 60; 130, p 175.
Gage heights: 99, p 60; 130, pp 173-174.
Rating table: 99, p 60; 130, p 174,
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Discharge measurements of Redwater River at Belle Fourche, 8. Dak., in 1905.

Date. Hydrographer. Width. slg?i}ogf v‘ﬁ[ﬁgy_ hgiz %_ ch]g.;;e.
Ft. per

Feet. 8q. ft. sec. Feet. Sec.-ft.
62 150 1.39 2.95 209
62 152 1.32 2.95 200
May11... ... ..|..... L 1o 2 65 251 3.76 4.50 945
May13... ... .|..... A0 i 63 220 3.12 4.05 686
June9.............. Y 60 111 1.98 2.80 142
July 7. faaann dO. e 62 172 2.22 3.80 382
August 16......| J.C. Stevens............oeoiall.. 1 62 170 1.52 3.16 258

Daily gage height, in feet, of Redwater River at Belle Fourche, S. Dak., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.

3.3 | 10.0 2.85 | 2.95| 2.9 3.25 | 3.25| 3.4-| 2.7 2.92 3.5
3.3 |13.0 2.85 | 2.95| 3.05 3.1 3.25 | 3.4 2.7 2.95 3.5
3.3 |13.0 2.85 ) 2.95| 3.8 3.16 | 4.7 3.42 | 2.7 2.95 3.5
3.22 | 13.0 3.0 2.95| 3.8 | 3.06 4.75) 3.35| 2.8 2.95 3.5
3.15 | 13.0 2,95 295 3.58} 3.0 4.2 3.3 2.8 | 2.9 3.5
3.15 | 13.0 2.8 | 2.95] 3.62! 2.95| 4.0 3.25 | 2.95| 2.95 3.58
3.2 |13.0 2.8 | 2.95| 3.42| 2.9 3.75 | 3.25| 2.95| 2.9 3.6
3.25 | 13.0 2.8 3.0 3.821 2.85| 428 3.15 2.95 | 2.95| 3.6
3.32 | 13.0 2.8 | 3.0 4.42| 2.85| 3.98| 3.1 | 2.95| 2.95 3.6
3.42 | 13.0 2.88 | 3.0 4.8 | 2.8 3.9 3.1 2,95 2.9 3.6
3.55 | 13.0 2.75 ) 3.0 4.62 | 2.95| 3.7 3.1 2,921 2.95 3.6
3.75 | 13.0 2.85 | 3.0 4.2 2.95| 3.65| 3.15 | 2.85| 2.95 3.6
4.08 | 13.0 2.85 | 3.0 4.15| 2.8 3.6 3.2 2.82 | 2.9 3.6
4.95 1 13.0 2.85 | 2,95 4.1 2.85 ) 3.65 | 3.35| 2.8 2.95 3.6
4.85 [11.75 | 2.85 | 2.95| 4.0 2.85| 3.48( 3.2 2.85 | 2,95 3.55
5.05 | 9.5 2.85 | 2.95| 3.8 | 2.98| 3.4 3.2 2.85 | 3.02 3.55
5.18 | 8.65| 2.8 | 2.95| 3.78 | 3.35| 3.4 3.15 | 2.95] 3.32 3.55
528 | 8451 2.85| 2,951 3.75 [....... 3.4 3.151 2,921 3.5 3.55
545 | 8.25 2.85| 2.95| 3.75 | 3.5 3.25 | 3.15| 2.9 3.5 3.55
5.28) 7.35| 2.8 | 2.92| 3.72| 3.48| 3.25| 3.08| 2.95| 3.5 3.6
4.9 5.9 2.8 | 2.9 3.7 3.4 | 3751 3.0 2.92 1 3.5 3.6
4.55 | 4.9 2.85 | 2.9 3.65 | 3.4 3.72 ] 2.95| 2.9 3.5 3.6
4.5 4.5 2.85 | 2.9 4.0 3.4 3.75 | 2.95| 2.9 3.5 3.6
4.65 | 3.75 | 2.8 | 2.9 3.85 | 3.4 3.5 2.921 2.8} 3.5 3.6
4.88 | 3.35| 2.9 2.9 3.72 | 2.9 3.45| 2.9 2.85 | 3.5 3.6
5.156 | 3.05| 2.9 2.9 3.65 | 3.0 3.4 2.8 | 2.9 3.5 3.6
532 2.95 | 2.9 2.9 3.55 1 3.25 | 3.7 2.8 2.88 | 3.5 3.6
542 | 2.8 | 3.0 2.95 ( 3.5 3.0 3.45| 2.75| 2.8 3.5 3.6

5.52 ..., 2,95 2.92| 3.45 3.25| 3.92| 2.75| 2.85 | 3.5 3.6
5.65 || 205 2.0 ) 3.35) 3.25 ) 3.95)| 275 2.9 | 35 3.6
5.95 |....... 295 ... 3.8 |....... 3.48| 2.7 ....... 3.5 feeienn.

NortE.—Ice conditions january 1 to February 24, inclusive.
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Station rating table for Redwater River at Belle Fourche, S. Dak., from January 1 to Novem-
ber 30, 1905.

hglzﬁ- Discharge. h(e?ig%%. Discharge. hgig % Discharge. h%g%i Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Secft. :
2.70 120 3.30 323 3.90 607 4.50 942
2.80 148 3.40 365 4.00 660 4.60 1,002
2.90 178 3.50 410 4.10 714 4.70 1,064
3.00 210 3.60 457 4.20 769 4.80 1,130
3.10 245 3.70 505 4.30 825 4.90 1, 200
3.20 | . 283 3.80 555 4.40 883 _ 5.00 1,265

The above table is applicable only for open-channel conditions. It is based on six discharge measure-
ments made during 1905, and is well defined between gage heights 2.7 feet and 4.9 feet.

Estimated monthly discharge of Redwater River ot Belle Fourche, 8. Dak., for 1905.

[Drainage area, 1,015 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. Second-feet 5
Maximum.| Minimum. | Mean, | 2cre-feet. {1 . s%uare li):gﬁgsm

mile. .
........................... 210 134 171 10, 510 0.168 . 0.194
1| 210 178 192 11, 420 .189 .21%
............................. 1,144 178 554 34, 060 .546 .630
O 410 163 256 15, 230 . 252 .281
............................. 1,097 |- 303 520 31,970 .512 .580
.......................... 374 120 247 15,190 .243 .280
194 120 170 10,120 167 .186
October. .. . 410 ) 184 296 18,200 .292 .337
November.........._. s 457 410 445 26,480 .438 .489
Thevperiod. .. .. ... . e e 178,200 | oot

NoTE.—No estimate for ice period.
SPEARFISH CREEK NEAR SPEARFISH, S. DAK.

Spearfish Creek rises in the Black Hills in western Lawrence County, S. Dak., and flows
northward into Redwater River. '

The gaging station was established March 30, 1904, It is located at the Chicago, Bur-
lington and Quincy Railroad bridge at Bradley’s ranch, 1 mile above Spearfish, S. Dak., in
the SW. 1,sec. 14,T.6 N., R. 2 E. Tt replaces the temporary station maintained during a
part of 1903 at Toomey’s ranch, 6 miles from Spearfish, and was placed at this point to get
above the ditches which take water from Spearfish Creek in the town of Spearfish.

The channel is very crooked and the current is swift and full of rapids. Both banks are
low, are covered with trees and brush, and overflow only when the stream freezes and the
water runs over the ice. The bed is composed of coarse gravel and cobblestones and is not
subject to much change. There is but one channel at all stages. Gage heights range from
0.8 foot to 7 feet.

Discharge measurements are made by wading at the gage. In high water they can be
made from the bridge to which the gage is attached.

A staff gage, which was read during 1905 once each day by Bessie L. Bradley, is spiked ver-
tically to a pile supporting the bridge near the right bank on the lower side. The gage is
referred to bench marks as follows: (1) A drift bolt driven into the base of a cottonwood
tree on the right bank, 50 feet below the gage; elevation, 4.02 feet above the zero of the
gage. (2) The top of the head of a bolt in a pile in the first bent from the gage; the bolt is
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marked by a spike driven through a flaw in the washer; elevation above the zero of the
gage, 6.25 feet.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 130 of the Urited States Geological Survey, pages 175-177, 192.

Discharge measurements of Spearfish Creek near Spearfish, 8. Dak., in 1905.

Date. Hydrographer Width. ;%Z%?oﬁf. vgldoeéailtly. hg[iz%?:. ch];zl‘sg-e.
Ft. per

Feet. Sq. ft. sec. Feet. Sec.-ft.
25 22 3.26 0.96 70
44 54 4.80 1.85 259
31 31 4.16 1.28 129
32 30 4.83 1.24 145
34 29 3.72 1.12 108

Daily gage height, in feet, of Spearfish Creek near Spearfish, 8. Dak., for 1905.

Day. Jan. ! Feb. | Mar. [ Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
0.95) 1.3 0.85| 0.95| 1.15| 1.25| 1.3 1.25 ) L1 1.05}1 1.05 1.05
L9510 1.5 .85 .95 1.3 1.25 | 2.02 1.25 1.05 1.05 1.0 1.(5
95| 2.65 .85 95| 1.3 1.25 | 2.5 1.25| 1.05| 1.05| 1.0 (.......
.95 3.05 .85 .9 1.3 1.2 2.05 1.2 1.05; 105, 1O |.......
.9 3.3 .85 .9 1.3 1.35 1.75 1.2 1.05 1.05 1.0 [......
.9 3.15 .85 .95 1.3 1.25 1.75 1.2 1.05 1.05 1.0 [.......
.8 ] 3.4 .85 95| 1.45| 1.25) 1.65 ) 1.2 1.1 1.05) 1.0 [.......
.85 1 3.1 .85 .95 1.7 1.25 1.65 1.2 1.1 1.05 1.05 |.......
.95 2.9 .85 .95 2.25 % 1.3 1.55 | 1.2 1.1 1.05 | 1.05).......
1.05 2.0 .85 .95 2.45 1.3 1.45 1.2 1.05 1.05 1.05 [.......
2.45| 1.0 .8 | 1.0 2.15| 1.3 1.45 | 1.2 1,05 | 1.05| LO5|.......
2.45| 1.0 8| Lo 2.0 1.3 1.45 | 1.2 1.05 | 1.05] 1.05 |.......
2.45 % 2.0 .85 .95 2.0 1.3 1.4 1.2°) 105, 1L05| 1.05 ' _.....
2.9 3.75 .85 .95 2.0 1.25 1.4 1.2 1.05 1.05 1.05 [.......
3.7 3.75 .85 .95) 1.95| 1.25| 1.3 1157 1.05) 1.05| 1.05 |.......
3.35 | 3.7 .85 951 1.8} 1.35 1.25) 1.15| L05) 1.05| 105 .......
3.3 3.5 .85 .95 L75] 135 1.251 1.154 1.05) 1.054 1.05 .......
3.2 3.5 .85 951 175 1.45| L1250 L15¢( LO5| 1.05( 1.05{. .._...
3.2 3.5 .85 95 175 1.45 1.25) 1.15( 1.05| 105 1.05|.......
85| 3.4 .85 .95 1.75 1.45 1.55 1.15 1.05 1.05 1.05 |.......
.85 | 3.35 .85 95 1751 145 1.45( 1.15( 1L05] 1.05 ] 1.05|.......
.9 2.8 ), .8 | 1.0 1.75 | 1.45| 1.35] 1.1 .05 105 1.05 |.......
.85 .85 .81 1.0 1.6 1.45 1.3 1.1 1.05 1.05 1.05 |.......
.95 .85 .85 1.05| 1.5 1.45 | 1.3 1.1 1.05) 1.05] 1.05 |.......
10 .85 .8 | 1.1 1.5 1.45| 1.25( 1.1 1.05 | 1.054§ 1.05|.......
.85 .85 85| 1.15| 1.45| 1.45| 1.25| 1.1 105 1.05( 1.05|.......
.85 .85 .85 1.15 ] 1.4 1.45| L25 1.1 1.05| 1.05f 1.05|.......
.85 .85 .9 1.15 1 1.4 1.4 1.25 | 1.1 1,05 1.06| 1.05 [.......
85 . .9 1.15| 1.35 ] 1.4 .25 1.1 1.05) 1.05] 1.05'.......
B 15 T, 951 115 1.35) 1.35 ] 1.25| 1.1 1051 1.05] 1.05 S
85 ... L95 oo.ao.s ) 25 N DR 1.25] 1.1 |....... 105 foeeieer ciaians

NotE.—Ice conditions January 1 to February 22, inclusive.
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Station ra;tmq table for Spem_‘ﬁsh Creek near Spearfish, 8. Dak., from February ,”23 to Novem-

ber 30, 1905.
Gage i -l Gage i Gage i Gay i
beight Discharge. height. Discharge. height. Discharge. height. Discharge.
Feet. Sec-ft. Feet. Sec.At. Feet. Sec-ft. Feet. Sec.fl.
0.90 6L 1.40 164 1.80 265 2.20 397
1.00 80 1.50 187 1.90 295 2.30 435
1.10 100 1.60 211 2.00 327 2.40 475
1.20 121 1.70 237 2.10 361 2.50 517
1.30 142

The above table is applicable only for open-channel conditions. It is based on eight discharge meas-
urements made during 1904-5, and is not well defined. .

Estimated monthly discharge of Spearfish Creek near Spearfish, S. Dak., for 1905

[Drainage area, 230 sguare miles.]

‘ Discharge in second-feet. Run-off.
Month. Total in

Maximum.| Minimum. | Mean, | ®cre-feet. %Zi':gi];er? ]i):g]gs.m
February 23-28. .. ._............ 52 52 52.0 619 0.226 0. 050
March. . 70 52 53.7 3,302 .233 . 269
April ... aeee 110 61 7.1 4,707 .344 .384

MaAY .t 496 110 231 14,200 1.00 1.15
June.....oiiiiiiiiiiiiias 176 132 153 9,104 .665 .742
July.. 517 132 185 11,380 .804 .927
August . 132 100 113 6,948 .491 . 566
September. e 100 90 91.3 5,433 .397 .443
OCtOber . «omneeiineneneeanns.e. % 90 90.0 5,534 .391 .451
November. ...................... 90 80 83.0 5,236 .383 . 427
The period . . ... oot 66,460 |...coooiiafiaeaaann

Nore.—No estimate for ice period.
REDWATER CANAT AT MINNESELA, 8. DAK.

This station was established May 7, 1304. It is located on the bridge across the canal in
the town of Minnesela, 4 miles from Belle Fourche, S. Dak., in sec. 24, T.8 N., R. 2 E.

The channel is straight for 200 feet above and below the station. The bed is composed
of soft mud covered with water grass, which in the late summer lessens the flow of the canal
considerably. There is but one channel at all stages, and the current is medium. Water is
turned off the canal from about October 20 to May 20, and observations are discontinued
during that period. Gage heights range from 1.5 to 3.5 feet.

Discharge measurements are made from the bridge to which the gage is attached. The
Initial point for soundings is a spike in the bridge over the edge of the canal at the right
bank, downstream side.

The gage, which was read twice each day during 1905 by Robert H. Mitchell, is a vertical
staff fastened to the bridge. The bench mark is a spike in a tree on the left bank about 100
feet from the gage; elevation, 4.00 feet above the zero of the gage.

A description of this station, with gage height and discharge data is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 178-179.
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Discharge measurements of Redwater canal at Minnesela, 8. Dak., for 1905.

Date. Hydrographer. Width. s‘g‘z%ogf freblltoec'alflt]y. hgig%?:. chlgj-sg-e.
Ft. per
Feet. Sgq. ft. sec. Feet. Sec.-t.
H. D.Comstock.......... - 16 25 1.52 2.51 38
..... do. ol 16 31 1.94 2.95 61
..... [ Lo 2 16 23 107 2.40 25
..... [ L 3 N 16 10 .10 1.60 al

a Estimated.

Daily gage height, in feet, of Redwater canal at Minnesela, S. Dak., for 1905.

Day. May. | June.| July.| Aug. |Sept.| Oct. Day. May.}June. July.| Avg. | Sept.| Oct.

25 |21 | 3.0(3.0
2.65 | 2.05 | 3.0|3.0
2.8 120 | 3.0]3.0
2.8 {2.0 | 3.03.0
2.8 [2.0 | 3.0/(3.0
28 |20 | 3.0]3.0
428 20 | 38230
2.85 20 | 3.4]3.0
2.95(2.05| 3.43.0
3.0 | 245 3.4|3.0
3.0 |2.45] 3.4|3.0
3.0 |25 | 3.4(3.0
3.05025 | 3230
3.2 [25 | 3.0(30
3.3 |2.45 3.0]295
2.0 (25 | 3.0]29

) ¢ SO 09525 | 3.0|29 | L9
1.0 (22 | 3029 | 18
.3 |19 | 3.0 29| 1.8
2.0 |19 | 30|29 | L8
2.0 |19 | 30129 | 1.8
2.0 2.0 | 3.0|27 | 1.7
2.4 |25 | 3.0|26 | L7
255 25 | 3.0|26 |......
2.5 (225 3.0|2.7 |......
2.4 |20 | 30|27 |......
2.4 |20 | 30027 |......
2.0 [2.95| 3.0]27 |......
2.0 |31 | 30|27 |......
2.0 (30 | 3.0{27 |......
...... 3.0 | 3.0 ... |oe....

R I I R R N R R N N N SN T
OGOO@CJ‘U‘U\MU‘\]\I\I\]\]\I
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Daily discharge, in second-feet, of Redwater canal at Minnesela, S. Dak., 1904-5.

1904. 1905.
Day. i
May. | Jupe. | July. | Aug. | Sept. | Oct. | May. | June. | July. | Aug. | Sept. | Oct.
67 30 97 24 29 |....... 37 12 60 55 36
35 35 97 24 32 46 0 60 55 36
9 28 97 2 29 |. 56 9 60 55 36
9 4 97 29 2% T 56 9 60 55 36
9 60 97 29 26 ... 51 9 60 55 36
9 64 97 29 24 ..., 51 9 60 55 36
9 64 99 46 24 |....... 51 9 74 55 26
9 64 81 66 24 |....... . 54 9 89 55 26
4 64 97 10 89| 55 26
2 64 97 28 89| 55 26
0 64 97 28 89 55 26
0 64 97 30 89 55 26
0 64 97 30 74 55 7
0 64 97 30 60 55 7
0 64 97 28 60 52 7
0 64 81 30 55 48 7
0 64 81 30 55 48 4
2 81 16 55 48 2
3| 56 70 6 55 52 2
47 59 6 55 48 2
47 60 59 6 55 48 2
47 74 59 9 55 39 1
44 T4 59 30 55 31 0
1 67 59 30 55
47 70 70 18 55
47 67 81 9 55
30 32 81 9 55
30 35 81 56 55
30 89 kv 67 55
30 89 73 60 55
....... 81 73 60 55

Noti.—The daily discharge is based on a series of parallel curves, each covering a short period of time.
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Estimated monthly discharge of Redwater canal at Minnesela, 8. Dak., 1904-5.

i  in s d-feet.

Month . Discharge ll’i iec}ﬂ eet. Total in

Maximum.| Minimum. | Mean, | 8cre-feet.
81 35 52.0 2,475
67 0 21.4 1,273
89 28 60.3 3,708
97 59 83.3 5,122
81 0 24.3 1,116
32 4 22.9 500
................................. 14,520

1905.

JUDe . e ‘ 87 0 37.0 2,202
1 67 6 22.6 1,390
AUBUSE. . i 89 55 63.0 3,874
September.. ... ... 55 31 47.7 2,838
October 1-23. . ... i 36 0 18.0 821
BN T3 T o 1o RN O D U, 11,120

WHITE RIVER DRAINAGE BASIN.
WHITE RIVER AT INTERIOR, S. DAK.

White River rises in the northwestern part of Nebraska, flows northeastward, then east-
ward, and empties into the Missouri in southeastern Lyman County, S. Dak. The greater
part of its course lies through the Bad Lands, which consist of white-clay cliffs and broken
bottoms. There is little timber along the river and almost no land under cultivation. The
main floods occur in March, May, June, and July.

The gaging station was established June 24, 1904. Tt is located at the ford about one-
fourth mile northeast of Interior, S. Dak.,in T. 3 S., R. 18 E.

The channel is curved for about 1,000 feet above and 500 feet below the station. Both
banks are high and clean and overflow only at extreme high water. The bed is composed
of sand and gravel and is shifting. There is but one channel at all stages except the very
lowest, when there may be several channels. The slope at the station is about 3 feet per
. mile. The current is sluggish at low water. Gage heights range from 1 foot to 16 feet.
The stream is frozen from about December 20 to March 10, and observations are_discon-
tinued during that period.

Discharge measurements are made by wading at the gage. The initial point for sound-
ings is the top of the inclined gage. :

The gage was read once each day during 1905 by George L. Johnson. Originally an
inclined gage in two sections was attached to posts set in the bed and left bank of the
stream. This gage and bench mark No. 1 were destroyed July 3, 1905. Records were
referred to a temporary mark until August 31, 1905, when a new gage was established. It
is inclined, consists of three sections, and is graduated to read direct. It is fastened to a
post driven in the left bank, and a stump to a post driven near, both about 200 feet above
the old gage, and to a post driven in the middle of the channel. Bench mark No. 1is a
spike driven in a blaze on a tree 50 feet above the old gage on the left bank; elevation, 10.26
feet above the zero of the gage. Bench mark No. 2 is a 60-penny spike in a 30-inch tree,
blazed, 100 feet northeast of the new high-water gage; elevation, 14.83 feet above the zero
of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 130 of the United States Geological Survey, pages 181-183.
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Discharge measurements of White River at Interior, S. Dak., in 1905.

) : Area of | Mean Gage Dis-
Date. Hydrographer. Width) gootion. | velocity. | height. | charge.
Ft. per
Feet. | 8q.ft. sec. Feet. Sec.ft.
112 60 147 1.80 88
133 214 2.24| . 3.06 479
August 31.....|..... 5 105 59 1.49 2.03 88

Daily gage height, in feet, of White River at Interior, S. Dak., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
3.0 1.9 2.8 3.75 [oeeannan 2.05 1.8 2.1
4.1 2.5 5.5 9.2 5,05 1.95 1.8 2.5
4.9 4.2 5.3 13.5 4.35 1.95 1.9 2.0
3.0 7.5 4.2 4.05 2.3 1.9 2.0
2.5 6.5 2.0 3.35 2.25 1.9 2.0
2.4 6.3 1.8 [.aceo..e 3.061 2.15 1.9 2.0
2.2 4.8 1.8 |oceeiann 2.85 1.95 1.9 2.0
S AP T 2.2 3.4| 19 495| 235 18| 1.9 2.0
M, M 2.2 2.9 1.8 4.65 2.25 | 1.85 1.9 2.0
100 e 2.2 2.8 1.65 4.35 2.25 1.9 19 2.0
2.2 2.5 1.6 5.0 2.15 1.9 1.95 2.0
2.0 2.4 1.8 4.95 5.2 1.9 1.95 2.0
2.6 2.3 1.6 4.25 5.15 1.9 1.95 2.0
2.6 2.1 1.9 3.85 4.35 1.9 2.0 2.0
3.5 2.1 2.3 3.05 4.45 1.9 2.0 2.0
3.5 2.0 3.0 2.95 4.1 1.9 2.0 2.0
3.0 19 4.2 2.75 3.95 1.9 1.95 2.0
2.8 19| 16.0 2.45 3.85 1.9 1.9 2.0
2.8 2.6 1.8 6.0 2.35 3.65 1.9 2.0 2.0
2.7 2.5 1.8 6.0 4.05 3.35 1.9 2.3 2.0
2.7 2.4 1.8 5. 2 2.95 3.05 1.9 2.2 2.0
2.65 2.4 1.7 5.0 5.05 2.65 1.9 2.2 2.0
2.65 2.3 1.9 4.7 3.35 2.45 1.9 2.2 2.0
2.7 2.0 1.8 4.5 3.15 2.25] 1.9 2.1 2.0
2.7 2.0 1.9 4.3 2.85 2.25 1.9 2.1 2.0
2.9 1.9 1.9 4.2 2.75 2.15 1.8 2.1 2.0
2.95 1.9 1.9 3.0 2.65 2.15 1.8 2.1 2.1
2.9 1.9 1.9 2.15 1.8 2.2 2.2
2.95 1.9 5.6 2.15 1.7 2.2 2.2
2.2 1.9 3.3 -] 215 1.7 2.2 2.2
2.1 ... 3.0 |-aean.os PR -5 1 3 PR 2.1 |l

NoTE.—Water over top of gage July 4-7 and July 29 to August 1.

NIOBRARA RIVER DRAINAGE BASIN.
DESCRIPTION OF BASIN.

Niobrare, River rises in the mountains of eastern Wyoming, flows eastward through the
northern portion of Nebraska; and empties into the Missouri in Knox County at the city
of Niobrara. Its drainage basin is narrow in the upper portion, but broadens consider-
ably near the mouth; it comprises about 9,012 square miles.

Throughout the middle portion of its course the river runs in a deep canyon, varying in

“depth from 100 to 300 feet. Beyond the canyon are high, rolling, and sometimes broken
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table-lands, traversed here and there by deep canyons cut by the numerous tributaries of
the river. Large areas of rolling sand hills border these table-lands in portions of Sheridan,
Cherry, Brown, Rock, and Holt counties. Formerly these sand hills were very shifting,
but within recent years they have become overgrown with a comparatively luxuriant
growth of grasses which serves to render them more permanent.

The soil throughout the region is generally sandy, and there is little or no timber except
for a few pines on the bluffs of the canyons of the main stream and its tributaries. Lying
generally in an east-west direction between the sand hills are extensive hay flats, and on
the firmer soils considerable farming is done, for though the annual rainfall is small, most
of it occurs during the growing months, and comparatively large quantities of corn, wheat,
melons, etc., are produced. By far the greater part of the drainage area of the stream, how-
ever, is given over to range land for cattle. The Niobrara Forest Reserve, which lies between
Niobrara and Snake rivers, consists almost wholly of sand hills, except along the borders.

Precipitation within the basin variesfrom 15 to 18 inches in the upper portion, from 18
to 21 inches in the middle portion, and from 21 to 24 inches in the lower portion. Evap-
oration is 6, 5,and 44 feet in the upper,middle, and lower portions, respectively. Sixty-
nine per cent of the precipitation falls during April, May, June, July, and August, and about
one-half of the remainder is snowfall.

The river is not subject to periodic rises of any extent, owing to the fact that the sand
hills which form so large a portion of its drainage area act as storage reservoirs for the rain
and snow, which are afterwards fed to the stream in the form of spring water, thus equal-
izing the flow and making the constancy of the discharge almost phenomenal.

In the southern part of Cherry County are numerous small lakes which form the head-
waters of tributaries. These lakes are subject to slight periodic rises which lag consider-
ably behind the periods of greatest rainfall, and on one of them, Red Deer Lake, a gaging
station was established in order that this characteristic might be studied.

The principal tributaries are Verdigris, Keya Paha, and Snake rivers, and Minnechaduza
Creek. The drainage ares of the Snake is similar in nearly all respects to that of the western
part of the Niobrara.

The water resources of the Niobrara are at present almost wholly undeveloped, irriga-
zion being limited to the low, narrow flood plains in the bottoms of the canyons. On Minne-
chaduza Creek, at Valentine, an artificial lake has been formed by a dam, and a power plant
has been installed for lighting and for furnishing the city with water. On the lower portion
of the Niobrara a number of mills are in operation, receiving their power from small tribu-
taries. On Snake River possibilities for power development are phenomenal, but long
transmission lines would be required to make it of practical value.

Detailed information in regard to this drainage basin is contained in the following reports:

A reconnaissance of Niobrara River and its tributaries, by J. C. Stevens: Third Ann. Rept. U. 8.

Recl. Service (2d ed.), 1905, pp. 338 et seq.
Preliminary report on the geology and water resources of Nebraska west of the 103d meridian, by

N. H. Darton: Nineteenth Ann. Rept. U. 8. Geol. Survey, pt. 4, 1898, pp. 719 et seq.
NIOBRARA RIVER NEAR VALENTINE, NEBR.

This station was established July 22, 1897, and was known as the Fort Niobrara station.
June 26, 1901, it was moved about 3 miles farther upstream to the Borman Bridge, in sec.
4, T. 34, R. 28, about 3 miles southeast of the town of Valentine.

At the gaging station the stream lies on an easy curve. The banks are heavily wooded
and high and are not liable to overflow. The bed is composed of cobblestones and sand,
which at times of high water scours out, leaving the rocks comparatively bare. The shift-
ing of the sand renders the development of a good rating curve a difficult matter, and the
method of applying a rating table indirectly has been largely used. There are no natural
obstructions in the stream and the current is always swift. The range of gage heights
seldom exceeds 2 feet except in the case of a “‘cloudburst,” when the very lowest bottom
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land has been flooded for a few hours. The river seldom freezes completely over, and
during 1904 and 1905 records of gage heights were obtained throughout the winter.

Discharge measurements are made from a single-span steel bridge. The initial point
for soundings is the zero mark on the upstream hand rail in line with the west face of the
east pier.

The gage, which is observed by John Borman, is of the wire and weight type, and is
located about 1,000 feet upstream from the bridge on the left bank. The length of the
wire is 9.90 feet. The gage is referred to bench marks as follows: (1) The head of a nail
driven in the stump of a boxelder tree—one of a clump of four—just east of Mr. Borman's
house; elevation above the zero of the gage, 17.26 feet, (2)A 2 by 6 inch pine head block,
on which the gate cf Borman’s fence rests when closed; elevation above the zero of the gage,
16.19 feet. As a check, the elevation of the water surface at the time of making the
measurements is-referred to the bottom of the upstream end of the second floor beam from
the end of the bridge on the left bank.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: Ann 20,iv, p255; WS 66, p 25: 84, p 18; 99, p 46; 130, pp 183-184.

Discharge: Ann-18, iv, p 193; 20, iv, pp 255, 301; WS 66, p 25; 84, p 18; 99, p 46; 130, p 184,

Discharge, daily WS 130, p 185.

Discharge, monthly: WS 84, p 20; 99, p 48: 130, p 186.

Gage heights: WS 66, p 25; 84, p 19: 99, p 47; 130, p 184.

Rating tables: WS 84, p 19; 99, p 47. -

Discharge measurements of Niobrara River near Valentine, Nebr., in 1905.

Date. Hydrographer. Width. ?e(rzg?ogf velil 0?:?{‘}7. hgiz t. chgri‘;—e.
Ft. per

Feet. Sq. ft. sec. Feel. Secft.
March 13...... E.L.Thomas....................... 117 220 4.13 1.64 910
May3l........ H.C.Gardner....................... 120 253 4.51 1.85 1,142
June29. ... _[..... [ L 120 227 4.89 1.80 1,111
July19........ G. W. Bates .... 120 203 4.06 1.50 |, 818
August 15. _...| H. C. Gardner. .. 105 204 4.78 1.651 978
October 15....|.....do........... 120 228 3.65 1.55 834
November 15.. | G. W. Bates.._._._................_. 115 207 4.28 1.65 886
December 27.._.|..... L 110 208 4.53 1.75 940
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Daily gage height, in feet, of Niobrara River near Valentine, Nebr., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
2.15) 2.78| 2.3 1.65| 1.53| 1.76| 176 | 1.88) 1.48 | 1.45| 1.57 1.95
1.9 2.8 2.151 1.8 .55 175} 3.15, 1.8 | L5 1.43 ] 1.6 1.35
215 3.35! 2.0 1.78 | 1.62| 1.86| 2.8 175 1.45| 1.47| 1.56 1.23
2.03| 3.6 1.78 | 1.8 2.03| 168 24 1.7 1.44( 1.45 1.59 1.37
205 3.77| 1.75| L71| 1.8 1.65| 2.32| 1.67| 1.48| 15 1.62 2.18
2.02| 3.9 1.8 1.66§ 1.75| 1.5 215 1.68| 1.45| 1.52| 1.57 2.2
2.0 3.8 | 1.78| 1.6 1.68| 1.48| 2.05| 1.65] 1.49! 1.49 | 1.59 2.1
203 3.7 1.75 | 1.62| 1.65| 1.5 1.82| 1.67| 1.53| 1.55| 1.61 2.15
1.9 3.6 1.7 1.6 1.6 1.55| 1.93| 1.66| 1.55| 1.57 | 1.59 2.2
2.07| 3.67| 1.64| 1.82) 1.63| 1.75| 1.85| 1.58| 1.5 1.53 | 1.58 2.03
2.45| 3.95| 1.62| 1.68| 1.7 1.7 1.8 .55 1.47 1.‘45 1.61 2.0
3.2 4.0 1.6 1.57 ) 1.63| 1.55| 1.68} 1.55| 1.45| 1.44| 1.6 1.98
3.6 3.9 1.64 | 1.55| 1.55| 1.58| 1.65| 1.58 ’ 1.42 | 1.45( 1.59 2.0
3.15 | 3.9 1.60 | 1.62| 1.64| 1.56| 1.6 1.72| 15 15 1.63 1.9
3.9 3.65| 1.63| 1.7 1.6 1.55] 1.62| 1.64| 149 | 1.55| 1.64 1.9
3.85| 3.6 1.67 | 1.66| 1.65! 1.6 1.65 | 1.6 1.52 1 1.48| L6 1.92
3.15| 3.35| 1.66| 1.65| 1.53| 1.57| 1.68| 1.55| 1.47 | 1.48 | 1.63 1.88
3.2 3.56} 1.73; 1.6 1.5 1.93) 157 1.53) 1.55| 1.49 | 1.65 1.75
2,77 | 3.38| L7 1.57 | 1.53| 1.75| 2.48| 1.51| 1.48| 1.55| 1.65 1.76
2.5 3.16 | 1.62| 1.55| 1.52| 1.95| 2.15| 1.48| 1.45! 1.5 1.66 1.78
2.2 3.1 1.65| 1.53) 1.52| 1.6 .95 1.5 1.45) 1.52| 1.67 1.75
2.38| 3.18} 1.63] 1.54( 1.53| 1.77| 1.76 | 1.53| 1.47| 1.5 1.7 1.75
2.33| 2.8 1.7 1.53 | 1.5 1.63 | L75] 1.5 1.5 1.48 1.72 1.69
24 2.45| 2.74| 1.68} 1.67| 1.48| 1.78| 1.6 1.5 L,45] 1.49| 1.74 1.65
25 2.83| 2.6 1.65| 1.68| 1.52| 2.04] 1.73| 1.45] 1.42| 1.5 1.73 1.63
26 2.25| 3.0 1.6 1.73| 1.53| 1.8 1.62 | 1.42| 1.5 L5 1.7 1.75
27 2.33| 2.7 1.62 | 1.6 1.78 ) 2.5 1.6 1.45( L.52| 1.53| 1.75 1.72
28 2.57| 2.8 1L75| 1.6 1.65 1.95| 1.6 1.43| 1.45] 1.54| 177 1.65 .
. 2.85 |....... 1.65 | 1.55| 2.2 1.72 | 161 | 1.49| 1.5 1.58 | 1.56 1.58
30. .ol L9 |....... 1.58| 1.5 |"1.95| 1.85| 1.87| 1.45| 1.47| 1.56| 1.35 1.7
) B, 2.0 |....... 16t |....... 1.85 |....... 1.8 148 |....... 169 |....... 1.56
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Daily discharge, in second-feet, of Niobrara River near V alentine, Nebr., for 1905.

Day. Mar. Apr. | May. | June. ' July. Aug. | Sept. Oct. Nov.

905 740 | 1,005| 1,065 | 1,375 760 725 | 820

1,125 760 990 | 3,420 | 1,270 785 705 855

1,095 835 | 1,160 | 2,845 | 1,150 730 745 805

1,125 | 1,480 895 | 2,165 1,070 720 725 835

985 | 1,090 860 |, 2,044, 1,025 760 780 870

900 | 1,015 695 | 1,755 | 1,040 730 800 810

835 910 680 | 1,600 990 770 765 830

860 870 700 | 1,210 | 1,015 815 835 850

835 810 750 | 1,400 | 1,005 840 855 825

1,150 845, 1,005 1,280 990 780 810 815

935 935 935 | 1,200 850 750 725 845

795 845 750 | 1,020 850 730 715 830
775 750 785 980 885 700 725 815-

855 855 765 915 1,085 780 775 865

960 805 755 950 930 770 834 880

905 865 815 | 1,000 905 | 805 750 825

890 730 780 | 1,0 845, 750 750 360

825 700 | 1,310 900 820 840 760 880

790 725 | 1,020 | 2,420 795 760 825 880

770 715 1,345 | 1,855 765 725 765 890

745 715 820 | 1,515 785 725 785 900

755 725 1,055 | 1,190 820 750 | 760 940

745 695 860 | 1,170 785 780 740 965

910 675+ 1,075 940 785 725 750 995

910 925 710 | 1,515| 1,135 730 700 755 980
845 995 720 | 1,110 965 700 | 780 755 935
870 820! 1,035 | 2,300 935 730 800 785 1,005
1,055 820 855 | 1,365 935 710 25 795 1,030
910 760 | 1,740 990 | 1,005 770 | ¢ 780 840 760
820 710 | 1,310 | 1,200} 1,365 730 745 815 575
855 ... ..... ‘ 1,140 |........ 1,240 760 f...o.... | 845 . ......

NoTE.—The daily discharge was obtained by the indirect method. Owing to the uncertainty of ice
conditions and lack of high-water measurements no estimate was made January 1 to March 4 nor De-

cember 1-31.

Estimated monthly discharge of Niobrara River near Valentine, Nebr., for 1905.

[Drainage area, 6,070 square miles.]

Discharge in second-feet. Run-off.
Totalin |
Month. Second-feet | 1 . :

Maximum,| Minimum. | Mean. | 2cTefeet Do Square Di;g}tlgs'_n
1,150 820 945 50,610 0.156 0.157
1,150 710 883 52,540 | .145 .162
1,740 675 890 54,720 | 147 170
2,300 680 1,010 60,100 | .166 185
3,420 900 1,402 86,200 .231 .266
1,375 700 902 55,460 | 149 172
September . 840 700 760 45,220 | J125 140
October. ..o v, 855 705 774 47,590 | .128 .148
November. .....coceecuaaaanaa.. 1,030 575 866 51,530 | 143 .160
The period. .. ..cccoiemiifoneaneanooe]iiiiaa i iiaiaeans 504,000 [io.cievirninfenanaanann

1gr 172—06——12
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RED DEER LAKE NEAR WOODLAKE, NEBR.

This station was established August 12, 1904. The lake is located in secs. 16, 17, 20,
and 21, T. 30 N, R. 27 W, about 16 miles south of Woodlake post-office and about 30
miles south of Valentine, Nebr., and is representative of the numerous lakes of this region.
The station was established for the purpose of determining the cause and amount of the
periodic rise of these lakes, which, according to local authorities, is often several feet, begin-
ning in April or May. )

The lake covers about 1 square mile of surface and is merely a valley or flat in the sand
hills, filled with water. The depth varies from 1 foot to 15 feet, the average being prob-
ably about 8 feet. The bed is entirely of sand, and the margin is thickly grown with
rushes, etc.

The gage was observed by J. S. Brosius. It consists of a staff fastened to a post at the
end of the boat landing 200 yards south of Cochran’s ranch house near the east end of the
lake. The bench mark is a group of three spikes driven horizontally near the base of a
cottonwood tree 12 inches in diameter, located 40 feet south and 20 feet east of the south-~
west corner post of the large windmill tower just west of Cochran’s house; elevation above
the zero of the gage, 9.61 feet. '

The station was discontinued October 31, 1905.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper of the United States Geological Survey No. 130, pages 186-187.

Daily gage height, in feet, of Red Deer Lake near Woodlake, Nebr., for 1905.

Day. Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
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MISCELLANEOUS MEASUREMENTS.

Miscellaneous discharge measurements made in Niobrara River drainag? basin, Nebraska,

in 1905. i
3 Mean f

. - Aréa of Dis-

Date. Stream. Locality. section. vgla‘l;gc- charge.
Ft. per

8q.ft. | sec. |Sec.~ft.

April 26.. ..._.i South Fork of Eagle Creek ..| Sec. 9, T.30 N., R. 13 W_.._. - 15 1.66 25
Aprit26.. ..... North Fork of Eagle Creek ..| Sec. 26, T.31 N., R. 13 W.__.. 4.3 1.88 8.1

Aprit 27 .. ... BeaverCreek . ............... See. 19, T. 32 N.,,R. 16 W..... 18 1.12 20

July 18........ Keya Paha River.. ... ... .| . oot iiaiaaanans 58 2.34 136

PLATTE RIVER DRAINAGE BASIN.
GENERAL FEATURES. ~

Considered only with regard to the extent of area drained, the Platte is the most impor-
tant tributary of the Missouri. It is formed by two forks, North Platte and South Platte,
which rise, respectively, in northern and in central Colorado and unite a little southwest
of the center of Nebraska. Its entire drainage basin comprises about 90,000 square miles,
of which in round numbers 36,000 square miles belong to the North Platte and 24,000 to
the South Platte. The Jower course of the river is fairly well settled, but farther west the
population is more scattered.

For convenience the description of the basin is divided, and the North Platte, South
Platte, and Platte River proper are considered separately.

NORTH PLATTE RIVER.

DESCRIPTION OF BASIN.

The source of the North Platte is in North Park, Colorado, or rather in the mountains
which, rising to elevations from 4,000 to 5,000 feet above its general level, hem it in on all
-sides. From the steep slopes of these mountains numerous small streams descend, unite
below into large creeks, and flow outward to the center of the basin. The two which may
be said to form the real head of the North Platte are Grizzly and Little Grizzly creeks,
but within the park the river is joined by four large tributaries, Roaring Fork and North
Fork from the west and Michigan and Canadian creeks from the east. Leaving the park,
the river makes a bold curve northward into Wyoming, but near Caspar, on the north
side of the Caspar Range, it turns abruptly to the east and southeast, maintaining the
latter course to its point of junction with the South Platte in central Nebraska.

Within North Park the topographic features are diversified, including every degree of
roughness from the snow-capped peaks of the Park and Medicine Bow ranges to the level
prairie mesas along the lower portion of the stream. Dense forests occur in the mountain
tracts, the heaviest being those on the east slope of the Park and the west slope of the
Medicine Bow ranges. At an elevation of 8,500 feet above sea level the forests give way
to the open prairie country, which, with the exception of the dense growth of willows
along the river bottoms, is entirely free from forests of any description. The soil, composed
principally of gravelly and sandy loam on the mesas and of sandy and black loam along
the river bottoms, is in general fertile, but climatic conditions are such that the agricul-
tural products are limited to wild hay, roots, and a few of the hardier grains.

In its northward course through Wyoming the stream receives many tributaries, the
Snowy Range on the east contributing its drainage through Douglas, French, and Brush
creeks, while the northeast slope of the Sierra Madre is drained by Beaver, Big Cow, and
Spring creeks and Grand Encampment River. Medicine Bow and Sweetwater rivers are

]
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added to the North Platte between Saratoga and Caspar, beyond which the only impor-
tant tributary is the Laramie, which enters at old Fort Laramie.

The greater part of the region below Saratoga is a rolling, undulating prairie. The soil
throughout Wyoming is a sandy loam of sufficient depth to produce meadows of rich
grasses, even up to elevations of 7,000 feet. At lower elevations the soil becomes more
friable and deeper. ’

Throughout its course in western Nebraska the valley of the North Platte is 10 to 15
miles wide. The present floor, consisting of sediments deposited in a former greater
valley, is bordered by terraces and table-lands scarred by numerous tributaries and
arroyos. The stream is broad and shallow, with a flood plain from 1 mile to 4 miles wide.

The character of the river bed at the Big Bend and at the Seminole Mountains, in Wyo-
ming, seems to indicate a considerable underflow. A part of this is collected at the Big
Bend, and probably the entire amount is brought to the surface as the river passes through
the Seminole Range. In its lower course the bed of the stream is of fine quicksand,
underlain at a depth of from 15 to 20 feet by a hard layer which seems to be clay.

Agricultural efforts in the basin of the North Platte have been largely confined to the
valleys of the tributaries. No important work has been undertaken except on the Laramie,
and this on the plains before that stream has passed through the Laramie Mountains and
received the drainage of their eastern slope. On tributaries of the North Platte, however,
the available lands are all occupied over the entire basin.

The stream is subject to periodic floods, which reach their maximum at the mouth
some time during the latter part of June and are caused by the melting snow on the high
ranges in which the headwater streams rise. The river runs lowest in winter, when it
freezes thickly. High water prevails from the middle of April to the middle of July,
when the river runs bank full.

In the mountain districts the precipitation, which is mostly in the form of snow during
the winter and spring months, varies from 7 to 15 inches, the average being about 11 inches,
Throughout the lower portion of the basin the precipitation is from 15 to 18 inches and
the evaporation from water surface is from 5 to 6 feet.

Information in regard to the basin is econtained in the Annual Reports of the Reclama~
tion Service and in the Annual Reports of the United States Geological Survey, as follows:
Thirteenth, pt. 3, pp. 78-82; Nineteenth, pt. 4, pp. 304-306, 772-774; Twenty-second,
pt. 4, pp. 310-311.

GRIZZLY CREEK AT HEBRON, COLO.

Grizzly Creek rises on the northern slope of the Continental Divide in North Park,
Colorado, flows northward, and unites with Little Grizzly Creek to form the North Platte.
Its principal tributaries are Colorado, Arapahoe, and Buffalo creeks.

The gaging station was established May 13, 1904. It is located at the highway bridge
at Hebron, Colo., about 2 miles above the junction with Little Grizzly Creek and 10 miles
from Walden, Colo., in sec. 29, T. 8 N, R. 8O0 W. ‘

The channel is straight for about 50 feet above and below the station. The banks are
about 3 feet high and neither is liable to overflow. The current is at a right angle to
the gaging section and is uniform and medium at all stages. The bed of the stream is
composed of gravel, with cobblestones and mud on the left side. There is but one channel
at all stages. Gage heights have a range of about 3 feet. The stream is frozen over
during the greater part of the winter season, making gage readings impossible.

At very high stages discharge measurements are made from the downstream side of the
two-span bridge to which the gage is attached. The initial point for soundings is the
face of the left abutment at the zero marked on the hand rail. At low and- ordms,ry
stages discharge measurements are made by wading near the gage.

The gage, which is read once each day by James Peterson,is a vertical staff graduated
from 2 to 9.5 feet spiked to the left downstream corner of the middle erib pier. The -
2-foot mark rests on the bed of the stream. The gage is referred to bench marks as follows:
(1) A 30-penny nail driven vertically into the top of the downstream end of the-top timber -
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of the left abutment of the bridge; elevation, 9.76 feet above the zero of the gage. (2) A
regulation iron bench-mark post 4 feet east of the fence on the west side of the road, 60
feet south of the river bank; elevation, 8.82 feet above the zero of the gage. The eleva-
tion above sea level is approximately 8,100 feet. »

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 53-55.

Discharge measurements of Grizzly Creek at Hebron, Colo., in 1905.

-

Date. Hydrographer. Widih.| S0 | oloaity. | heght. | charge.
Ft. per
Feet. Sgq. ft. sec, Feet. Sec.-ft.
May 17........ W.A Lamb. ... 54 173 1.73 5.70 296
June 17........|..... doo .. 53 76 Rl B PO 206
Jane25........|..... A0 30 29 2.28 4.30 66
July ¥4, ... . ... [ 10 17 8.8 128 3.62 11
August 9......f..... [ 15 5.8 .86 3.50 5
August 24...._ ... 16 8 1.7 .20 3.26 .
September 26. ... L 9 2.5 .84 3.40 2.3
NotE.—Measurements made at different sections.
Daily gage height, in feet, of Grizely Creek at Hebron, Colo., for 1905.
Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct.
5.35 5. 55 3.0 3.5 3.3 3.3
5. 65 5.7 3.4 3.55 3.3 3.2
3. 55 5.7 3.98 | 3.6 3.45 3.45
5.3 5.88 3.98 3.38 3.45 3.45
5.02 5.9 3.68 3.6 3.45 3.45
4.95 5. 02 3.9 3.55 3.45 3.45
47| 5i5] 4dv 3.55| 3.45 3.45
4.45 5. 55 4.1 3.5 3. 45 3.45
5.95 58 4.18 3.5 3.45 3.45
5.25 5.78 4.15 3.5 3.4 3.45
4.9 5.495 4.22 3.5 3.4 3.45
1.5 5.82 4.48 3.5 3.35 3.45
4. 55 5.7 4.5 3.5 3.35 3. 45
4.9 5. 45 4.4 3.5 3.3 3.45
4.8 585 4.38 3.5 3.3 3.45
5.12 XY 4.45 3.4 3.3 3.48
5.562 5.68 4.45 3.4 3.3 3.5
5.35 5.45 4.25 3.3 3.3 3.5
5. 65 5.05 3.85 3.3 3.3 3.5
5.35 5.0 3.5 3.32 3.3 3.5
9.7 5.1 3.5 3.3 3.3 3.4
5.95 5.0 3.48 3.25 3.3 3.5
5.7 4.95 3.48 3.25 3.3 3.5
5.7 4.85 3.48 3.2 3.3 3.5
5.6 4.45 3.5 3.2 3.3 3.45
5. 55 4-38 3.4 3.2 3.3 3.45
55 4.2 3.45 3.2 33 3.45
5.6 4.05 3.5 3.2 3.35 3.45
5.4 3.95 3.5 3.3 3.35 3.45
5. 55 3.9 3.5 3.5 3.35 3.48
5.5 |........ 3.5 2 I 3.48
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Station rating table for Grizzly Creek at Hebron, Colo., from April 17 to October 31, 1905.

h((}:ilg et> Discharge. h(e}ig et Discharge. h((fi; t::. Discharge. J hgiz%?;. Discharge.
Feet. Sec.-feet. L Feet. Sec.feet. Feet. Sec.feet. Feet. Sec.-feet.
3.20 1 4.00 35 4.80 131 5.60 281
3.30 2 4.10 43 4.90 147 5.70 303
3.40 4 4.20 52 5.00 164 5 80 325
3.50 7 4.30 62 5.10 182 5.90 347
3.60 11 4.40 74 5.20 200 6.00 370
3.70 16 4. 50 87 5.30 219
3.80 2 4. 60 101 5.40 239
3.90 28 4.70 116 5. 50 260

The above table is applicable only for open-channel conditions. It is based on 13 discharge measure-
ments made during 1904-5, and is well defined between gage heights 3.3 and 5.6 feet.

Estimated monthly discharge of Grizely Creek at Hebron, Colo., for 1905.

Month. Discharge in second-feet. Total in

Maximum.| Minimum.| Mean, | 2cre-feet.
April (14daYS) oo een i 270 52 104 2,885
NN 358 80 227 13,960
T - 358 28 226 13,450
87 4 34.0 2,001
. 11 1 5.1 314
September. ... .. iiiiiiiiiiaiaa 6 2 3.1 184
L6701 7eY 4= N 7 1 5.7 350
The period. ..o oo el 33,240

LITTLE GRIZZLY CREEK AT HEBRON, COLO.

Little Grizzly Creek rises on the eastern slope of the Park Range in North Park, Colorado,
flows eastward and unites with Grizzly Creek to form the North Platte.

The gaging station was established June 3, 1904. It is located at the wagon bridge on
James Hill’s ranch, one-half mile southwest of Hebron, Colo., and one-fourth mile west of
the road from Hebron to Spicer, in sec. 32, T.8 N, R. 80 W.

The channel is straight for 150 feet above and below the station. Both banks are low and
liable to overflow. The bed of the stream is composed of gravel and small cobblestones and
is firm. There is but one channel at all stages, broken by the middle pier of the bridge, and
the current has a medium and uniform velocity. Gage heights have a range of about 3 feet.
The creek is frozen over during the greater part of the winter.

High-water discharge measurements are made from the downstream side of the two-span
bndge to which the gage is attached. The initial point for soundings is on the east edge of
the pier at the left bank of the stream. Low-water measurements are made by wading 300
feet above the gage. -

The gage is read once each day by John Peterson, who lives one-half mile distant. It is a
staff nailed vertically to the northwest corner of the center pier of the bridge. The gage is
referred to bench marks as follows: (1) A nail driven into the north end of the second log of
the west abutment; elevation above the zero of the gage, 5.90 feet. (2) A nail driven into
the north end of a log in the right abutment; elevation above the zero of the gage, 6.37 feet.
(8) Top of regulation iron bench-mark post 80 feet east and 20 feet north of the gage; ele-
vation abnve the zero of the gage, 6.79 feet. The elevation is approximately 8,100 feet
above sea level.
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A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 55-57.

Discharge measurements of Little Grizzly Creek at Hebron, Colo., in 1905.

Date. Hydrographer. width. ﬁ;ﬁog vsllo?i?y. hg;%%. cl:]ng,lrsg—e.
Feet. 8q.yt. | Ft. per Feet. Secft.
sec.
May17. ....... W.A.Lamb. ... ... ... ......... 38 87 1.95 4.15 170
June17...._ .. |..... Lo o SN 44 142 3.00 5.45 426
June25.......|..... QO e 38 117 2.74 4.75 321
July 14 ... . |..... AO e 22 34 1.41 3.20 43
Aagust 9. ___..[|..... 15 s Y 28 14 1.14 2.83 16
August 24. ... 18 21 .33 2.68 6.9
September 26 .. 18 54 .87 2.68 4.7
Nore.—Measurements made at different sections.
Daily gage height, in feet, of Little Grizzly Creek at Hebron, Colo., for 1905.
Day. . Apr. | May. | June. | July. | Aug. | Sept. | Oct.
4.25 4.55 3.95 2.9 2.6 2.8
4.25 5.05 4.88 2.95 2.6 2.85
4.25 5.15 4.88 2.82 6 2.82
3.9 5.48 4.9 2.88 2.6 2.8
3.88 5.45 4.95 2.92 2.6 2.8
3.82 5.6 5.0 2.85 2.6 2.8
3.65 5. 45 4.88 2.85 2.6 2.8
4.05 5.45 4.85 2.85 2.6 2.8
3.4 5.55 4.82 2.85 2,6 2.8
41 5.55 4.78 2.85 2.62 2.8
3.5 5.92 4.78 2.85 2.65 2.8
3.75 5.65 4.1 2.85 2.65 2.8
3.6 5.45 3.3 2.85 2.65 2.8
3.65- 5.45! 345 2.75| 265] 2.8
3.65( 5.4 | 355 2.65| 2.65 2.82
3.7 5.5 3.45 2.62 2.65 2.85
4.15 5.6 3.2 2.5 2.65 2.9
4.05 5.4 3.32 2.55 2.65 2.9
3.9 5.42 3.15 2.6 2.65 2.9
. 4.0 5. 42 2.9 2.68 2.65 - 2.9
21... 3.52 4.0 5.35 3.1 2.65 2.65 2.9
2P 2.78 4.4 5.35 3.12 2.65 2.65 2.9
. 2 R 3.15 4.95 4.85 3.1 2.65 2.65 2.9
2 3.25 4.95 4.55 2.95 2.82 2.67 2.9
2 3.2 4.95 4.48 3.0 2.7 2.68 2.9
2 L il 3.2 4.95 4.5 2.9 2.7 2.75 2.9
4.7 4.6 2.9 2.8 2.75 2.9
4.7 | 465| 3.0 | 27 | 27| 29
4.55 4.55 3.0 2.6 2.78 2.9
4.35 4.52 3.1 2.6 2.82 3.0
4.8 |........ 3.0 2.6 |ooa..... 3.0
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Station rating table for Litile Grizely Creek at Hebron, Colo., from April 17 to October 31,
1905.

h(éiaé%l%c. Discharge. hg’iag%lef;. Discharge. hgiag%i. Discharge. hgiz%% Discharge.

Feet. Sec.-ft. Feet, Sec.fL. Feet. Sec-ft. Feet. Sec.-ft.
2.50 1 3.40 71 4.30 196 5.20 396
2.60 4 3.50 83 4.40 215 5.30 422
2.70 9 3.60 95 4.50 235 5.40 448
2.80 15 3.70 108 4.60 255 5.50 475
2.90 22 3.80 121 4.70 276 5.60 502
3.00 30 3.90 134 4.80 298 5.70 530
3.10 39 4.00 148 1 4.90 321 5.80 558
3.20 49 4.10 163 | 5.00 345 5.90 586
3-30 60 4.20 179 5.10 370 6.00 615

The above table is applicakle only for open-channel conditions. 1t is based on 13 discharge meas~
urements made during 1904-5 and is fairly weil defined between gage heights 2.7 feet and 5 feet.

Estimated monthly discharge of Little Grizely Creek at Hebron, Colo., for 1905.

Month. Dlscharge in second-feet. Total in
( Maximum.| Minimum. | Mean. acre-feet.
145 14 68.6 1,905
333 71 182 11, 190
592 231 401 23, 860
345 22 138 8,485
2 1 12.3 756
16 4 6.9 411
October. . ... il 30 15 19.2 1,181
The period. ... o e Jreeeeees 47,790

ROARING FORK OF NORTH PLATTE RIVER NEAR HEBRON, COLO.

Roaring Fork rises in the Park Range at the crest of the Continental Divide, flows east-
ward, and enters the North Platte about 3 miles below the junction of Grizzly and Little
Grizzly creeks. The basin is very rugged, a large portion extending above the timber
line and reaching an altitude of 13,000 fect above sea level. The headwaters consist of a
number of branches, occupying small valleys separated by high, precipitous hills, and
deriving their water supply from banks of perpetual snow and ice. The valley of the
main stream is narrow, varying in width from a few hundred feet to half a mile, with
bluffs on each side bounded by high, rolling mesa lands. The soil on the first bottom
consists of black sandy loam and is generally very fertile. That on the mesas is of gravel
and sandy loam. The forests about the headwaters comprise a heavy growth of white:
pine and spruce timber, with an abundance of underbrush and shrubbery. The bottom:
and first mesa land near the mouth are under cultivation, hay being practically the only
crop. .

The gaging station was established May 14, 1904. It is located at the highway bridge
about 2 miles above J. E. Mallan’s ranch house, 4 miles west of Hebron, Colo., and one-
half mile above the mouth of the fork, in sec. 11, T. 8 N., R. 81 W.

The channel is straight for about 100 feet above and 50 feet below the station. The banks,
which are about 5 feet high above and 3 feet high below the bridge, are lined with willows,
and are not liable to overflow except at extremely high stages. The bed of the stream
is composed of coarse gravel and cobblestones and is uniform and stable. There is but
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one channel at all stages and the current is uniform and moderately swift. During am
ordinary season gage heights have a range of about 3 feet. In the winter months the,
channel is obstructed by ice, and gage readings are unreliable.

Discharge measurements are made from the single-span bridge to which the gage is
attached. The initial point for soundings is the south face of the north abutment, and is,
marked by a spike driven in the bridge floor. Low-water measurements are made by:‘
wading near the gage.

The gage was read twice each day during 1905 by Mrs. Stella Bohn, who lives 200 Vards
west of the station. A standard chain gage was established June 14, 1904. It is located
on the east side of the bridge, 18 feet from the south face of the north abutment. The
length of the chain is 7.70 feet. The gage is referred to bench marks as follows: (1) The
top of a spike driven horizontally into the east end of the second timber from the top of
the north abutment; elevation above gage datum, 2.86 feet. The head of a nail driven
vertically into the north end of the gage rod is 2.55 feet above this bench mark. (2) Top
of cast-iron rod 16 inches long, 1 inch square at the lower end and tapering to a point at
the upper end, set on a bowlder sunk in the ground by the side of the lane fence, 50 feet
northeast of the north pier of the bridge; elevation above gage datum, 7.14 feet. The
elevation above sea level is approximately 8,100 feet.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 55-59.

Discharge measurements of Roaring Fork of North Platte River near Hebron, Colo., in 1905,

Date. Hydrographer. Width. ?ecr(:?ogf v :{loeg'gy' hgiag%et. ch]glrz o,

Ft. per '

Feet. | Sq.ft. sec. Feet. Secft.

May 18........ 2 22 1.77 1.63 39 .

June18....._.. 41 81 4.58 3.59 371 :

June24.. .. ... 41 75 1.44 3.30 333

July 15........ - 34 38 2.34 2.02 89
August 8...... 25 24 1.7 1.70 41
August 23...._. 20 17 1.29 1.48 22

September 25 .. 15 7.4 1.07 1.25 7.9

NoTE.—Measurements made at different sections.
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Daily gage height, in feet, of Roaring Fork of North Platte River near Hebron, Colo., for 1905.

Day. Apr. ‘I May. | June. | July. | Aug. | Sept. ; Oct.
A !
2.35| 2.55| 1.8 | 1.35 ! 1.28
2.65| 248! 185 1.3 ; 1.25
3.02| 2.4 .85 13 | 12
3.65| 225 178| 13 | 1.25
g.82] 20| 172 L3 ! L2
3.45) 1e8| 17 | 13 | 125
3.35| 202 172 1.3 | 125
3.7 2,08 L7 L3 L2
3.92| 208| L7 | L35 125
3.7 Les| 1.65| 1.25 i 12
3.58| Lo Les| 125 12
3.28| 1.92] L65| 1925] 12
3.38| 215 Lé2| 125 1.25
3.42] 20 1.58 | 1.2 .25
3.52| 2008 1L52| L2 1.3
3.65| 215 15 1.2 1.28
3.52| 2 L5 1.2 1.2
3.451 1.98| 15 1.25 1.25
3.3 198 1.45| 1.25 1.25
3.22| 1e2| 145] 1.25 1.32
3.3 198 | 1.45] 1.25 1.35
3.3 1. 1.45 1.25 1.4
3.55 | 1.S8| 1.48| 1.25 1.48
3.8 1. 1.4 1.25 1.48
3.95( 1. 1.4 1.25 1.45
3.25| 1L 1.35] 1.9 1.45
312 1. 135 1.2 1.48
2,08 1.8 135| 1.2 1.45
2.8 1.95| 1.35] 1.2 1,48
2.65] 192| 1.35| 125 1.48
........ Lo2| 135|.......| 145

Station rating table for Roaring Fork of North Platte River near Hebron, Colo., from April

17to October 31, 1905.

hg'].aéig]i. Discharge. hgiaé < | Discharge. hgiz et. Discharge. }glilg et. i Discharge.

Feet. | Sect. Feet. Sec.ft. Feet. | SecHt. Feet. | SecHt.
1.10 4 1.90 71 2.70 205 3.40 342
1.20 7 2.00 85 2.80 224 3.50 362
1.30 11 - 2.10 100 2.90 243 3.60 383
1.40 17 2.20 116 3.00 262 3.70 404
1.50 24 2.30 133 3.10 282 3.80 425
1.60 33 2.40 150 3.20 302 3.90 446
1.70 44 2.50 168 3.30 322 4.00 467
1.80 57 2.60 186 :

The above tableis applicable only for open-channel

urements made during 1905, and is not well defined.

conditions. It isbased on eight discharge meas-
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Estimated monthly discharge of Roaring Fork ? North Plutte River near Hebron, Colo., for
1905.

Month. Discharge in second-feet. Total in

Maximum.| Minimum. | Mean. | 2ere-feet.
P8 ] o LI 1 N 33 7 17.6 489
). £ 2 103 4 43.6 2,681
5 T 450 142 327 19,460
JOly oo T 17 57 80.5 5,503
AUZUSE . Lo i 68 14 31.5 1,937
September. ... . 14 7 9.2 547
October.................. s Co3 7 13.0 799
The period. . ..o ciiaieeceecaeeeeeaceeeee e e 31,420

e Missing gage heights interpolated.
NORTH FORK OF NORTH PLATTE RIVER AT HIGHO, COLO.

North Fork of North Platte River rises in the Park Range near the Colorado-Wyoming
line, flows southeastward to a point about 2 miles west of Higho, Colo., and thence east-
ward into the North Platte at a point about 4 miles below the mouth of Roaring Fork.
The stream flows through a narrow valley separated from the open prairie land of North
Park by a high bluff, which slopes up gradually from the ea$t side and then descends rather
abruptly on the west to the river bottoms. The basin is mountainous in character, and
much of it is covered with a heavy forest, consisting of several varieties of white pine and
spruce and much quaking aspen and underbrush. The tributaries head among the snow
banks in the highest portions of the Park Range, and after descending through narrow,
precipitous canyons, enter the more or less rolling country at the foot of the range. The
soil along the river bottoms consists of a black sandy loam and is well adapted to the rais-
ing of hay. '

The gaging station was established May 14, 1904. It is located at the footbridge at
Higho post-office, 7 miles northwest of Hebron and 12 miles west of Walden, Colo., in
T.9N, R.81 W.

The channel is straight for about 150 feet above and 50 feet helow the station, and the
current is medium. The right bank is about 3 feet high above and for a short distance
below the gage, beyond which point it rises to a height of about 10 feet; the left bank is
lower than the right and consists of a low bar, covered with willows and sloping gradually
out from the stream. There is but one channel at low-water stages, but at high stages a
second channel begins about 100 yards above the bridge, flows through the low sand bar
at a distance of 50 yards from the left end of the bridge, and enters the main stream 150
yards below. The stream does not overflow the banks of either channel, except at very
high stages, when the low land between the two channels may be submerged. The bed
of the stream is composed of gravel and small cobblestones, and is free from vegetation
and permanent. The current is swift at high stages and medium during ordinary stages.
High-water measurements are somewhat affected by eddying currents and backwater
caused by the pier at the left end of the bridge. Gage heights have a range of 1.5 feet.
Readings are discontinued during the winter months on account of ice forming around the
gage rod. ;

Discharge measurements are made at high water from the single-span footbridge to which
the gage is attached. The initial point for soundings is a nail driven into the walk-log at
the left end of the bridge. Low-water measurements are made by wading near the bridge. .

The gage was read twice each day during 1905 by Mrs. Esther Bergquist, who lives near
the station. It consists of a vertical staff spiked to the southwest face of the left abut-
ment on the downstream side. The gage is referred to bench marks as follows: (1) A nail
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driven into the top of the east end of the bottom log of the north abutment; elevation
above the zero of the gage, 1.76 feet. (2) A point on the foundation stone under the north-
east corner of the house of Charles Bergquist, marked ‘“B.M.U.S.G.S.”; elevation above
the zero of the gage, 12.42 feet. The elevation above sea level is approximately 8,025 feet.

A description of this station, with gage height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 23-25.

Discharge measurements of North Fork of North Platte River at Higho, Colo., in 1905.

Date. Hydrographer. widwn. | Areaof | Mean g e Die
Ft. per !

Feet. Sq. ft. sec. J Feet. Sec.-ft.
May 18......... W.A.Lamb....... S, 28 38 1.45 1.50 55
June18........[..... Ao 29 57 3.26 J 2.05 186
June24........|..... Aol 29 59 3.19 ! 2.05 188
July 15.. . ... j..... do. .. 34 56 2.12 1.85 119
August8......|..._. A0 34 4 157] L7 6
August23. ... |..... L [ 30 35 1.37 1.50 48
September 25. . 26 20 .65 1.09 13

NoTE.—Measurements made at different sections.

Daily gage height, in feet, of North Fork of North Platte River at Higho, Colo., for 1905.
L]

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct.
42| 195 L7 .95 L8 1.45 1.15
48| 1.95| 175 195| 1.8 1.45 1.15
451 1.8 1.8 1.9 175 1.4 1.2
38| 155| 2.01| 18 1.7 1.4 L2
32| 62| 205 L75| 174 L4 1.2
381 165 91| 172| L71| 1.48 1.2
.6 62| 1.92| 1.78| 17 1.5 1.25
7 .62 2.3 2.0 1.68| 1.42 1.3
82| 1.7 2,18 192] 1.68| L4 1.3
78 1s2] 2215 175! 172 1.4 1.28
65| 1.32| 205 L7 1.7 1.4 1.25
520 125 20 | 178 1L78| 1.4 1.25
.6 L22| 198, L7 L7, 14 1.3
65| 12 | 202{ 175| 16 1.32 1.3
65| L22| 202] L78| 16 1.28 1.3
.6. L2| 2.1 172, 162 1.2 1.35
.6 1.3 ) 205 172 16 118 13
65| L5 2.25| 1.7 155 11 1.3
78| 1.52| 2.25| 1.64, L5 1.1 1.22
0 L8| LS| 175 15 1.1 1.2
52| 152 192| 20 .48 L1 1.25

1.65| 1.6 1.95| 2.0 147 1.1 1.22
175 165] 205| 1.8 | L147| 1.38 1.2
.7 1.72| 205 t85| 147 138 1.2
162 1.65| 202| 18| 1.5 11 1.15
1.68| 1.67| 202| 1.8 147 L1 1.18
.95 1.68| 198| 1.88] 1.47| 11 12
.0 1.58 | 1.95| 1.8 145 11 1.25
1.9 152 195 18 L45] L1 1.3
1.9 .52 192| 1.8 | 1.45]| 12 1.3
........ 162 {........] 18 145 |.......] 122
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Station rating table for North Fork of North Platte River at Higho, Colo., from April 1 to

October 31, 1905.
] ‘ T ‘ b
Gage N Gage N Gage . i Gage N
height. | Pischarge. || p e'ig%t. Discharge. | h eig%t. Discharge. | height, | Discharge.
|
Feet. Sec.feet. Feet. | Sec.feet. ‘ Feet. | Sec-feet. Feet. Sec.-feet.
1.10 15l 150 50 ‘ 1.80 100 2.10 195
1.20 22 1.60 64 1.90 t 126 2.20 235 |
1.30 30 1.70 80 2.00 158 2.30 280
1.40 39

The abpve table is applicable only for open-channel conditions. It is based on 15 discharge meas-
urements made during 1904-5, and is well defined between gage heights 1.4 feet and 2.2 feet.

Estimated monthly discharge of North Fork of North Platte River at Higho, Colo., for 1905.

’

n : i
Month ) Discharge in second-feet. ’ Total in

Maximum. | Minimum. | Mean, | 8cre-feet.

158 32 76.3 4,540

142 22 61.9 3,806

280 20 162 9,640

158 70 107 6,579

100 44 65.8 4,046

50 15 20.6 1,761

34 18 25.3 1,556

The Period. - -« - eeneeeeneieeeeeeneen . I S R o

NORTH PLATTE RIVER NEAR HEBRON, COLO.

This station was established May 13, 1904. It is located at a highway bridge below the
junction’of Grizzly and Little Grizzly creeks, about 4 miles northwest of Hebron, Colo., in
T.9N, R. 80 W. .

The bridge lies in a curve of about 150 feet radius. The banks are about 5 feet high,
lined with willows, and not liable to overflow. The bed of the stream is composed of
gravel, sand, and small cobblestones, and is uniform, permanent, and.free from vegetation.
There is but one channel at all stages. The current is very sluggish at low water, but
medium at high stages. Gage heights have a range of about 4 feet. Discharge measure-
ments are affected by dead water, by backwater caused by the wooden piers of the bridge,
and by driftwood which collects at the upper side of the bridge. Gage readings are imprac-
ticable during the winter months on account of the formation of ice around the gage rod.

Discharge measurements are made from the downstream side of the three-span bridge
to which the gage is attached. The initial point for soundings is the inner face of the left
abutment, marked zero.

The gage is read each day by J. E. Mallon, who lives one-half mile distant. It consists of
a vertical staff fastened to the northeast corner of the first pier from the left bank. The
gage is referred to bench marks as follows: (1) A nail driven flush with the top of the cap
timber on the west side of the crib pier to which the gage is fastened, just across the pier
from the gage; elevation, 9.44 feet above the zero of the gage. (2) A cross cut on a ledge
of rock in the cliff on the left bank of the river about 50 feet north of the west end of the
bridge, marked “B.M.;” elevation, 17.80 feet above the zero of the gage. The elevation
above sea level is about 8,025 feet. )

A description of this station with gage height and discharge data is containgd in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 20-23.
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Discharge measurements of North Platte River near Hebron, Colo., in 1905. '

pute. | Hyarograpte. wiaw.| Aot | Mewn | Gage | Dl
Ft. per
Feet. Sq. ft. sec. Feet. Secft.
May18........ 83 284 1.38 5.30 392
June 17_....... 84 390 2.53 6.60 986
June25........ 88 365 1.94 5.95 708
July 14. ... 66 68 2.29 4.45 156
August 8...... 58 32 1.91 3.90 61
August 24. .. ... L s 32 27 .89 3.50 24
September 25...1.__..do.. ... ... ool 28 21 1.05 3.31 22
NOTE. —~Measu1'ements made at different sections.
Daily gage height, in feet, of North Platte River near Hebron, Colo., for 1905.
|
Day. | Apr. | May. | June. | July. | Aug. | Sept. Oct.
I | .
5.7 l 5.0 ! 5.25 4.3 3.45 3.35
5.8 6.4 3.25 4.2 3.45 3.35
55| 66 | 515| 4.2 3.45| 3.35
52 7.0 4.9 4.15 3.45 3.4
5.0 7.45 4.75 4.1 3.4 3.4
5.0 7.15 4.65 4.05 3.45 3.4
4.9 6.8 4.6 4.0 3.45 3.4
5.0 6.9 4.65 3.9 3.5 3.4
5.2 7.4 .5 3.9 3.35 3.4
5.4 7.55 4.4 3.9 3.35 3.4
5.1 7.0 4.4 3.9 3.35 3.4
4.95 6.9 4.35 3.9 3.35 3.45
4.9 6.7 4.55 3.9 3.3 3.45
4.9 6.8 4.4 3.85 3.3 3.45
4.85 ; 6.8 4.45 3.8 3.3 3.45
50 68 { 45| 37 | 33 5.45
52 | 67 4.4 3.7 3.3 3.45
53 | 6.6 1.35 3.6 3.3 3.45
5.0 6.4 4.3 3.6 3.35 3.45
3 5.7 6.2 4.35 3.6 3.35 3.5
21 4.55 5.75 6.1 4.45 3.6 3.35 3.5
22 4.55 6.0 6.0 4.25 3.55 3.35 3.55
23 4.65 6.1 6.1 4.15 3.55 3.35 3.6
24 4.9 6.3 6.2 415 3.5 3.35 3.6
25 4.5 6.55 6.0 4.15 3.45 3.35 3.65
20 e 4.75 6.05 5.9 4.15 3.45 3.35 3.7
2T i 5.1 5.95 5.75 4.15 3.45 3.35 3.7
28 L el 5.0 5.7 5.6 4.3 3.45 3.35 - 3.7
2 5.6 5.45 L2 3.45 3.35 3.7
5.6 5.3 4.2 3.45 3.35 3.7
5.8 |........ 4.3 3.45 ... ... 3.7




PLATTE RIVER DRAINAGE BASIN. 185

Station rating table for North Platte River near Hebron, Colo., from April 9 to October 31,
1905.

h%iag et. Discharge. lg?élft’ Discharge. 1(3; ?ggﬁt. Discharge. hgiz%et. Discharge.
Feet. Sec. ft. Feet. Sec. ft. Feet. Sec. ft. Feet. Sec. ft.
3.30 15 4.20 110 5.10 315 6.00 705
3.40 20 4.30 125 5.20 355 I 6.20 | - 800
3.50 25 - 4.40 140 5.30 395 6. 40 900
3.60 35 4. 50 160 5.40 435 6. 60 1,000
3.70 45 4. 60 180 5.50 480 6,80 1,100
3.80 55 4.70 200 5.60 525, 7.00 1,200
3.90 65 4.80 R 225 5.70 570 7.20 1,310
4.00 80 4.90 250 5.80 615 7.40 1,420
4.10 ' 95 5.00 280 5.90 660 - 7.60 1,530

The above table is applicable only for open-channel conditions. It is based on seven discharge meas-
urements made during 1905, and is well de ined between gage heights 3.3 feet and 6.5 feet.

Estimated monthly discharge of North Platte River near Hebron, Colo., for 1905.

Month. - Discharge in second-feet. To tafl i.%

Maximum. Minimum.{ Mean, | acre-ieet.
435 160 215 9,382
975 238 479 29, 450
1,502 395 950 56,530
375 102 164 10,080
125 22| ‘543 3,339
September 25 15 18.5 | ° 1,101
OCLODET - - o oo oo 45 18 ! 27.4 1,685
The Period. . ..ot et Leeeeees } .......... © 111,600

|

NORTH PLATTE RIVER NEAR COWDREY, COLO.

This station was established May 10, 1904. Tt is located at the wagon bridge about 2
miles northwest of Cowdrey, Colo., in T. 10 N., R. 80 W.

The channel is straight for 600 feet above and 900 feet below the station. Both banks
are high and clean and are not subject to overflow. The bed of the stream is composed of
coarse gravel and small cobblestones and is stable and uniform. There is but one channel
at either high or low water. The current has a medium velocity at high and ordinary
stages, but is sluggish at low stages. At the station the fall of the river is 4.2 feet per mile.
During the winter months ice forms at the gage rod and gage readings are impracticable.

Discharge measurements are made by means of a car, cable, and tagged wire, one-fourth
mile below the highway bridge. Soundings are marked on the tagged wire at 5-foot inter-
vals, the initial point being the zero of the tagged wire near the left bank. At extreme low
stages measurements are made by wading at convenient points near the bridge.

The gage, which was read twice each day during 1905 by C. M. Hendrickson, consists of
a vertical staff spiked to the northeast corner of the first crib pier from the west end of the
highway bridge above the cable. The foot marks are numbered from 2 to 12 feet, the 2-foot
mark resting on the bed of the stream. The gage is referred to bench marks as follows: (1)
The top of a 30-penny nail driven flush with the top of the cap timber on the north end of
the right abutment of the bridge; elevation, 13.22 feet above gage datum. (2) An iron
wagon skein set in the right bank 10 feet north of the bridge, the top of the hub being 2
inches above the surface of the ground, the base resting on a stone 1 foot below the surface;
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a witness stake is beside the bench-mark post; elevation of bench mark, 10.89 feet above
gage datum. The elevation above sea level is about 7,860 feet.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 25-28.

Discharge measurements of North Platte River near Cowdrey, Colo., in 1905.

Date. Hydrographer. Width. ;{erc?:?o(r)f vgoecai?y. hg’iz%let. clg.ig-e.
Ft. per

Feet. Sgq. ft. sec. Feet. Sec.t.
May19........ W.A. Lamb.._.........ooi... 110 202 1.80 8.17 523
May23........0..... Ao 110 327 2.34 8.44 766
June19........|..... O i 109 385 2.87 8.91 1,106
June?23...... ... 5 s TS 109 383 2.77 8.80 1,064
July 17..... . f..... [ o 103 226 1.26 7.84 285
Auvugust 7. .....|..... [ 2 95 176 .84 7.59 148
Augus t22e .| ... doo el 56 49 1.57 7.40 77
September22a _|..__. L L T 26 29 .76 7.15 22

a Made at different section.
Daily gage height, in feet, of North Platte River near Coudrey, Colo., for 1905.

Day. Apr. ‘ May. | June. | July. Aug. | Sept.| Oect.
Y 8.6 8.1 8.4 8.42 7.75 7.45|. 7.35
2 e 8.65 8.2 8.7 8.25 7.75 7.42 7.35
S e 8.6 8.15| 8.85| 8.2 7.7 7.4 7.35
B 8.6 | 7.95| 9.05| 818 7.72| 7.45| 7.3
2 8.5 7.8 9.3 8.12 7.72 7.5 7.35
L 7.85 7.7 9.5 7.98 7.72 7.75 7.38
T i e 7.8 1 7.7 9.25 7.88 7.7 7.82 7.‘45
2 7.8 7.7 9.0 7.82 7.7 7.75 7.45
N 7.95 7.8 9.6 7.75 7.72 7.65 7.45

10 i 8.05 7.95 9.6 7.82 7.7 7.65 7.45
Tl e e 7.65 8.05 9.45 7.75 7.7 7.5 7.42
Y 7.6 7.95 9.2 7.75 7.7 7.45 7.38
N 7.65 7.85 9.05 7.75 7.65 7.45 7.32
R 7.55 7.85 9.1 7.75 7.6 7.05 7.3
A 7.75 7.85 9.05 7.78 7.6 7.08 7.3
10 o it 7.6 7.85 9.05 7.75 7.6 7.12 7.3
17 il e meeeeeeeaaas 7.7 7.95 9.15 8.02 7.55 7.2 7.3
O 7.6 8.1 8.85 7.8 7.55 7.2 7.3
10 i 7.7 8.15 8.9 7.8 7.55 7.2 7.3
N 7.7 8.2 8.75 7.8 7.5 7.2 7.3
2 7.6 8.3 8.65 7.85 7.52 7.2 7.3
2 7.55 8.35 8.7 7.9 7.48 7.18 7.3
2 P 7.65 8.45 8.7 7.92 7.45 7.15 7.3
. S S 7.7 8.55 8.7 7.75 7.45 7.15 7.3
25T 7.6 8.65 8.7 7.7 7.55 7.15 7.3
7 7.7 8.55 8.7 7.7 7.5 7.18 7.3
1 7.8 8.55 8.65 7.75 7.5 7.2 7.3
2 2 7.95 8.45 8.68 7.72 7.5 7.22 7.3
2 8.0 8.45 8.52 7.72 7.48 7.35 7.3
B0 i 8.05 8.5 8.52 7.72 7.4 7.35 7.35
2 R 83 |oeeen... 7.72 7.4 |....... 7.35
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Station rating table for North Platte River near Cowdrey, Colo., from April 1 to October 31, 1905.

hgiz%ﬁ:, Discharge. hg{:g % | Discharge. h(gizr%?:. 1 Discharge. h%z S | Discharge.
T

Feet. Secft. Feet. Sec.-ft. Feet. See.-ft. I«ieet. Sec.ft.
7.10 12 7.80 270 8.50 793 9 20 1,523
7.20 27 7.90 334 8.60 880 9.30 1,650
7.30 47 8.00 398 8.70 974 D.40 1,781
7.40 75 8.10 466 8.80 1,070 D.50 - 1,916
7.50 108 8.20 540 8.90 1,172 D.60 2,056
7.60 154 8.30 622 9.00 1,282
7.70 208 8.40 707 9.10 1,400

The above table is applicable only for open-channel conditions. It is based on nineteen dischargs
measurements made during 1904-5 and is well defined between gage heights 7.5 feet and 9 feet. It has
been extended beyond these limits, being based on one measurement at 7.2 feet. - Above 7.5 feet the table
is the same as for 1904.

Estimated monthly discharge of North Platte River near Cowdrey, Colo., for 1905.

Month Discharge in second-feet. Total in

’ Maximum. Minimum. | Mean. acre-feet.
7 ¢ 926 139 345 20,530
May................... e e 926 208 505 31,050
JUNC - ool 2,056 707 | 1,246 74,150
July.eoeeo . 724 208 316. 19,420
August 238 75 156 9,592
September cen 283 3 76.7 4,564
October. ... i 91 47 58.3- 3,585
The Period . ... e o 162,900

CANADIAN RIVER AT COWDREY, COLO.

Canadian River rises in North Park, Colorado, among the highest peaks of the Medicine
Bow Range, flows northwestward, and enters the North Platte about 1 mile below the mouth
of Michigan Creek. The upper part of the drainage basin is exceedingly mountainous and
the small tributaries find their way through canyons to the valley below. In its lower
course the stream traverses a narrow valley which it has worn in the lake beds of the park
and which extends some distance into the foothill region. This valley differs from the other
river valleys of the park in the more uniform slope and regular shape of its sides, in the char-
_ acter of the mesa lands on the right, and in the sandy nature of its soil. The mesa on the
right contains numerous sand dunes and in some places near the foothills extensive deposits
of sand and coarse, disintegrated granite. The soil of the river bottom is principally a
sandy loam. Hay is the only crop raised. The storage or diversion of the water of this
stream is impracticable.

The gaging station was established May 10, 1904. It is located at the highway bridge
one-half mile east of Cowdrey, Colo., in sec. 7, T. 10N, R. 79 W. ' )

The channel is straight for 150 feet above and 40 feet below the station. Each bank is
about 2 feet high and is clean and well sodded; the left overflows during extreme high water.
The bed of the stream is composed of sand and silt, with a few stones from the riprap at the
west end of the bridge,and is shifting. As thechangesoccur at irreguldr intervals it is a diffi-
cult matter to obtain a good rating curve. There is but one channel at all stages, broken
by four pile bents of the bridge, and the current has a medium velocity. The ordinary
range of gage heights is about 1.6 feet. Gage readings are impracticable during the winter
meonths on account of the formation of ice around the gage rod. ;

IRR 172—06——13
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At all normal stages discharge measurements are made by wading a short distance above
the pile bridge to which the gage is attached. At exceedingly high stages measurements are
made from the bridge, the downstream guard rail of which is marked at 2-foot intervals.
The initial point for soundings is a 20-penny nail driven into the floor of the bridge over the
face of the left abutment on the downstream side.

The gage, which was read twice each day during 1905 by C. M. Hendrickson, consists of a
vertical staff graduated from 2 to 8 feet, attached to the west face of the first pile from the
left bank on the downstream side of the bridge. The 2-foot mark rests on the bed of the
stream. The gage is referred to bench marks as follows: (1) A 30-penny nail driven flush
with the top of the cap timber above the gage rod; elevation, 9.80 feet. (2) A 30-penny nail
driven horizontally into the north face of a telephone pole 60 feet south of the left end of the
bridge, 3 feet above the ground; elevation, 9.80 feet. (3) A regulation iron bench-mark post
3 feet south of the fence on the north side of the road, 40 feet west of the gage rod; elevation,

" 8.02 feet. Elevations of bench marks are above the datum of the gage. The elevation
above sea level is about 7,860 feet.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 64-66.

Discharge measurements of Canadian River at Cowdrey, Colo., in 1905.

Date. Hydrographer. Width. ;}acrz?o;f. vé]ﬁ)ﬁltly, h(e}i?; ‘%' chI;}sg-e.
Ft. per

Feet. | 8q.ft. sec. Feet. Sec.ft.
May20........ W.A.Lamb. . ....o..oocoiiiiian 34 56 1.4 4.85 79
June20.......|..... 6 ¥ TN 35 6 2.23 5.10 125
June23........|..... Q0 et 53 65 1.95 5.05 127
July 17 . ..o feaes L Lo T 28 26 1.58 4.47 41
Auvgust7......|..... [ Y 3t 25 1.36 4.43 34
August 22.....|..... [+ 1o J I 15 13 1.23 4.10 16
September 22..|..... [ T P, 14 9 1.11 4.05 10

NotE.—Measurements made at different sections.
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Daily gage height, in feet, of Canadian River at Cowdrey, Cola., for 1905.

Day. Apr. | May. | June. | July. | Aug. ||8ept. | Oct. | Nov.

3 5.5 4.8 4.9 4.68 | 4.55| 4.05| 4.2 4.35
e e 5.6 4.9 5.05| 4.65| 445 4.05| 42 | ...
T 5.6 4.8 5.25| 5.35| 4.45| 4.05[ 4.2 {..._.._. -
B L5750 4.7 5.6 5.154 4.45| 4.02| 4.2 |........
L S 5.9 4.6 5.85| 4.85| 4.45| 4.0 42 |
[T 5.8 4.5 5.9 4.7 4.45| 4.1 4.2 [........
AU et 5.8 4.5 5.75| 4.55| 4.35| 4.25| 4.25|........
- SN 5.75 | 4.4 5.8 4.4 4.3 418 | 4925 .......
L T 5.9 4.5 585, 4.45| 4.3 4.15| 425 ....._..
11 5.9 4.55| 6.15| 4.48| 4.3 4.15] 4.25)........
1 SO 6.0 4.6 5.95| 4.45| 4.35| 4.15] 4.25|........
1200ciannn.. e aans 5.7 4.6 5.6 4.45| 4.4 4.15| 425 |........
& T 5.5 4.5 5.55| 4.45| 4.4 4121 428 |........
| S 5.25| 4.4 5.65| 4.5 4.4 1.1 4.35 |oeun...
150 iceiieannn eemee it eeeanans 5.35| 4.4 5.6 4.5 435 4.1 435 ...
16,0 cieenannn. et eaaas 5.05 | 4.4 5.6 4.5 4.35| 4.1 4.35 ........
17 e 4.9 4.4 5.6 4.48| 425 4.1 4.35 [.......
SN 4.65 | 4.7 5.3 4.48| 4.1 4.1 4.32 ...,
19 e 4.8 4.8 5.25| 4.48| 4.1 4.1 4.3 |.......
| 4.7 4.9 5.1 4.45| 4.1 4.05| 4.3 |........
3 DU 4.7 4.9 4.95| 442 415| 4.05] 43 |._......
- 2 475 4.9 4.95| 4.42| 4.1 4.08| 4.3

- S 5.65 | 4.9 4.95| 4.4 4.08| 4.1 4.3
Qe 4.65| 49 | 498 425| 402| 41 | 43 |........
25, s 1.4 5.0 5.0 415 | 3.95| 4.1 4.3 |
26, e 4.6 5.0 4.92| 4.2 3.85| 4.05| 43 [........
S 4.7 4.95| 4.88| 4.25| 3.8| 405 43 [........
B8 e, 4.9 4.9 485| 4.25| 3.95| 4.05| 43 |........
20 e, 4.85| 505 4.8 4.25| 3.98| 4.22| 435(........
30 e 475| 5.1 4.7 4.4 4.05| 4.22| 435(........
) DU ISR 4.95 ... 4.42 | 4.02(........ 4.35 ...

Station rating table for Canadian River at Cowdrey, Colo., from April 1 to October 31, 1905.

h‘g’f’é%% Discharge. hg{’é P%. Discharge. h‘g’{’éft_ Discharge. hg}iz % Discharge.

Feet. Sec.ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
3.80 - 1 4.50 40 5.10 130 5.70 350
3.90 3 4.60 50 5.20 155 5.80 400
4,00 6 4.70 60 5.30 185 5.90 450
4.10 10 4.80 75 5. 40 220 6.00 510
4.20 15 4,90 90 5.50 260 6. 10 * 570
4.30 . 22 5.00 110 5.60 300 6.20 630
4.40 30

The above table is applicable only for opén—ehannel conditions. It is based on 15 discharge meas-
urements made during 1904-5, and is well defined between gage heights 4 feet and 5.5 feet. It has been
extended beyond these limits, being only approximate above 5.5 feet.

4
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Estimated monthly discharge of Canadian River af C'ouxirey, Colo., for 1905.

Discharge in second-feet. .

Totalin

Month. acre-feet.

Maximum. | Minimum. | Mean. o .
April o ... et 510 30 218 12,970
. 130 30 69.4 4,267
TUDe . oo 600 60 235 13,980
JULY oo 202 12 44.4 2,730
AUgGUSE ... 45 2 19.3 1,187
September ... ... ... - 18 6 10.3 613
OCtobeT . i 26 15 20.8 1,279
The Period . < cooumoe it eee e eeeeaeeee|eeeecemeaafeecmee e 37,030

MICHIGAN CREEK NEAR WALDEN, COLO.

Michigan Creek, the largest tributary of the North Platte in North Park from the east
side, rises in the Rabbit Ears and Medicine Bow ranges, flows northwestward, and enters
the main stream at a point 3 miles northwest of Cowdrey, Colo. The basin is rugged and
mountainous, comprising the highest portion of the Medicine Bow Range in Colorado.
The small tributaries of the creek extend far back into the range and interlace with tribu-
taries of Grand and Cache la Poudre rivers. These small streams unite and emerge from
the high mountainous areas into the more or less broken and rolling slopes and foothills
which border the level prairie land of the park itself. The lower portion of the stream
flows through a narrow valley, varying in width from one-fourth mile to 1 mile, bordered
on either side by long bench-like ridges and rolling prairie land. The soil along the stream
bottom is a black sandy loam and is very fertile, but on account of the great altitude prac-
tically the only crop grown is hay. The headwaters of the stream are well protected by
heavy forests of white pine and spruce timber and a dense growth of quaking aspen and
underbrush.

Illinois Creek, which joins Michigan Creek 2 miles below Walden, is the principal tribu-
tary stream. Its headwaters drain a low portion of the Rabbit Ears Range and its flow
during the early part of the summer is large.

Water is being diverted from the headwaters of Michigan Creek to the Cache la Poudre
on the eastern slope of the Rocky Mountains at a point known as Cameron Pass.

Two gaging stations were maintained on Michigan Creek during 1905, the first near
Walden, the second at Cowdrey.

The Walden station was established May 9, 1904. It is located at the highway bridge
1% miles north of Walden, Colo., in sec. 21, T. 9 N., R. 79 W., and is about 1 mile above
the mouth of Illinois Creek. .

The channel is straight for about 75 feet above and 50 feet below the station. The
banks are about 3 feet high, are bordered with flat meadow lands, and do not overflow at
this point. The bed of the stream is composed of sand and gravel and is free from vegeta-
tion and fairly permanent. There is but one channel at all stages, broken by the middle
pier of the bridge. The current is swift at high stages and medium at low stages. High-
water measurements are affected by backwater and eddies caused by the abutments and
center pier of the bridge. Gage heights have a range of about 2 feet during an ordinary -
season. Gage readings in winter are impracticable owing to ice conditions.

High-water measurements are made from the downstream side of the two-span bridge to
which the gage is attached. The initial point for soundings is a 30-penny nail driven into
the floor at the west end of the bridge. At ordinary stages discharge measurements are
made by wading a short distance above the bridge.

The gage, which was read twice each day during 1905 by H. E. Holdredge, consists of a
staff graduated from 4 to 10 feet, fastened to the southwest corner of the center pier of the
bridge, the 4-foot mark resting on the bed of the stream. The gage is referred to bench
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-arks as follows: (1) The top of a nail driven into the left abutment of the bridge on the

downstream side; elevation, 7.91 feet above gage datum.

(2) The top of a 20-penny nail

driven into the top of a sandstone bowlder under the cliff on the north side of the river,
about 275 feet northeast of the north end of the bridge, marked “B. M. U. 8. G. S.;” ele-

vation above gage datum, 15.34 feet.

This station was discontinued October 31, 1905.
A description of this station, with gage height and discharge data, is contained in Water-
Supply Paper No. 131, of the United States Geological Survey, pages 59-61.

Discharge measurements of Michigan Creek near Walden, Colo., in 1905.

Elevation above sea level is about 7,975 feet.

Date, Hydrographer. Widen.| Area of ivgggy, poge | D
Ft. per
“Feet. Sq. fi. sec. Feet. Sec.-ft.
May19 ......_. W.A. Lamb....._.................. 48 42 2.95 4.95 124
June19.... .. ..l..._. dOn e 48 113 3.47 5.65 392
June24..... . |..... e o 49 106 2.97 5.50 315
July 16 ........ ... 5 L 40 36 2.69 4.91 97
August 8 ......|. ... A0 e 36 21 2.05 4.56 43
August 22 _.._.|..... Ao 24 15 1.47 4.40 22
September 23 e [ 1o 16 14 7 4.32 10
NoTe.—Measurements made at different sections.
Daily gage height, in feet, of Michigan Creek near Walden, Colo., for 1905.
Day. May.| June.| July. | Aug. | Sept.| Oct. Day. May. | June.| July.| Aug. |Sept.| Oct.
S DOUURUTUN IO 5.22 1 5.25| 4.7 | 4.254.82 | 17...._....|..... 5.72 | 4.8 | 4.52 ) 4.25 | 4.35
R PR 5.32 | 5.35 | 4.7 |43 1432 | 18. ... ifa.o.. 5.68 | 4.78 | 4.48 | 4.25 | 4.35
F S, P 5.42|5.28 |4.68|4.22 432[ 19.......... 4.98 | 5.6 | £78 | 4.48 | 4.25| 4.32
L R PR 5.48 | 5.25 | 4.62 | 4.22 | 4.3 20, 5.05 | 5.45 | 4.75 | 4.42 | 4.22 | 4.32
. T P 5.7 |5.12 ] 4.62 | 4.28 | 4.3 27 I, 5.06| 5.4 | 4.72] 4.4 | 4.22| 4.35
[N R 59 | 5.0 |4.58]432 432 22.......... 5.1 | 5,42 |47 |44 |42 4.38
(R R 58 | 4.92| 458 4.4 |4.32|23....... L..15.1815.38 ] 4.68 | 4.38 | 4.2 4.38
. SRR R 5.8214.9 (4.48|4.38 | 4.32 | 24._._...... 5.2 (5.5 |47 43242 4.4
L R P 5.92 | 4.88 | 4.5 | 4.38 | 432 (| 25.......... 5.15 ) 5.48 | 4.7 | 4.32 | 4.28 | 4.4
100 6.05 | 4.88 | 4.58 | 4.32 | 4.32 || 26-......... 5.08 | 5.42 | 4.68 | 4.35 | 4.28 | 4.4
B S PR, 6.08)4.85|4.6 |43 432 27......._.. 5.12 | 5.45 | 4.68 | 4.3 | 4.28 | 4.42
120 e 58|48 | 4.65|4.25|4.32 || 28.......... 5.02| 5.4 | 4.7 |43 | 4.28| 4.42
) & S 5.8 | 4.824.684.25(4.32(29._..._._._ 5.12 1 5.38 | 4.7 | 4.28 | 4.28 | 4.42
4. et 5.95| 4.85 1 4.58 | 4.22 | 4.32 || 30.......... 5.1 | 5.3 | 4.7 | 4.28| 4.3 4.42
b 1 TN D 5.88 | 4.8 | 4.48 | 4.22 | 432 | 31.__....._. 5.1 [|...... 4.7 | 425 (... 4.42
16, e ]eaaaas 578 | 4.8 | 4.52 4.2 | 4.38
Station rating table for Michigan Creek near Walden, Colo., from May 19, to October 31, 1905.
hgi‘é%i_ Discharge. hffé e | Discharge. h(giﬁgglft_ Discharge. hg'ig ¢ | Discharge.
Feet. Sec.ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.ft.
4.20 5 .? . 60 5.20 190 5.70 410
4.30 10 4.80 80 5.30 225 5.80 465
4,40 20 4.90 100 5.40 265 5.9 520
4.50 30 5.00 125 5.50 310 6.00 580
4.60 45 5.10 155 5.60 360 6.10 640

The above table is applicable only for open-channel conditions. It is based on fourteen discharge
measurements made during 1904-5, and is well defined between gage heights 4.3 feet and 5.8 feet.
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Estimated monthly discharge of Mickigan Creek near Walden, Oolo., for 1905.

Discharge in second-feet.

Month. Total in

Maximum. | Minimum. | Mean., | 8cre-feet.
May (19-31) v it ieieeeeeaceeaennaann 190 120 155 3,997
JUDC . e e e e e e 628 197 377 22,430
B Y 245 57 97.5 5,995
AU e e e e 60 8 31.2 1,918
September. ... ... . 20 5 8.9 530
L0771 173 N 22 10 15.1 928
The Period. vttt ie e e eeeemaameaa]meaeceeaa] e 35,800

MICHIGAN CREEKNEAR COWDREY, COLO.

This station was established May 9, 1904. It is located 100 feet above the wagon bridge
1} miles west of Cowdrey, Colo., in sec. 11, T. 10 N., R. 80 W., and is below all tributaries.

The channel is straight for 50 feet above and 100 feet below the station. The right
bank is a gradually sloping gravel bar which extends back about 80 feet; the left bank
is about 5.5 feet high and is well sodded. At high stages the stream overflows the right
bank for a distance of 75 feet from the main channel. The bed is composed of gravel
and is free from vegetation, uniform, and permsnent. There is but one channel at all
stages. In some places the current is swift and uniform; in others backwater, eddies,
and dead water occur. Near the bridge the channel is in poor condition, being obstructed
by piles and ruined piers of the bridge. The ordinary range of gage heights is about 3 feet.
The channel at the gage is almost entirely frozen over during the winter months, making
gage readings impossible.

Discharge measurements are made at high stages from the downstream side of the wagon
bridge. Low-water measurements are made by wading at convenient points above the
bridge.

The gage, which was read twice each day during 1905 by C. M. Hendrickson, consists
of an inclined staff spiked firmly to posts set into the left bank about 75 feet above the
bridge. This gage was washed out during the high water of June, 1905, but was replaced
in its original position and datum. The gage is referred to bench marks as follows:
(1) A 30-penny nail driven into the top of the south end of the cap timber. of the first
pile bent at the east end of the bridge; a witness nail is driven in beside it; elevation
of bench mark above the zero of the gage, 6.23 feet. (2) A standard iron-post bench
mark, located 3 feet south of the fence on the south side of the road, 75 feet north of the

“gage rod and 50 feet west of the river bank; elevation above the zero of the gage, 6.26 feet.
The elevation above sea level is about 7,870 feet.

This station was discontinued October 31, 1905.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 61-64.

@ For description of creek see p. 190.
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Discharge measurements of Michigan Creek near Cowdrey, Oolo., in 1905.
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Date. Hydrographer. | Width. ;f‘e‘;‘i?o%‘. vgf‘:éailtly hgiag%et. chIa)a,:r%g-e.
Ft. per
Feet. | Sq.ft. sec. Feet. Sec.t.
40 47 2.84 2.60 134
80 130 3.09 3.65 402
............................... 77 118 2.87 3.40 339
............................... 40 40 2.05 2.40 82
............................... 37 30 1.70 2.23 51
............................... 28 17 1.24 1.90 21
September 22..|..... L R 20 6.6 .98 1.67 6.5
NoTe.—Measurements made at different sections.
Daily gage height, in feet, of Michigan Creek near Cowdrey, Colo., for 1905.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
P 2.5 3.0 3.4 3.2 2.45 1.7 1.8 2.0
i 2.55 3.15 3.6 3.1 2.4 1.7 1.8 |........
2 2.5 3.2 3.7 3.1 2.42 1.7 1.8 |........
S 3.15 2.85 4.0 2.98 2,42 1.75 1.8 |........
U 3.35 2.8 4.4 2,9 2.4 1.85 1.8 [........
L e enaeiaa 3.2 2.6 4.6 2.85 2.42 1.9 1.8 |.......
P 3.0 2.4 4.6 2.7 2.4 1.95 1.8 |........
< 2 2.65 2.4 4.6 2.68 2.32 1.88 1.8 |.o.....
Y 2.7 2.5 4.7 2.55 2.28 1.85 1.8 |........

L 2.7 2.6 4.5 2.52 2.35 1.85 1.8 |.o......
1. P, 2.55 2.6 4.4 2.55 2.32 1.78 1.8 |........
12 e 2.55 2.5 4.3 2.5 2.3 1.75 1.8 |.......
Y 2.55 2.8 4.2 2.5 2.3 1.75 L8 ......
B S 2.55 2.3 4.1 2.5 2.3 1.75 1.85 [.......
R 2.45 2.25 4.0 2.5 2.3 1.75 1.92 ...,
2.2 3.9 2.48 2.25 1.75 1.95 [.......
2.3 3.8 2.42 2.2 1.75 L95 |.......
2.5 3.7 2.38 2.08 1.75 1.95 |........
2.5 3.6 2.38 2.0 1.75 1.9 (.......
2.55 3.5 2.38 2.0 1.72 L9 |........
2.85 3.4 2.4 2.0 1.7 1.9 l........
2.95 3.4 2.38 1.9, 1.7 1.9 |........
3.1 3.4 2.42 1.9 1.7 ) U R PO
3.3 3.38 2.42 1.88 1.7 19 [o......
3.5 3.35 2.35 1.82 1.75 1.9 |........
3.4 3.3 2.35 1.82 1.72 1.9 |........
3.4 3.25 2.38 1.85 1.7 1.9 jeeoo....
3.3 3.28 2.4 1.8 1.72 L9 [.......
3.35 3.18 2.4 .75 1.8 192 |........
3.5 3.15 2.5 1.65 1.8 1.95 ........
3.35 [eevnennn 2,45 1.66 [.ceeeee| LO8 ........

NoOTE.—Gage heights estimated June 10-20, inclusive.
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Station rating table for Michigan Creck near Cowdrey, Colo., from April 1 to October 31, 1905.

hgi;%% Discharge. hgiz ‘1‘ Discharge. ] hgig%et. Discharge. hg’ig%?;. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.Ht. Feet. Sec.-ft.
1.60 4 2.40 85 3.20 270 4.00 515
1.70 7 2.50 105 | 3.30 300 4.10 550
1.80 12 2,60 125 3.40 330 4.20 - 585
1.90 20 2.70 145 3.50 360 4.30 620

- 2.00 30 2.80 170 3.60 390 4.40 655
2.10 40 2,40 195 || 3.70 420 4.50 690
2.90 55 3.00 220 | 3.50 450 4.60 725
2.30 | ) 310 l 245 | 3.90 4 | 470 760

i | . i

The above table is applicable only for open-channel conditions. It is based on 12 discharge measure-
ments made during 1904-5. It is well defined between gage heights 1.7 feet and 2.6 feet and fairly well
defined to 3.6 feet. It has been extended beyond these limits.

Estimated monthly discharge of Michigan Creek near Cowdrey, Colo., for 1905.

Month. Discharge in second-feet. Total in
Maximum.| Minimum. | Mean, | 2cre-feet.

7 ¢ 315 85 133 7,914
MY - e e 360 55 186 11,440
June._...... 760 258 466 27,730
July_ ... .. 270 78 122 7,501
August... 95 6 50.7 3,117
September............... e e 25 7 16.9 649
October. .. e 28 12 17.5 1,076

The period. . ... . i e B P 59,430

NORTH PLATTE RIVER AT SARATOGA, WYO.

This station was established June 9, 1903. It is located at a point about 100 yards below
the two-span iron-truss bridge which connects East and West Saratoga,inT.17 N.,R.84W.

The middle pier of the bridge divides the stream into two channels with almost equal
capacity in high or low water periods. The banks are high and do not overflow. The bed
of the stream is composed of rock and gravel and is subject to little change. The current is
swift at ordinary stages, but at extreme low water a sort of basin is formed by the backing
up of the water by the riffles below, and the undercurrent is very sluggish. There are no
obstructions in the river above or below the station to interfere with the natural flow, but at
certain seasons each year a ““ tie drive’’ blocks the stream for a few days. The range of gage
readings is about 6 feet.

Discharge measurements are made from the bridge. The initial point for soundings
during high water is at the pier on the east end of the bridge and at ordinary stages is at
the center pier. ’ :

The gage was read twice daily during 1905 by J. M. Sterrett, who lives about one-fourth of
a mile distant. Tt consists of a flexible Gurley rod fastened securely to a timber spiked to
the cribwork at the northeast corner of what was formerly the Saratoga Club property. The
bench mark is a spike driven into a cottonwood tree 7 inches in diameter standing 30 feet
northwest of the gage; elevation, 9.84 feet above the zero of the gage.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey.

Description: 99, p 174, 131, pp 30-31.

Discharge: 84, p 94; 99, p 175; 131, p 31. )

Discharge, monthly: 99, p 176; 131, p 33. -

Gage heights: 99, p 175; 131, p 32.

Rating table: 99, p 176; 131, p 33.
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Date. Hydrographer. Width) LE8 0| veloetty. | height. | charge,
. Ft. per
Feet. | Sq.ft. sec. Feet. Sec.-ft.
March 24 203 487 0.85 1.01 416
April 17, 221 610 1.37 2.40 835
226 721 2.15 2.90 1,550
232 776 2.43 3.10 1,885
234 850 3.06 3.50 2,604
243 936 3.53 3.80 3,308
244 1,010 4.30 4.10 4,344
248 1,138 4.93 4.60 5,603
250 1,212 5.54 4.95 6,717
251 1,304 5.72 5.25 7.455
251 1,385 6.22 5.55 8,610
251 1,524 7.32 6.10 11,153
251 1,442 6.78 5.80 9,790
September 9a..| A.J. Parshall......._...... ... ... _. 105 126 2.35 1.70 296
e Made by wading one-fourth mile below station.
Daily gage height, in feet, of North Platte River at Saratoga, Wyo., for 1905.
Day. Mar. | Apr. | May. | June. | -July. | Aug. | Sept. | Oct. | Nov. | Deec
1.72 2.02 3.25 4.72 3.68 2.35 1.55 1.68 1.54 1.79
172 2.05 _3. 45 4.92 3.58 2.32 1.52 1.68 1.68 1.87
172 2.02 3.45 5.18 3.78 2.28 1.52 1.66 1.82 1.85
1.78 2.02 3.28 5.6 3.6 2.22 1.52 1.66 1.94 1.87
1.78 2.0 3.08 6.0 3.38 2.2 1.55 1.66 1.95 1.82
1.85 2.1 2.95 5.68 3.22 2.15 1.62 1.62 1.89 1.7
2.02 2.18 2.88 5.65 3.08 2.08 1.7 1.6 1.88 1.62
1.8 2.32 2.9 5.65 3.0 1.95 1.78 1.57 1.83 1.78
1.75 2.6 3.12 6.1 3.0 1.9 1.72 1.6 1.8 1.69
175 2.72 3.2 6.05 2.95 1.9 1.66 1.58 ) P A P
1.78 2.68 3.15 5.7 2.85 1.95 1.62 1.58 1.68 |........
1.8 2.45 3.05 5.58 2.7 2.18 1.56 1.62 1.66 |........
1.85 2.55 2.95 5.48 2.65 2.18 1.56 1.62 1.66 [........
1.85 2.68 2.9 5.3 2.6 . 2.08 1.51 1.7 1.68 | .......
1.9 2.55 2.85 5.2 2.68 1.98 1.48 1.69 178 |ooo.on.s
1.92 2.48 2.9 5.18 2.6 1.92 1.44 1.68
1.95 2.4 3.12 5.22 2.58 1.88 1.4 1.72
1.98 2.38 3.5 4.95 2.52 1.82 1.42 1.72
2.0 2.4 3.8 4.7 2.42 1.72 1.44 1.69
1.98 2.55 4,05 4.55 2.6 1.7 1.46 1.68
2.02 2.5 4.22 4.5 2.62 1.68 1.42 1.62
2.05 2.42 4.52 4.5 2.6 1.62 1.41 1.72
2.0 2.45 4.7 4.48 2.52 1.6 1.42 1.74
2.02 2.5 4.82 4.5 2.38 1.6 1.4 1.78
1.98 2.5 4.7 4.4 2.25 1.58 1.42 1.8
2.02 2.48 4.7 4.32 2.2 1.55 1.44 1.82
2.08 2.62 4.68 4.22 2.18 1.55 1.48 1.82
2.02 2.88 4.7 4.1 2.18 1.55 1.47 1.81
1.9 3.05 4.48 3.9 2.2 1.52 1.51 1.82
2.02 3.05 4.38 3.8 2.2 L5 1.59 1.82
2,05 |-....... 4.48 ... 2.25 15 jeeeennnn 1.68 .o

NoTE.—Gage heights estimated March 14,
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Station rating table for North Platte River at Saratoga, Wyo., from March 1 to December 9,
1905.

hg’% S | Discharge. hgffé . |Discharge. }ﬁa?gl‘:t. Discharge. l hgi; S | Discharge.

Feet. Sec.-ft. Feet. Secft. Feet. | Sec.ft. Feet. Sec.-ft.
1.40 180 2.50 970 3.60 2,905 4.70 5,945
1.50 215 2.60 1,005 3.70 3,145 4.80 6,265
1.60 255 2.70 1,230 3.80 3,390 J 4.90 6,590
1.70 300 2.80 1,375 3.90 3,645 ’ 5.00 6,920
1.80 355 2.90 1,530 4.00 3,905 5.20 7,590
1.90 415 3.00 1,695 4.10 4,175 5.40 8,270
2.00 485 3.10 1,870 4.20 4,455 5,60 8,960
2.10 565 3.20 2,055 4.30 4,740 5.80 9,660
2.20 655 3.30 2,250 4.40 5,030 6.00 10, 360
2.30 750 3.40 2,455 4.50 5,325
2.40 855 3.50 2,675 4.60 5,630

The above table is applicable onl?' for open-channel conditions. It is based on 14 discharge measure-
ments made during 1905, and is well defined between gage heights 1.7 feet and 6 feet.

Estimated monthly discharge of North Platte River at Saratoga, Wyo., for 1905.

Discharge in second-feet. Total in

Month. - Maximum.| Minimum.| Mean. | 3cTe-feet.
March.. ... et eeeeeeecenaeaeeaneaaanas 549 311 425 26, 130
Apnl ........... 1,778 485 952 56, 650
MY e 6,330 1,452 3,329 204,700
June...... 10,710 3,390 7,019 417,700
July. 3,341 637 | 1,404 86,330
- August... 802 215 430 26, 440
September....... ... 344 180 226 13,450
October. .. ..oe i 367 243 299 18,380
November F e 450 227 334 19,870
December 1-9. ... ..o 397 264 344 6,141
The period. . ..ot i dr e e 875, 800

NORTH PLATTE RIVER AT GUERNSEY, WYO.

This station was established June 14, 1900. It was originally located at the highway
_bridge about half a mile northwest of Guernsey, Wyo., in sec. 35, T. 27 N., R. 66 W., but
at the opening of the season of 1902 the gage rod was removed to the railroad bridge 300
feet above the first location.

The channel is straight both above and below the station. The banks are high and not
liable to overflow. The bed of the stream is sandy but fairly permanent. The channel is
broken by two piers and six rows of piling, but no other obstructions above or below inter-
fere with the flow. The ordinary range of gage heights is about 7 feet. At the highway
bridge the bed of the channel is more changeable, but the velocity is more uniform.

- Discharge measurements are still made from the highway bridge. The initial point for
soundings is on the left bank.

The gage was observed during 1905 by W. F. Peterson, who lives about 100 yards distant.
The 1902 gage was fastened to one of the piers of the railroad bridge and was placed 1 foot
lower than the original gage had been. In the latter part of 1903 the 1902 gage was replaced
by a new one with its zero at the same elevation as that of the old gage. The new rod
was attached to the pile of the railroad bridge; which had been recently reconstructed.
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The 1902 bench mark was a spike driven into the sleeper of the highway bridge at an eleva-
tion of 10.04 feet above gage datum. The 1903 bench mark is a United States Geological
Survey monument 125 feet east of the gage rod; elevation above the zero of the gage, 13.72
feet. The elevation of the zero of the gage above sea level is 4,317 feet. The reconstruc-
tion of the bridge under which the gage was placed interfered somewhat with conven-
ient reading, and in 1905 a secondary gage rod was placed nearer the bank for use during
lower stages of water. . )
Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: WS 49, p 275; 66, p 27; 84, pp 68-69; 99, pp 165-166; 131, pp 35-36.
Discharge: WS 49, p 275; 66, p 27; 84, p 69; 99, p 166; 131, p 36.

Discharge, monthly: Ann 22, iv, p 312; W8 75; p 125; 84, p 70; 99, p 167; 131, p 38.
Gage heights: WS 49, p 275; 66, p 27; 84, p 69; 99, p 166; 131, p 37.

Hydrograph: WS 75, p 126.

Rating tables: WS 52, p 516; 66, p 171; 84, p 70; 99, p 167; 131, p 38.

Discharge measurements of North Platte River at Guernsey, Wyo., for 1905.

Date. Hydrographer. Width. ;Aecri?ogf. vgl%%’.ﬁly. h(e}iz %. ch];)x.ge.
]
Feet. 8q. ft. Fts,‘{er Feet. Sec.-ft.
208 428 2.54 1.00 1,089
296 625 3.28 1.65 2,052
329 1,214 4,95 3.50 6,007
330 1,306 5.24 3.80 6,838
330 1,156 4.41 3.20 5,004
330 1,855 5.80 5.25 10,760
330 1,751 5.52 5.00 9,660
330 1,697 5.33 4.80 9,053
330 2,073 6.11 6.00 12,670
330 2,078 6.14 6.00 12,760
297 585 2.71 1.45 1,586
297 580 2,67 142 1,549
312 - 13 3.37 1.95 2,405
311 620 3.15 1.65 1,949
287 613 3.05 1.58 1,870
201 360 2.19 .85 788
200 354 2.12 .80 749
August 30. ....|..... L o 195 300 1.45 .38 434
September 5...|..... L L 189 263 1.29 .20 340
September 28.._|..... [ U T 186 250 \1.20 .10 300
October 7......J..... 14 1S 196 307 1.85 .45 478
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Daily gage height, in feet, of North Plaite River at Guernsey, Wyo., for 1905.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.

B 1.0 2.85 5.25 3.85 1.85 0.55 0.1 0.5
2 1.0 3.05 5.0 5.3 1.85 .25 .3 .5
7 1.0 3.5 4.88 3.75 1.45 .25 .38 .5
A i ' 1.0 3.8 4.95 3.45 1.3 .25 .3 .5
B e 10| 37| s505| 325 11 .2 .32 .5
1.1 3.7 5.25 3.1 1.0 .2 .38 .5

1.12 3.75 5.6 3.25 1.0 .2 45 .52

1.2 3.8 5.95 3.15 1.25 .25 5 .55

1.2 3.9 6.0 2.85 1.0 .3 .45 .6

1.28| 3.8 6.0 2.55| 1.0 4 .4 .6

1.38 1 3.6 6.0 2.35| 1.0 .45 .35 .65

1.4 3.3 6.4 2.15 1.3 .5 .3 .65

5 1.45 3.2 6.3 2.05 1.8 .4 .3 .62
1.65| 3.2 6.15| 2.0 1.15 48 .3 .6

1.9 3.1 6.05 2.0 1.0 4 .3 .6

2.0 3.05 5.95 1.88 .9 . .35 .55

1.8 3.0 5.75 1.75 .8 .4 .32 .52

1.8 2.9 565| 1.65 .8 .4 .35 .5

1‘9 .................................... "1.85 2.9 5.585 1.55 .95 .35 .35 .5
20, e | 185 3.1 545 1.48 .9 .3 .35 .5
4 '2.15 .2 5251 L72 .85 .25 .35 .5
2.1 3.4 4.95 1.7 .8 .2 .4 .5

2.15 5.15 4.75 1.5 LT .2 .4 .55

2.4 4.3 4.45 1.4 .62 .15 4 .58

3.15 4.35 4.35 1.4 .55 .12 .4 .6

3.3 4.7 4,25 1.5 .5 .45 .6

3.05 5.0 4.15 1.6 .48 .1 .45 .7

3.25| - 5.1 4.1 1.7 .5 .1 .5 .68

22 3.4 5.2 4.0 1.5 .48 .1 .55
30, i 3.0 5.35 3.9 2.0 1.2 .1 BN .50
.3 S : ,,,,,,,, 54 (... 1.65 1.0 {........ I T IO

Station rating table for North Platte River at Guernsey, Wyo., from Apri 1 to June 12, 1905.

h(jiag ‘1. Discharge. hgiaé ?:. Discharge. hgiag et‘ Discharge. hg;, et. Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.ft.
1.00 1,090 2.10 2,795 3.20 5,125 4,60 8,770
1.10 1,225 2.20 2,970 3.30 5,370 4.80 9,310
1.20 1,365 2.30 3,150 3.40 5,620 5.00 9, 860
1.30 1,510 2.40 3,340 3.50 5,870 5.20 10, 410
1.40 1,660 2.50 3,540 3.60 6,125 5.40 10,970
1.50 1,815 2760 3,750 3.70 6,385 5.60 11,540
' 1.60 1,970 2.70 3,965 3.80 6,645 5.80 12,120
1.70 2,130 2.80 4,185 3.90 6,905 6.00 12,700
1.80 2,290 2.90 4,410 4.00 7,170 6.20 13, 300
1.90 2,455 3.00 4,640 4.20 7,700 6.40 13,900
2.00 2,625 3.10 4,880 4.40 8,230

The above table is applicable only for open-channel conditions.

It is based on ten discharge meas-

urements made during the first part of 1905, and is fairly well defined. Owing to shifting conditions
this table is not applicable subsequent to high water.
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Station rating table for North Platte River at Gliemsey, Wyo., from June 13, to November 30,
1905.

Gage
height.

Gage
height.

Gage
height.

Discharge. Discharge. h(;?gg]ft‘ Discharge. Discharge.

Feet. Sec.feet. Feel. Sec.feet. Feet. Sec.feet. Feet. Sec.-ft.

0.10 205 0.80 765 1.50 1,670 2.20 2,925
20 335 .90 865 1.60 1,835 2.30 3,125
.30 385 1.00 975 1.70 2,005 2.40 3,330
.40 445 1.10 1,005 1.80 2,180 2.50 3,540
50 515 1.20 1,225 1.90 2,360
.60 590 1.30 1,365 2.00 2,545
.70 675 1.40 1,515 2.10 2,730

The above table is applicable only for open-channel conditions, It is based on eleven discharge meas-
urements made during the latter part of 1905, and is fairly well defined. Above 2.5 feet the table is the
same as the preceding one.

Estimated monthly discharge of North Platte River at Guernsey, Wyo., for 1905.

[Drainage area, 16,240 square miles.]

Diécharge in second-feet. Run-off.
Total in
Month. Second-feet
Maximum. | Minimum. | Mean. | 2crefeet | Lo square Diagltlggn
mile. .

5,620 1,090 2,544 151, 400 0.157 0.175
10,970 4,298 6,745 414,700 .415 . 478
13,900 6,905 10, 580 629, 600 .651 .726
10,690 - 1,515 3,289 202, 200 .203 .234
2,270 501 1,041 64,010 .064 .074
552 295 382 22,730 .024 .027

515 295 435 26, 750 .027 .031
675 515 559 353', 260 .034 .038
.................................. 1,545,000 |. oo ooiiiieiiaiaaas

NORTH PLATTE RIVER AT ALCOVA, WYO.

This station was established February 19, 1904, by John E. Field. It is located at the
highway bridge 1,000 feet southwest of the post-office at Alcova, Wyo. There are no run-
ning tributaries entering the river in this vicinity.

The channel is straight for 1,500 feet above and 800 feet below the station. The current
is swift in the center and sluggish near the banks. Both banks are high, clean, and not
liable to overflow. The bed of the stream is rocky, covered with small bowlders, and is per-
manent. The river is divided by the bridge piers into ten channels at low water and thir-
teen channels at high water. The bottom at the measuring section is rough and uneven,
and this may affect the accuracy somewhat.

Measurements are made from the downstream side of the bridge. The initial point for
soundings is the north end of the downstream hand rail.

The gage is a staff fastened to the northeast corner of the crib pier supporting the center
of the bridge. During 1905 the gage was read twice a day by A. F. Hollebaugh. The bench
mark is a standard United States Geological Survey iron post located at the west quarter
corner of sec. 19, T. 30 N., R. 82 W. It is about 1,000 feet due north of the post-office. Its
elevation is 5,366 feet above sea level and 36.67 feet above the gage datum.

July 20, 1905, a measurement was made by L. V. Branch with the following resul: Afea
of section, 670 square feet; mean velocity, 1.68 feet per second; gage height, 5.42 feet; dis-
charge, 1,126 second-feet.
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A description of this station, with gage height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 34-35.

Daily gage height, in feet, of North Platte River at Alcova, Wyo., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
3.8 3.8 432| 50 6.8 | 9.5 7.6 5.0 3.9 4.0 4.18 3.9
3.7 3.8 435! 5.05| 6.8 9.7 7.4 5.1 3.9 3.95| 4.3 4.0
3.8 | 3.8 438 | 5.05| 7.15| 9.9 7.25| 5.2 3.8 4.3 4.22 4.1
3.85| 3.8 4.48 | 5.08| 7.35| 10.1 7.3 5.1 3.8 4.25 1 4.15 4.05
3.85| 3.8 4.7 5.12| 7.35] 10.8 7.3 5.05| 3.9 4.1 4.15 4.05
3.8 3.75| 4.75| 5.05| 7.05|11.35| 7.15| 4.95| 4.25| 4.1 4.32 3.95
Tl 3.8 3.75| 4.82| 495| 6.8 | 11.3 6.8 | 4.9 4.4 4.1 4.4 4.0
- J 3.85| 3.8 4.8 5,02 6.65|11.05| 6.6 4.9 4,25 | 4.1 4.58 3.9
Qi 3.7 | 3.8 4.78 | 5.05| 6.52 | 11.0 6.45| 4.8 4.4 4.05 | 4.52 3.95
100t 3.7 3.7 4.8 5.2 6.6 | 11.3 6.28 | 4.7 4.3 4.0 4.52 3.9
3.85| 3.65| 475 5.65| 7.0 | 1.5 6.2 4.65 | 4.3 4.0 4.48 3.8
3.7 | 3.8 4.8 | 6.1 7.15 | 11.1 6.06 | 4.65| 4.2 4.0 4.4 3.8
3.65| 3.8 4.9 5.9 7.0 | 10.6 5.95| 4.55| 4.1 4.0 4.4 3.8
3.5 3.8 492 575 6.78 ) 10.55 | 5.8 4.7 4.1 4.0 4.28 3.8
3.6 3.8 4.95! 5.65{ 6.7 |10.2 5.7 5.0 4.0 4.0 4.22 3.7
3.75| 3.8 5.1 5.8 6.55 | 10.15 | 5.6 495§ 3.9 4.0 4.2 3.6
3.85| 3.8 5.35| 5.8 | 6.55|10.05 5.6 4.75 | 3.9 4.12 | 4.32 3.7
3.9 3.8 | 5.32| 5.8 6.65 | 10.0 5.5 4.6 3.9 4.18 | 4.4 3.7
3.8 | 3.95| 5.2 5.7 7.1 9.8 5.4 4.45 | 3.9 4181 4.42 3.7
3.8 | 4.0 5.15( 5.68{ 7.75| 9.35 | 545, 4.4 3.8 4.2 4.45 3.8
3.9 4.05( 5.15| 5.7. 8.45| 9.0 5.5 4.3 3.78 | 4.3 4.5 3.8
3.95 | 4.0 5.15| 5.8 | 8.8 8.8 5.45 | 4.25| 3.75| 4.25| 4.42 3.85
3.9 4.05| 5.15| 5.8 | 9.16| 8.7 |N5.4 4.2 3.7 | 4.2 4.38 3.65
3.9 4.1 5.15| 5.8 | 9.55| B.7 5.4 4.2 3.8 4.12 | 4.22 3.55
3.95 | 4.1 515 5.9 9.75 | 87 525 | 4.1 3.78| 415 3.65| 3.55
4.0 41531 5.1 6.15| 9.9 8.5 5151 4.0 3.75 | 4.2 3.82 3.5
4.0 4,15 | 5.1 6.15| 9.85| 8.4 5.05| 4.0 3.7 4.35| 3.9 3.4
4.05) 4.25| 5.15| 6.08, 9.8 815 495 40 | 3.7 4.22 | 4.05 3.5
5,12 6.28| 9.95| 8.05| 4.9 3.9 3.7 4.32| 4.25 3.4
5.06| 6.751 9.75| 7.75| 5.2 3.9 3.9 4.42| 3.8 3.25
5.05 [....... 9.5 |....... 5.1 3.9 (....... 4.35 [....... 3.45

NoTE.—Probable ice condition January, February, March, and December.
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Station rating table for North Platte River at Alcova, Wyo., from February 21, 1904, to Decem-
ber 31, 1905.

h(éiaé ¥, | Discharge. h(e}iz <. | Discharge. hgiz%i. Discharge. h(gfé%&. Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.ft.
3.40 110 4.90 760 6. 40 2,200 8.80 6,325
3.50 130 5.00 830 6.50 2,330 9.00 6,770
3.60 155 5.10 900 6.60 2,465 9.20 7,225
3.70 180 5.20 975 6.70 2,600 9.40 7,685
3.80 210 5.30 1,055 6.80 2,740 9.60 8,155
3.90 245 5. 40 1.140 6.90 2,885 9.80 8,635
4.00 285 5.50 1,230 7.00 3,030 10.00 9,120
4.10 325 5.60 1,320 7.20 3,330 10.20 9,630
4.20 i 370 5.70 1,415 7.40 3,645 10. 40 10, 160
4.30 415 5.80 1,515 7.60 3,980 10. 60 10,720
4,40 465 5.90 1,620 7.80 4,335 1‘0< 80 11, 300
4.50 520 6.00 1,730 8.00 4,700 11. 00 11,900
4.60 576 6.10 1,840 8.20 5,080 11.20 12, 150
4.70 635 6.20 1,955 8.40 5,475 11. 40 13,130
4.80 695 6.30 2,075 8.60 5,890

The above table is applicable only for open-channel conditions.

It is based on eight discharge meas-

urements made during 1904-5, and is fairly well defined between gage heights 4.5 feet and 9.5 feet. Below

4.5 feet the table is uncertain.

Estimated monthly discharge of North Platte River at Alecova, Wyo., for 1904-5.

Month. Discharge in second-feet. Total in

Maximum.| Minimum. | Mean. | 8cTe-feet.
2,958 747 1,729 102, 900
11, 450 3,210 5,900 362, 800
8,395 3,485 6,758 402, 100
3,517 695 1,808 111,200
816 440 582 35,790
1,302 210 389 23,150
647 361 482 29,640
465 110 307 11,570
.................................. 1,079, 000

1905.

7N o | R 2,670 795 1,394 82,950
. 8,998 2,357 4,707 289, 400
15 1 T 13, 440 4,245 8,855 526, 900
JULY o oo 3,980 760 1,817 111, 700
AUgUSt . e 975 245 574 35,290
September. . ... .o 465 180 273 16,240
October. ... il 476 265 347 21, 340
November. ... 564 168 406 24,160
The pertod. . ... vt iiieicciin e ceecceemeaarcacaan]aaeaccanana]ecaeenaaae 1,108,000

NotE.—No estimate for ice period.
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NORTH PLATTE RIVER NEAR MITCHELL, NEBR.

This station was established June 3, 1902. Tt is located at a highway bridge 1 mile south
of Mitchell, Nebr., in sec. 27, T. 23 N., R. 56 W., and replaces the station at Gering, Nebr,

The channel is straight for 2,000 feet above and below the station. Both banks are low
and sandy, but are not liable to overflow. The bed of the stream is composed entirely of
shifting sand to a depth of 20 feet or more. At high stages there are three channels and at
low stages there are from three to forty channels. The current is never sluggish, even at
extreme low water. The river is frozen during the winter months. The range of gage
heights is about 5.5 feet.

Discharge measurements are made from the upstream side of the highway bridge, which
has a total span of 1,565 feet and is supported on pile bents 20 feet apart. The initial point
for soundings is the zero mark at the north end of the bridge.

A standard chain gage, which was read during 1905 by B. H. Newbold, is fastened to the
upstream end of the hand rail near the center of the bridge. The length of the chain is 10.60
feet. The gage is referred to bench marks as follows: (1) A cross cut in the floor of the
bridge at the gage; elevation, 9.74 feet. (2) The head of a nail in the top of the west end
of the cap of the first bent at the north end of the bridge; elevation, 8.56 feet. (3) A stand-
ard aluminum bench-mark cap, marked “U. S. G. S. B. M.,” leaded into the top of a 2-inch
gas pipe 4 feet long, located 138 feet north and 30 feet east of the north end of the down~
stream hand rail; elevation, 8.64 feet. Elevations are above gage datum.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 66, p 28; 84, p 66; 99, pp 162-163; 131, p 39.

Discharge: 66, p 28; 84, p 67; 99, p 163; 131, p 40.

Discharge, monthly: 75, p 126; 84, p 68; 99, p 165; 131, p 41.

Gage heights: 66, p 28; 84, p 67; 99, p 164; 131, p 40.

Rating tables: 84,.p 63; 99, p 164; 131, p 41.

Discharge measurements of North Platte River near Mitchell, Nebr., in 1905.

Date. Hydrographer. Width) SO0 | valoaty. | haght. | change
Ft. per

Feet. | Sq.ft. sec. Feet. Sec.-ft,
March29...... H.C.Gardner_........_............. 1,575 648 1.83 2.40 1,186
May12........)..... & O S 1,225 | 2,385 3.61 4.15 8,619
June 13........[..... 5 o 1,037 3,954 4.24 5.20 16,770
July 11... ... ... 6 N 1,050 1,513 2.54 3.25| | 3,852
July 20............. & L Y 800 760 2.13 2.50 1,622
August 3......0..... L& 762 871 2.31 2.75 2,014
September 21..| F. 8. Dobson........................ 450 215 1.77 1.92 383
September 7...| H. C. Gardner....................... 450 266 2.39 1.95 507
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Daily gage height, in feet, of North Phatte River near Mitchell, Nebr., for 1905.
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Day. Jan. Feb. N{mr. . Apr. | May. | June. | July. | Aug. | Sept. | Oct.
1.87 2.72| 2.5 4.1 5.0 4.1 2.7 2.1 1.9
1.79 2.65| 2.6 4.1 4.9 4.1 2.6 | 2.0 1.9
1.77 2.4 2.6 4.2 4.8 4.1 2.7 2.0 1.9
1.8 |ooeeo... 2.37| 2.55| 4.3 4.8 3.9 2.7 2.0 1.9
1.81 ... 2.35| 2.5 4.4 4.8 3.8 2.6 2.0 1.9
1.76 [coeon... 2.34| 2.5 4.3 4.8 3.7 2.6 1.9 1.9
L7 | 2.32| 2.5 4.4 4.8 3.6 2.6 1.9 1.9
1.78 |oeennns 2.3 2.5 4.5 4.9 3.6 2.5 2.0 1.9
1.75 e, 2.34 2.5 4.4 5.1 3.5 2.5 2.0 1.9
1.74 ... 2.35| 2.5 4.4 5.0 3.4 2.5 1.95 1.9
1.65 |........ 2.34| 2.6 4.3 5.0 3.2 2.5 1.9 1.9
1.64 [........ 2.25] 2.7 4.2 5.0 3.2 2.5 1.9 1.9
1.64 |....... 2.3 2.7 4.2 5.2 3.1 2.65) 1.9 1.9 |
1.65 |-ceenn.- 2.27| 2.8 415 5.2 3.0 2.8 1.9 2.0 \
1.66 |........ 2.35| 2.8 4.1 5.0 2.9 2.6 1.9 2.0 |
1.76 oo, 2.38| 2.9 4.1 4.9 2.85| 2.5 1.9 | 2.0
170 | 2.41| 3.0 4.1 4.8 2.8 2.4 1.9 1.9
1.82 (... 2.35| 3.1 4.0 4.8 2.7 2.3 1.9 1.9
1.86 [oeee.... 2.4 3.1 3.9 4.8 2.6 2.3 1.9 1.9
1.88 [ceeee... 2.35| 3.1 3.9 4.7 2.6 2.25| 1.9 2.0
1.95 [ooe..... 2.4 3.1 4.0 4.7 2.5 2.2 1.9 2.0
2.0 2.1 2.45| 3.3 4.1 4.6 2.5 2.3 1.9 2.0
2.05| 2.15| 2.5 3.4 4.2 4.4 2.55| 2.3 1.9 2.0
2.1 2.25| 245 3.5 4.9 4.3 2.6 2.2 1.9 2.0 ‘
1.87| 2.3 2.35| 3.6 4.7 4.25| 2.6 2.2 1.9 2. 1
2.07| 2.53| 242 4.1 4.6 4.2 2.5 2.2 1.9 2.0 |
2.00| 2.55| 2.4 4.2 4.6 4.1 2.7 2.15| 1.9 2.0 j
2.00 | 2.6 2.36 | 4.1 4.7 4.0 2.8 2.1 1.9 2.0 '
1.8 feeennnn- 2.42| 4.3 4.8 4.0 2.8 2.0 1.9 2.05 3
1.72 oL 2,45 4.2 4.9 4.0 275 2.0 1.9 2.1 3
1.69 |..oo... 2.42 | ... 49 |....... 2.7 2.0 |oeeeonn. 2.1

NorE.—Ice conditions during January and February.

Station rating table for Norih

Platte River near Miichell, Nebr., from January 1 to

October 31, 1905.
lgl'a;gghea Discharge. h(e}iaé%let. Discharge. hgi;%et. Discharge. hg’% . | Discharge.
Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.ft. Feet. Sec.ft.
T 1.90 380 2.80 2,260 3.70 6, 050 4.60 11,900
2.00 520 2.90 2,570 3.80 6,600 4.70 12, 700
2.10 670 3.00 2,900 3.90 7,150 4.80 13, 500
2.20 840 3.10 3,260 4.00 7,700 4.90 14, 300
2,30 1,030 3.20 3,650 4.10 8,300 5.00 15, 100
2.40 1,250 3.30 4,070 4.20 8,900 5.10 15,900
2.50 1,480 3.40 4, 520 4.30 9,600 5.20 16, 800
2.60 1,720 3.50 5,000 4.40 10, 300
2.70 1,980 3.60 5,500 4. 50 11, 100

The above table is applicable only for open-channel conditions. It is based on eight discharge meas-
urements made during 1905 and is fairly well defined.

IRR 172—06 —14




204 STREAM MEASUREMENTS IN 1905, PART VIII.

Estimated monthly discharge of North Platte River near Miichell, Nebr., for 1905.

[Drainage area, 24,400 square miles.]

Discharge in second-feet. Run-off.

Totalin | qurafemr |
Month. Second-feet :
Maximum.| Minimum. | Mean. | 2cre-feet. | "o cquare ?Ifg}fgsm
mile.

2,036 935 | 1,239 76,180 0.051 0.05¢
9,600 1,480 3,573 212,600 146 .163
14,300 7,150 | 10,010 | 615,500 410 473
16,800 7,700 | 12,760 | 759,300 523 584
8,300 1,480 3,504 221,000 147 17C
2,260 520 1,296 79,690 053 061
September. _. 670 380 420 24,990 017 01d
October...._ ...l 670 380 460 28,280 .019 622
The PETIOA. « -« « v eemeeemenemememeeemeecl oo eeeaees 2,018,000 |- omenoeeeeanen.s

NoTE.—No estimate for ice period.
NORTH PLATTE RIVER AT BRIDGEPORT, NEBR.

This station was established May 4, 1902. It is located at the highway bridge on the
public road about one-half mile north of Bridgeport, Nebr., in sec. 28, T. 20 N., R. 50 W.

At the gaging section the channel is narrowed by a dike built as a bridge approach, but
is straight for a considerable distance both above and below. The banks are low, but are
not liable to overflow. The bed is composed of shifting sand. There is but one channel at
ordinary or high stages, but at low water the stream is divided into many winding channels.
The water is never sluggish.

Discharge measurements are made from the upstream side of the highway bridge, which
is supported by pile bents about 20 feet apart. The initial point for soundings is the zero
mark on the hand rail at the south end of the bridge.

The gage, which was read during 1905 by Porter Hannawald, is of the wire and weight
type and is fastened to theupstream hand rail of the bridge. The length of the wire is 12.80
feet. The gage is referred to bench marks as follows: (1) A 6 by 6 inch stone, marked
“U.S.C.&G. S.,” in the NE. %, sec. 32, T. 20 N., R. 50 W., of the sixth principal meridian,
130 feet east of the east gate of the stock yards and 300 feet northwest of the northwest cor-
ner of the public school building; elevation, 9.94 feet. (2) A standard aluminum United
States Geological Survey bench-mark cap set in a 20 by 12 by 6 inch stone located about 50
feet south and a little east of the northeast corner of lot No. 4, block No. 2, of the Riverside
addition to Bridgeport, Nebr.; elevation, 11.32 feet. (3) The head of a nail in the top of
the west end of the cap of the south bent of the bridge; elevation, 10.14 feet. Elevations
are above the datum of the gage.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 84, p 64; 99, pp 159-160; 131, p 42.
Discharge: 84, p 65; 99, pp 160-161; 131, p 43.
Discharge, monthly: 84, p 66; 99, p 162; 131, p 44.
Gage heights: 84, p 65; 131, p 43. |

Rating tables: 84, p 66; 99, p 162; 131, p 44.
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Discharge measurements of North Platte River at Bridgeport, Nebr., in 1905.

Date. Hydrographer. Width, ﬁez?;?ogf. vgilo%sﬁly. hgiaé%l%. ch]zirze.
Ft. per

Feet. | Sq.ft. sec. Feet. Sec.t.
March 29 2,200 845 1.67 5.10 1,417
May 12... 2,200 4,150 2.66 6.30 11,040
June 14... 2,190 4,004 |  3.57 7.00 17,550
July 12... 2,190 2,089 2.26 5.65 4,608
July21........ 1,960 1,287 1.84 5.40 2,367
August 4 2,060 1,208 1.92 5.45 2,504
September13..| A. DobsSOn.......cooeuiiiniannaann.. 639 232 1.57 4.91 366

Daily gage height, in feet, of North Plaite River at Bridgeport, Nebr., for 1905.

Day. Mar. Apr. | May. | June. | July. | Aung. | Sept. | Oct.

5.5 6.45 6.83 6.25 5.46 4.8 4.86
5.7 |7 6.43 6.81 6.25 5.54 4.84 4.9
5.52 6.4 6.75 6.25 5.37 4.93 4.92
5.3 6.4 6.65 6.35 5.4 4.87 4.94
5.27 | 6.37 6.62 6.2 5.48 4.94 4.95

5.27 6.5 6.55 6.0 5.36 4.9 4.93
5.25 6.41 6.57 5.95 5.35 4.87 4.9
5.32 6.43 6.78 5.88 5.37 4.9 4.9
5.35 6.45 6.86 5.85 5.31 4.9 4.9

5.32 6.4 6.8 5.8 5.3 4.96 4.93
5.43 6.46 6.9 5.75 5.33 4.94 4.95
5.36 6.33 6.9 5.68 5.21 4.93 4.97
5.42 6.3 6.95 5.6 5.27 4.91 4.98
5.35 6.25 6.98 5.5 5.16 4.95 5.23
5.37 6.25 7.0 535 5.3 4.9 5.15
5.3 6.3 6.95 5.43 5.39 4.87 5.1

5.38 6.25 6.8 5.43 5.13 4.87 | 5.1

5.62 6.28 6.8 5.4 5.05 4.89 5.08
5.6 6.25 6.8 5.34 5.0 4.97 5.03

5.9 6.28 6.7 5.25 4.96 5.0 5.02
5.57 6.15 6.6 5.37 4.9 4.95 5.07
5.62 6.26 6.65 5.37 4.98 4.9 5.05
5.8 6.25 6.6 5.05 4.95 4.9 5.1

6.0 6.6 6.6 5.32 4.9 4.9 5.08

6.0 6.53| 6.5 5.16| 4.8 4.92 5.08
6.02| 6.5 6.35| 5.13| 5.06| 4.87 5.06
6.2 6.52| 6.3 543 | 5.07| 4.88 5.08
6.2 6.6 8.25| 5.42| 4.9 4.87 5.0
6.2 6.55 | 6.2 5381 4.88] 4.86 5.1
6.4 6.57 | 6.15| 5.54| 4.9 4.88 5.08
........ 6.7 |ceec...| 543 488 |........| 5.1
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Station rating table for North Platte River at Bridgeport, Nebr., from March 29 to July 11, 1905

h(e?ig % Discharge. h(za?égl?t. Discharge. h(g{lg et. Discharge. hgiag % Discharge.
Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
5.10 1,400 | 5.60 4, 400 6.10 8,750 6.60 13, 700
5.20 1,90 | 570 5,250 6.20 9, 700 6.70 14, 700
5.30 2, 400 5.80 - 6,100 6.30 10, 700 6.80 15, 700
5.40 3,000 5.90 6,950 6.40 11,700 6.90 16,700
5.50 3,700 6.00 7,800 6.50 12,700 7.00 17,700

The above table is based on four discharge measurements made during 1905 and is fairly well definec
between gage heights 5.1 feet and 7 feet.

From July 12 to 21 the rating table was applied indirectly. After July 21 the follow-
ing table was used:

Station rating table for North Platte River at Bridgeport, Nebr., from July 22 to October 31, 1905

hgiz <. ' Discharge. ’ hgi‘;%i. Discharge. h(giaggts;. ‘ Discharge. ! b ;fg%et Discharge.
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. ‘ Feet Sec.-ft.
4.80 200 5.10 930 5.30 1,720 2,920
4.90 350 5.20 1,270 ‘ 2, 300 5. 60 3,600
5.00 600 ) ) 1
|

The above table is applicable only for open-channel conditions. It is based on three discharge meas:
urements made during 1905 and the general form of the 1904 curve. It is not well defined.

Estimated monthly discharge of North Platte River at Bridgeport, Nebr., for 1905.

[Drainage area, 23,190 square miles.]

Discharge in second-feet. I Run-off.
Totalin

Month. Second-feet s
Maximum.| Minimum. | Mean. acre-feet. per square Digg}glelsm

mile. *
11,700 2,150 4,822 286,500 0.208 0.23
14,700 9,225 11,710 720,000 .505 .58
17,700 9,225 14,430 858,600 622 .6¢-
11,200 765 4,536 278,900 .196 22
3,192 290 1,316 80,920 057 .06t
September.. . .. ...l 600 200 370 22,020 016 o1
October. ... .oiiiiiiaiiiil. 1,405 290 685 42,120 030 .03.
The period. .. coeeo o 2,280,000 | ..ot
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NORTH PLATTE RIVER AT NORTH PLATTE, NEBR.

This station was established October 5, 1894. It is located 3% miles above the junetion
of North and South Platte rivers, at a highway bridge about one-half mile north of the city
of North Platte, in sec. 28, T. 14 N., R. 30 W. Tt is the lowest station on the river.

The channel is nearly straight for about 500 feet both above and below the station. The
banks are low, but are rarely, if ever, overflowed. The bed is composed of shifting sand.
The river flows in two channels separated by a large island. The north channel is narrow
and except in moderately high water is dry. At low stages the water is confined to a few
channels along the right bank. The only obstructions in the channel are the pile bents and
inclined ice guards of the bridge. - The current is never sluggish, even at low stages. One
small tributary, Birdwood Creek, maintains a small flow of water at the gaging station dur-
ing months when the river itself would otherwise be entirely dry. During the winter
months the river often freezes almost solid, since it is very shallow.

Discharge measurements are made from the highway bridge, which consists of 93 spans
supported on pile bents 20 feet apart. The initial point for soundings is on the right bank.

The gage, which was read during 1905 by H. E. Dress, is a vertical staff spiked to the pil-

“ing of the Union Pacific Railroad bridge 2 miles below the wagon bridge. The bench mark
is the top of the east rail directly over the top of the gage rod; elevation, 12.00 feet. It is
customary to refer the elevation of the water surface at the gaging section during measure-
ments to the top of the upstream end of the cap of the second bent from the right-bank end
of the highway bridge.

Information in- regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull.=Bulletin; WS=Water-Sup-
ply Paper): ) :

Description: Ann 18, iv, pp 156-157; 19, iv, p 306; Bull 131, p 30; 140, pp 99-100; WS 15, p 86; 27, p 76;
37, pp 220-221; 49, p 277, 66, p 28; 84, p 62; 99, pp 157-158; 131, pp 44-45.

Discharge: Ann 13, iii, p 82; 18, iv, p 157: 20, iv, pp 301, 302; Bull 131, p 92; 140, p 100; WS 15, p 86; 27,
P 8b;-37, p 2215 49, p 277; 66, p 28; 84, p 62; 99, p 158; 131, p 45.

Discharge, monthly: Ann 18, iv, p 158; 19, iv, p 310; 20, iv, pp 263, 269; 21, iv, p 199; Bull 140, p 102; WS
84, p 64; 99, p 159; 131, p 47. -

Discharge, yearly: Ann 20, iv, p 54.

Gage heights: Bull 140, p 102; WS 11, p 52; 15, p 86; 27, p 81; 37, p 221; 49, p 278; 66, p 29; 84, p 63; 99,
pp 158, 161; 131, p 46. :

Hydrographs: Ann 19, iv, p 310; 21, iv, p 199.

Rainfall and run-off relation: Ann 20, iv, p 266.

Rating tables: Ann 18, iv, pp 157-158; Bull 140, p 101; WS 27, p 88; 39, p 447; 84, p 63; 99, p 159; 131,
D 46.

Discharge measurements of North Platte River at North Platte, Nebr., in 1905.

Date. Hydrographer. Width. ;g%?ogf. vg{loszairtly. llg&g%ei. eh]z,;%g-’e.
Ft. per

Feet. | Sq.ft. sec. Feet. Sec.-ft.
March 31...... G.W.Bates........................ 1,460 1,020 2.11 2.40 2,157
May16. ... ...(..... 0w e e 1,960 3,002 3.08 3.35 9,677
June12.....:...| H.C.Gardner....................... 1,950 5,213 3.37 3.95 17,570
June20. . .....|..... (T 1,970 4,875 3.28 3.75 16,010
July13...... ... 5 3,740 2,336 2.51 2.75 5,878
July 22.... ... QO e 1,760 1,500 2.34| 2.4 3,513
August 5......|..... [ Lo 1,12¢ 1,294 1.98 2.20 2,564
Septerber20..| F.S. Dobson........coooioiiiiiiiiiafonaaanns 426 1.65 1.80 703
October 24..... Dobsonand Bates.................. 1,020 563 1.87 1.98 1,056
September9...| H.C. Gardner...............o..ooofemnannnn 462 1.59 170§ 735
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Daily gage height, in feet, of North Plaite River at North Platte, Nebr., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct.
........ 2.58 3.18 3.65 3.4 2.52 1.6 1.48
........ 2.62 3.32 3.88 3.65 2.48 1.55 1.5
........ 2.65 3.45 3.88 3.68 2.45 1.5 1.55

........ 2.75 3.38 3.88 3.38 2.3 1.52 1.55
2.85 2.7 3.38 3.68 3.28 2.22 1.62 1.58

2.75 2.62 3.4 3.58 3.38 2.22 1.7 -1.65
2.62 2.48 3.45 3.5 3.18 2.18 1.72 1.65
2.5 2.38 3.48 3.48 3.1 2.15 1.7 1.65
2.4 2.25 3.5 3.52 3.0 2.18 1.7 1.6
2.45 2.28 3.4 3.72 2.9 2.1 1.72 1.65
2.5 2.38 3.48 3.88 2.82 2.05 1.7 1.72

2.4 2.35 3.5 4.02 2.8 2.0 1.65 1.72
2.4 2.42 3.5 3.95 2.75 2.2 -1.65 1.65
2.5 2.45 3.55 3.9 2.62 2.2 1.75 1.65
2.42 2.5 3.4 4.08 2.52 2.18 1.85 1.82
2.68 2.45 3.35 4.28 2.42 2.02 1.68 1.78
2.82 2.45 3.2 4.08 2.32 2.0 1.58 1.72
2.7 2.48 3.18 3.9 2.2 1.92 1.68 1.78
2.82 2.45 3.18 3.8 2.28 1.95 1.82 1.8

2.65 2.42 3.28 3.75 2.42 2.02 1.9 1.9
2.5 2.8 3.2 3.6 2.5 1.85 1.8 1.9
2.4 2.8 3.1 3.6 2.42 1.8 1.75 1.9
2.32 2.72 3.05 3.62 2.28 1.75 1.8 1.85

2.28 2.9 3.1 3.62 2.28 1.68 1.72 1.9
2.28 3.12 3.28 3.42 2.3 1.68°| 1.68 1.98
2.25 3.1 3.28 3.32 2.18 1.7 1.62 1.9
2.25 3.0 3.82 3.28 2.2 1.68 1.58 1.9
2.38 2.9 3.65 3.18 2.18 1.65 1.55 2.0
2.4 3.05 3.78 3.12 2.38 1.6 1.6 2.05
2.38 3.22 3.7 3.22 2.1 1.75 1.6 2.02
2.4 |ooo..... 3.65 ........ 2.18 172 ..., 2.0

Station rating table for North Platte River at North Platte, Nebr., from March 5 to June 15,

1905.
Gage : Gage s Gage Gage :
height. Discharge. height. Discharge. height. Discharge. height. Discharge.
Feet. Sec.~ft. Feet. Sec.t. Feet. Secft. Feet. Sec.-ft.
‘2. 30 1,630 2.80 4,620 3.30 9,080 3.80 15, 440
2.40 2,150 2.90 5,370 3.40 10, 200 3.90 16, 900
2.50 2,700 3.00 6,190 3.50 11, 400 4.00 18, 400
2.60 3,290 3.10 7,080 3.60 12,680 4.10 19,930
2.70 3,930 3.20 8,040 3.70 14,030
]

The above table is applicable only for open-channel conditions. It is based on three discharge
measurements made during 1905, and is poorly defined. Owing to the shifting character of the stream
bed, all estimates based on this and the following table are merely rough approximations.
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Station rating table for North Platte River at North Platte, Nebr., from June 16 to September

10, 1905.
h%?gfgt. Discharge. h(:iag % | Discharge. h%iﬁ&. Discharge. h%?gg)ft. Discharge.

Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec~ft. Feet. Sec.ft.
1.50 360 2.30 3,050 3.00 7,910 3.70 15, 430
1.60 530 2. 40 3,600 3.10 8,810 3.80 16,690
1.70 740 2.50 4,200 3.20 9,770 3.90 17,970
1.80 1,000 2.60 4, 850 3.30 10, 790 4.00 19,270
1.90 1,310 2.70 5,540 3.40 11,870 4.10 20, 590
2.00 1,670 2.80 6, 280 3.50 13,010 4,20 21,930
2.10 2,080 2.90 7,070 3.60 14,200 4.30 23,280
2.20 2,540

The above thble is applicable only for open-channel conditions. 1t is based on five discharge meas-
{lnrglgnerzts ntlh g during 1905. From September 11 to October 31 the discharge was obtained by the
rect method.

Estimated monthly discharge of North Platte River at North Platte, Nebr., for 1905.

[Drainage area, 28,520 square miles.]

Discharge in second-feet. ' Run-off.

Totalin |a. <o |
Month, Second-feet
Maximum.| Minimum. | Mean. | 2cTe-feet. | b0 oonare ]i):glfgsm
mile, .

4,005 1,390 2,727 146,000 0.096 | ' 0.006
8,248 1,390 3,743 222,700 .131 .146
15,730 6,635 10,270 631,500 . 360 .415
23,010 9,002 [ 14,700 874,700 .515 575
15,180 2,080 5,983 367,900 .210 .242
4,330 530 1,862 114,500 . 065 .075
1,000 260 585 34,810 021 .023
1,270 200 616 37,880 .022 025
.................................. 2,430,000 | .o

LARAMIE RIVER AT GLENDEVEY, COLO.

Laramie River rises on the east side of the Medicine Bow Range in Colorado, flows north-
westward into Wyoming, and thence narth and northeast until it joins the North Platte at
Fort Laramie, Wyo. The drainage basin, which is narrow and very mountainous in its
upper portion, broadens considerably in the middle and lower portions. The middle portion
comprises the Laramie plains and surrounding foothills. The plains are about 30 miles
wide and 80 miles long, extend north and south, and are hounded by the Laramie Hills on
the east and the foothills of the Medicine Bow Range on the west. After passing around the
Laramie Hills the river flows out on the Great Plains until it joins the North Platte. The
soil throughout the entire area is sandy and along the river bottoms is fertile. Above the
Laramie Plains the altitude is too great to permit the raising of crops other than hay and a
few of the hardier cereals. Numerous small ditches divert the water of the stream to the hay
lands along the first bottom and to a considerable extent to the higher lands on either side.
Cattle raising is the chief industry. In the lower portion of the valley irrigation is prac-
ticed to some extent, and large crops are produced each year. There are extensive forests of
pine and spruce on the headwaters of the stream, which lie in the Medicine Bow Forest
Reserve.

The largest tributary from the west is the Little Laramie, which rises near the center of the
Medicine Bow Range, flows eastward out on the Laramie Plains, and enters the main river
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10 miles north of the city of Laramie. Its drainage area is similar in every respect to that of
the upper and middle portions of the Laramie. The principal tributary of the Laramie on
the right bank is Chugwater Creek, which rises in the Laramie Hills and joins the river
about 18 miles above its mouth. The valley of Chugwater Creek is broad and fertile and the
entire stream is used for irrigation during the summer season.

MeclIntyre Creek, the largest tributary of the Laramie in Colorado, is described on page
215, in connection with the gaging station at Gleneyre, Colo.

The Glendevey gaging station was established June 24, 1904. It is located at the highway
bridge at Glendevey, Colo., on the State road between Walden and Fort Collins, in T. 9 N,
R.76 W.

The channel] is straight for about 100 feet above and 300 feet below the station. Both
banks are high and covered with a dense growth of willows and the stream does not over-
flow even at very high stages. The bed is composed of bowlders and coarse gravel and is
free from vegetation and permanent. There is but one channel at all stages, broken by
three piers. Gage heights have an ordinary range of about 2.5 feet. During the winter
months the channel is obstructed by ice and gage readings are impracticable. The current is
swift at high stages and medium at low stages. Discharge measurements are affected by
the bowlders on the bed of the stream and by the piers of the bridge.

Discharge measurements are made from the downstream side of the three-span bridge to
which the gage is attached. The initial point for soundings is a 30-penny nail driven into the
guard log directly above the east face of the wooden pier at the left end of the bridge.

The gage, which was read twice each day during 1905 by E. S. Graves, consists of a verti-
cal staff, graduated from 1 foot to 8 feet, attached to the northwest corner of the first pier
from the right bank. The 1-foot mark rests on the bed of the stream. The gage is referred
to bench marks as follows: (1) A cross cut in the top of a granite bowlder 18 inches in diame-
ter, 10 feet northwest of the initial point for soundings; elevation, 7.32 feet above the zero of
the gage. (2) A cross cut in the top of a granite bowlder 3 feet in diameter, 75 feet north-
west of the initial point for soundings; elevation, 16.84 feet above the zero of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 66-67.

Discharge measurements of Laramie River at Glendevey, Colo., in 1905.

Date. Hydrographer. Width. :::(r:‘i?o%f. v é\llscg;rtly. h(e}iag%?;. clglrsée.
Ft. per

Feet. 8q. ft. sec. Feet. Sec.ft.
May22........ 52 76 4.00 2.72 304
June 22.. 50 92 4.61 3.05 424
July 20... 45 52 2.42 2.30 126
August 5.. 35 41 1.80 2.10 74
August 20..... 34 33 1.36 1.99 45
September 20 .. 25 26 .96 1.91 25
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Daily gage height, in feet, of Laramie River at Glendevey, Colo., for 1905.

211

Day. ‘ Apr. % May
1.82 2.25
1.82 2.25
1.82 2.25
1.82 2.2
1.85 2.15
1.9 2.15
1.9 2.15
1.9 2,22
1.9 2.22
1.9 2.25
1.85 2.25
19 2.25
1.9 2.25
1.9 2.2
1.9 2.2
1.88 2.28
1.9 2.4
1.88 2.45
1.88 2.48
1.88 2.58
1 1.92 2.75
b~ N [P 1.02 2.9
2 1.92 3.1
. 1.92 3.28
1.95 3.35
1.95 3.1
2.05 3.05
2.15 3.1
2.15 3.05
2.15 3.0

.................................................... i 3.25

June | July | Aug. | Sept.
3.4 2.7 2.25| 1.95
3.45| 2.7 2.2 2.0
3.8 2.65| 23 19
4.1 2.45| 2.2 1.9
41 2.4 2.15( 1.9
3.9 2.3 2.1 1.9 |
38 | 23| 21 19 |
4.0 2.35| 2.1 L9
4.3 2.4 2.1 1.9
415 235 2.1 1.9
3.6 2.4 2.15( 1.9
3.6 2.45| 215! 1.9
3.55| 2.4 2.1 1.9
3.5 | 2.4 2.1 1.9
3.65 | 2.4 2.1 1.85
3.65( 2.3 2.05( 1.8
3.65| 2.35| 2.0 1.8
3.450 235, 2.0 1.9
3.2 2.35| 2.0 1.9
3.05| 2.3 2.0 1.85
3.05 2.3 195 18
3.05| 2.3 1.9 1.8
3.15| 2.2 1.9 1.8
3.1 2.2 1.9 1.8
3.1 2.25| 1.9 1.8
3.1 2.3 1.9 1.8
3.1 2.35| L9 18
3.0 2.4 195! 1.8
2.8 2.35| 195 LS8
2.75| 2.3 1.9 1.8

........ 2.3 1o |,

Oct.

1.8
1.8
1.8
18
1.8

-1.8

L8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.85
L9
1.9
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
18

Station rating table for Laramie River at Glendevey, Colo., from June 24, 1904, to October 31,

Gage

Feet.
1.80
1.90
2.00
2.10
2.20
2.30
2. 40

height.

1905
Discharge. hGage Discharge. ’ Gage Discha,rge.5 Gage Discharge.
eight. ‘ height. I height

Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
7 2.50 205 3.20 495 3.90 830
25 2.60 245 3.30 540 4,00 880
50 2.70 285 3.40 585 4.10 930
75 2.80 325 3.50 630 4,20 985
105 2,90 365 3.60 680 4.30 1,040

135 3.00 405 3.70 730

170 3.10 450 3.80 780

The above table is applicable only for open-channel conditions.

It is based on ten discharge meas-

urements made during 1904-5, and is well defined between gage heights 2 feet and 3 feet. The table has
been extended beyond thess \imits.
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Estimated monthly discharge of Laramie River at Glendevey, Colo., for 1904-5.

Month. Discharge in second-feet. Total in
Maximum.| Minimum. | Mean. | 2cre-feet.
1904.
T . 405 265 299 4,151
B P 405 90 165 10,140
AUGUSL . o iieiiiaiaeaas .. 90 50 63.4 3,808
September. .. .. ... 50 25 31.7 1,886
L0702 o o7 50 7 26.6 1,636
The period. ... i i eceeeeceee e e 21,710
1905.
P ¥ 1) ¢1 R, Y 90 11 313 1,862
MAY e 562 90 263 16,170
TUDC. oo e e e 1 1,040 305 627 37,310
TULF e e T \ 285 |. 105 162 9,061
AUBUSD .« o oottt e et e et 120 25 60.7 3,732
September. ... ... 50 7 18.5 1,101
OCtODeT . « . e . 25 7 8.5 523
BN ETCTS o723 o (T U U SO A 70,660

LARAMIE RIVER NEAR JELM, WYO.

This station was established June 22, 1904. It is located at a wagon bridge at H. T. Deck-
er’s ranch, one-half mile south of the Colorado-Wyoming State line, near Jelm, Wyo., in sec.
22, T.12N., R. 77 W, below all tributaries in Colorado.

The channel is straight for about 50 feet above and 300 feet below the station.
Both banks are high and covered with willows and are not liable to overflow. The bed of
the stream is composed of gravel and bowlders and is firm. There is but one channel at all
stages, broken by the three piers of the bridge. The water is swift at high stages and medium
at low stages. Discharge measurements are affected by large bowlders in the channel and
also by the piers of the bridge. Gage heights have an ordinary range of about 4 feet. Dur-
ing the winter months the chaunnel is obstructed by ice and gage readings are impracticable.

Discharge measurements are made from the downstream side of the four-span bridge to
which the gage is attached. The initial point for soundings is a 30-periny nail driven into
the left end of the downstream guard rail.

The gage, which was read during 1905 by Mr. Decker, consists of a staff fastened in a ver-
tical position to the northwest corner of the center pier of the bridge. The bench mark is a
30-penny nail driven into the lower log at the southwest corner of Mr. Decker’s house; ele-
vation, 12.35 feet above the zero of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 67-68.
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Discharge measurements of Laramie River near Jelm, Wyo., in 1905.
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Date. Hydrographer. Width,| sAeg%?ogf. veﬁloe(fi'tly. hgig E;‘,. clg.;ze.
Ft. per

Feet, Sq. ft. sec. Feet. Sec.ft.
....... 57 123 4.47 3.80 550
........ 59 148 4.93 4.20 730
57 75 2.27 2.55 |, 170
43 63 1.86 2,40 117
August 21..... 39 47 1.51 2.31 71
September 21 a. 36 45 .93 1.98 42

a Made by wading.
Daily gage height, in feet, of Laramie River near Jelm, Wyo., for 1905.

Day. Apr. | May. { June. | July. | Aug. | Sept. | Oct.
1.8 2.45 5.25 3.55 2.6 2.0 19
1.8 2.55 5.4 3.55 2.6 2.0 1.9
1.8 2.5 5.6 3.55 2.6 2.0 1.9
1.8 2.4 5.9 3.35 2.5 2.0 1.8
1.9 2.4 6.15 3.1 2.5 2.0 1.8
1.9 2.4 5.8 2.9 . 2.5 2.1 1.8
2.0 2.4 5.8 2.8 2.5 2.1 1.8
2.0 | 25 5.95| 2.8 2.5 21 18
2.1 2,65 6.2 2.9 2.5 2.0 1.9
2.0 2.6 6.0 2.8 2.5 2.0 1.9
2.0 2.5 5.3 2.7 2.5 2.0 1.9
2.0 2.5 5.3 2.7 2.5 2.0 1.9
2.0 2.5 5.4 2.75 2.4 2.0 1.9
2.0 2.5 5.25 2.7 2.4 2.0 1.9
2.0 2.5 5.25 2.7 2.3 1.9 1.9
2.0 2.5 5.15 2.65 2.3 1.9 1.9
2.0 2.8 5.15 2.6 2.2 1.9 1.9
2.0 3.2 4.8 2.6 2.2 1.9 1.8
2.0 3.45 4.4 2.6 2.2 1.9 1.8
2.05 3.8 4.35 2.7 2.2 1.9 1.8
2.0 4.0 4.25 2.7 2.2 1.9 1.8
2.1 4.5 4.25 2.6 2.1 1.8 1.8
2.0 4.85 4.2 2.5 2.1 1.8 1.8
2.0 4.95 4.2 2.45 2.1 1.8 1.9
2.05 4.75 4.05 2.45 2.1 1.9 1.9
2.1 4.7 3.95 2.5 2.1 1.9 1.9
2.25 4.7 3.9 2.55 2.1 1.9 1.9
2.35 4.7 3.9 2.6 2.1 2.0 1.8
2.35 4.5 3.7 2.6 2.1 2.0 1.8
2.4 4.5 3.5 2.6 2.1 1.9 1.8
........ 48 (... 26 | =20[.....| 18
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Station rating table for Laramie River near Jelm, Wyo., from April 1 to October 31, 1905.

h(i?gglft. Discharge. Ig?'g ot | Discharge. h%?g%]et. ! Discharge. hcé?gglft. Discharge.
Feet. Second-ft. Feet. Second-ft. Feet. Second-ft. Feet. Second-ft.
1.80 22 2.80 210 3.80 555 ‘ 4.80 1,045
1.90 33 2.90 240 3.90 600 l 4.90 1,100
2.00 45 3.00 270 4.00 645 ||  5.00 1,155
2.10 58 3.10 300 4.10 690 5.20 1,270
2.20 73 3.20 330 4.20 735 5.40 1,390
2.30 91 3.30 365 4.30 785 5.60 1,515
2.40 112 3.40 400 4. 40 835 5.80 1,645
2.50 185 3.50 435 4.50 885 6.00 1, 780
2.60 185 3.60 475 4.60 935 6.20 1,920
2.70 160 3.70 515 4. 70 990

The above table is applicable only for open-channel conditions. It is based on six discharge meas-
urements made during 1905 and two during 1904, and is not well defined.

Estimated monthly discharge of Laramie River near Jelm, Wyo., for 1905.

Discharge in second-feet. .

Month. Total in

Maximum. | Minimum. | Mean. acre-feet.
7.8 £ 1 - 112 22 50.1 2,981
May.. ... e 1,128 112 458 28,160
JUDe . 1,920 435 1,160 69,020
TULY e 455 124 212 13,040
August. ... ... 160 45 97.8 6,014
September. . 58 22 39.6 2,356
October. .. 33 22 27.7 1,703
The period. ... oo ceiiecceeeea]eeemcceeee e 123,300

M’INTYRE CREEK AT GLENEYRE, COLO.

Melntyre Creek rises in the Medicine Bow Mountains, flows northeastward, and unites
with Laramie River at Gleneyre, Colo., about 12 miles south of the Colorado-Wyoming
State line. The entire basin is mountainous, and the greater portion of it is covered by
heavy forests of pine and spruce and dense growths of quaking aspen and underbrush. No
irrigation is carried on except near the mouth, where water is diverted to the bottom land
along the stream. A project is being considered to divert water from the head of the stream
by means of a canal, inverted siphon, and tunnel, to the headwaters of Cache la Poudre
River.

The gaging station was established June 23, 1904. It is located at the wagon bridge on
Joseph Smith’s ranch at Gleneyre, Colo., in sec. 20, T. 11 N., R. 76 W.

The channel is straight for about 200 feet above and 30 feet below the station. The
right bank is low, is partly covered by willows, and at high water overflows for a distance of
40 feet from the main channel. The left bank is high and covered with willows. The bed of
the stream is covered with gravel and small bowlders, and is firm. There is but one channel
at all stages. The velocity is swift at high water and medium at low water. The current at
the upper side of the bridge is somewhat obstructed by bowlders in the bed of the stream.
Gage heights have an ordinary range of 3 feet. During the winter months ice forms in the
channel to such an extent as to make gage readings impracticable.

At all normal stages disck arge measurements are made by wading at convenient points
below the bridge. High-water measurements are made from the upstream side of the two-
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span bridge to which the gage is attached. The initial point for soundings is a nail driven
into the guard rail of the upstream side of the bridge directly above the gage rod.

The gage was read twice daily during 1905 by Elbert E. Smith, who lives about three-
fourths of a mile south of the station. It consisted originally of a stafl attached vertically
to a post driven into the bed of the stream and fastened at the top to thé end of the bridge.
This gage was washed out June 11, 1905, and was replaced by a sloping gage, which was
located 2 feet above the original one. The rod is set sloping in the bank and fastened to
three posts set firmly in the ground. It reads from 0.5 foot to 5 feet. The datum of the
new gage is the same as that of the old one. The bench mark is the top of an iron rod,
three-fourths of an inch in diameter and 2% feet long, with an L-shaped bend at the
lower end, resting on a granite bowlder, 14 inches in diameter, which is set 2 feet under
ground, 30 feet northeast of the gage; elevation, 5.31 feet above the zero of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 69-70.

Discharge measurements of M cIntyre Creek at Gleneyre., Colo., in 1905.

Date. Hydrographer. Width G088 00 | aloaty. | height. | charge.
> Ft. per

Sq. ft. sec. Feet. Sec.-ft.

May22........ 52 3.71 3.20 193

June 22........ 59 2.59 2.85 153

July19...._._. 20 1.65 1.90 33

August 6...... 14 1.50 1.75 21

August 20. _... 15 .80 1.63 12
September 21... 13 . 60 1.55 7.8

NoTtE.—Measurements made at different sections.

Daily gage height, in feet, of M cIntyre Creek at Gleneyre, Colo., for 1905.

Day. Apr. | May.| June. July.’ Aug. Sept.. Day. Apr. |May. |June./ July.| Aug.  Sept.
. |

1.88 1 3.75; 1.82 ) 1.62 |......
1.88 [ 3.55 | 1.82 [ 1.62 |......
1.883.35 | 1.8 | 1.621......
1.8573.25 | 2.0 | 1.62 |._.._.
3.1 132 1192162 ......
3.1 |2.75(1.92 | 1.62|...._.
3.2 1292)1.92]1.6210......
3.2 | 2.8119 |162|......
3.2 128 |L92|1.62......
3.2 12.8211.92|1.62......
3.2 |28 ;192|162 .....
3.5 |2.75)1.8 ) 1.64 |......
3.62 (275 1.8811.62 ...
3.9512.75 | 1.88 | 1.58 |......
4.05)...... 1.88 ) 1.58 I......

1,521 1.75 | 415 | 2,75 | 1.82
1.52 1 1.8 | 4.15] 2.55 | 1.82
1.52 | 1.8 (43525 | L78
L5518 1435248 /1.78
155118 |43 |2.25]1.78
155 1.8 141 ]235) 1.75
1.5 | 1.8 {3.95(235|1.72
1.55 | 1.8 [3.95(2.08 | 1.72
1.556 | 1.8 1 3.95|2.02 | 1.72
1.55|1.8 [ 405|202 172
1.62 (1.8 | 4.05)1.98 | 1.72
1.68 | 1.85 | 4.75| 1.98 | 1.72
- 1.68 | 1.82 | 4.55 ) 1.98 | 1.72
4oL 1.58 (1.88 1 4.35 | 1.98 | 1.72
T T 1.58 1 1.88 { 4151 1.98 | 1.72
6. es 1.58 | 1.88 | 3.95 }.98 L72 |......

NoTE.—Gage heights estimated June 11-19.
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Station rating table for McIntyre Creck at Gleneyre, Colo., from April 1 to September 3, 1905.

h(jia et. Discharge. h(g%%et. Discharge. hSiZ%i. Discharge. h?ig 9&. Discharge.

Feel. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft.
1.50 5 2.40 92 3.30 212 4.20 340
1.60 1 2.50 105 3.40 226 4.30 355
1.70 18 2.60 118 3.50 240 4.40 370
1.80 26 2.70 131 3.60 254 4.50 385
1.90 35 2.80 144 3.70 268 4.60 400
2.00 45 2.90 157 3.80 282 +.70 415
2.10 56 3.00 170 3.90 296 4.80 430
2.20 68 3.10 184 4.00 310
2.30 80 3.20 198 4.10 325

The above table is applicable only for open-channel conditions. It is based on twelve discharge
measurements made durlng 1904-5, and is well defined between gage heights 1.6 feet and 3.2 feet.

Estimated monthly discharge of Mclntyre Creek at Gleneyre, Colo., for 1905.

Month .| - Discharge in second-feet. Total in
- . acre-feet.

Maximum.| Minimum.| Mean.
ADEIL ¢ e 14 6 10.1 601
I 318 22 98.2 6,038
JUD. . o s 422 138 263 15,650
JULY o i 138 26 52.5 3,228
AUZUSE -« oot 28 10 17.0 1,045
Theperiod...........‘_..............' ................................................ 26, 560

SOUTH PLATTE RIVER.
DESCRIPTION OF BASIN.
L

The headwaters of the South Platte have their sources in the mountainous region sur-
rounding the large basin near the center of the State of Colorado known as South Park and
in the long eastern slopes of the high mountains forming the Continental Divide. The
general course of the stream is eastward to Lake George, thence through Platte Canyon
northward to the junction with Cache la Poudre River near Greeley, and thence eastward
until it joins the North Platte at the town of North Platte, Nebr.

The drainage basin, which is about 20,000 square miles in extent above Julesburg, Colo.,
is bisected in an irregular way by the channel of the South Platte. To the north and west
lies the mountainous portion, which consists of a long, narrow strip lying in a north-south
direction along the foothills from a point a short distance within Wyoming to Palmer Lake,
Colo. This area produces at least 90 per cent of the total run-off of the basin. South and
east of the river the basin lies entirely within the plains region.

The mountainous region consists of peaks and jagged masses of granite, with sedimentary
rocks cut and gashed by stream channels along the foothills. The stream gradients are
steep, and many of the streams consist of series of cascades and rapids. The soil cover as
a whole is light, and except during spring freshets or heavy storms the streams are remark-
ably free from sediments in suspension. The forest cover of the mountains, consisting
originally of coniferous trees, is rapidly disappearing, but through the occurrence of fires a
foothold has been furnished for the deciduous aspen, which is gradually increasing its
dominion. The South Platte, Plum Creek, and Medicine Bow forest reserves are in part
comprised within this area.

The lower basin, somewhat broken and scarred along the foothills, gradually merges far-
ther east into the undulating prairies so characteristic of the Great Plains east of the Rocky
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Mountains. The soils of the plains are the product of the disintegration of shales and sand-
stones of the Laramie formation and range from adobe clays to sandy loams. The con-
trolling vegetation is largely native grasses, the only timber being & few bunches of scraggly
cottonwoods along the stream channels and small patches of pine, cedar, and pifior along
the higher portions.

Precipitation varies from 25 inches along the Continental Divide, where the greater part
of it is snowfall, to 14 to 17 inches among the foothills. Evaporation records are meager.

In the mountainous region the flow of the South Platte and its tributaries is perennial;
but in the plains area the volume is greatly diminished, owing to the fact that the normal
waters are completely diverted for irrigation, the acreage capacity of the canals far exceed-
ing the capacity of the river. At North Platte, Nebr., just above the mouth of the river,
the stream channel is dry for the greater part of the year or consists of several small chan-
nels carrying a few second-feet of water.

The tributaries of the South Platte comprise, first, the small streams that rise on the
eastern slopes of the Rocky Mountains, and, second, the plains streams. The mountain
streams furnish a perennial supply of water, the amount of which, however, varies with the
snowfall, being light during the latter part of the summer and in the fall and winter, and
large during the spring floods. This water is almost entirely diverted for irrigation and
does not reach the South Platte except in times of heavy floods. The principal streams of
this class are Bear, Clear, Boulder, and St. Vrain creeks and Big Thompson and Cache la
Poudre rivers. The plains streams are all intermittent in their naturé and furnish water
only during storms or in the season of melting snow. The chief streams of this class are
Cherry, Lone Tree, Kiowa, Boxelder, Bijou, Beaver, and Pawnee creeks.

The South Platte is subject to periodic floods, which occur in May and June, the magni-
tude varying from year to year with seasonal precipitation and temperature. At Julesburg,
on the eastern margin of the basin in Colorado, the stream may vary from no flow up to
12,000 second-feet.

Information in regard to this basin is contained in the following publications of the
United Sictes Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-
Supply Paper):

Deseription: Ann 18, iv, p 159; 19, iv, p 311; 20, iv, pp 277-279; 21, iv, p 200; Bull 140, pp 102-103.

Drainage areas: Bull 140, p 103.

Irrigation surveys: Ann 13, iii, pp 82-91.

Rainfall and river stations, map: WS 75, p 131.

Rainfall data: WS 75, pp 131-135, 137. See also WS 74.
‘Water-storage possibilities: Ann 22, iv, pp 314-317.

SOUTH PLATTE RIVER AT SOUTH PLATTE, COLO.

This station was established March 28, 1902, at the wagon bridge crossing the South
Platte about 150 feet below the junction of North and South forks at the town of South
Platte, a station on the Colorado and Southern Railway about 9 miles above the mouth of
the canyon. May 7, 1905, the old station was abandoned and a new station established at
a point 150 feet below the county bridge. The station is very near the Colorado and South-
ern Railway station and is easily accessible from Denver.

This station is of special importance, its location being above the diverting gates of all
irrigating ditches and also above the intake of the Denver Union Water Company, which
derives the greater part of its supply from the South Platte, a few miles below. The loca-~
tion of the Cheesman storage reservoir on the South Fork 20 miles above this station and
the contemplated installation of large power plants on the two forks at points above also
add to the importance of the station as a base from which to secure data. Bridges across
each fork above the main station allow of measurements being made on these strears,
thereby checking all gagings on the main stream.

At the wagon bridge the channel is straight for 250 feet above and 400 feet below. The
right bank is the side of the mountain. At ordinary stages the left bank is part of the old
river bed, about 100 feet wide. At extremely high water the Colorade and Southern road-
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bed forms the left bank. The stream is divided into two channels by the central pier of
the bridge, the right channel being the deeper and carrying most of the water. The current
is rough and rapid beneath the bridge, but becomes more even below. An old abutment
foundation directly under the left end of the bridge interferes with the current at high
stages. h .

At the station established May 7, 1905, the channel is straight for about 150 feet above
and 75 feet below the cable section and is fairly uniform in width. The right bank is com~
posed of granite bowlders and stands about 12 feet above low water. The left bank is the
Colorado and Southern Railway embankment and is lined with a light growth of willows.
Each bank has a slope of about 45°, and neither overflows. The bed of the stream is com-
posed primarily of granite bowlders, the interstices being filled in with cobblestones and
gravel. Upon this bed a loose deposit of disintegrated granite_shifts constantly. During
high water this deposit is entirely scoured out, but is immediately replaced with decreased
flow. There is but one channel at all stages. The current is swift at high water and mod-
erate at Jow. During extreme cold weather the channel is entirely covered with ice, but
owing to the high gradient and the shifting bed accurate gage heights can not be obtained.

At the original station high-water measurements were made from the lower side of the
two-span highway bridge to which the gage was attached, the initial point for soundings
being the river face on the right abutment. At a gage height of 2.3 feet or less measure-
ments were made by wading about 250 feet below the bridge.

Discharge measurements at the new station are made by means of a car, cable, and
tagged and stay lines. The initial point for soundings is the zero on the tagged wire, about
halfway between low water and the top of the right bank. At low water discharge meas-
urements may be made by wading.

The original gage consisted of a vertical timber, reading from zero to 7 feet, fastened to the
upper side of the center pier of the highway bridge. This gage was referred to a regulation
metal bench-mark tablet in the cliff about 75 feet from the south end of the bridge; eleva-
tion, 18.43 feet above zero of gage.

The gage established May 7, 1905, was read twice daily, morning and evening, by Miss
E. H. Jardine. It consists of an inclin€d staff, graduated from 1 foot to 9 feet, and is bolted
to a bowlder on the right bank 100 feet above the cable. The bench mark is a standard
United States Geological Survey tablet cemented into the top of a granite shelf near the
south end of the cable and just above the gage rod; elevation, 17.63 feet above the zero of
the gage.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey.

Deseription: 84, pp 89-90; 99, pp 203-204; 131, pp 70-71.

Discharge: 84, p 90; 99, pp 204, 207; 131, p 72.

Discharge, monthly: 84, p 92; 99, p 206; 131, p 73.

Gage heights: 84, p 91; 99, pp 204-205; 131, p 72.

Rating tables: 84, p 91; 99, pp 205-206; 131, p 73.
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Discharge measurements of South Platte River at South Platte, Colo., in 1905.

Date. Hydrographer. Width,| GO0 | vetodtty. | heght. | charge.
Ft. per
. Sq. ft. sec. _ Feet. Sec.-ft.
April6a.......| R. L MeeKer...cvererinemennneencnneaforianaasocnnenncai]ocaaions 1.42 203
May 12........ 2711 4.42 3.75 1,197
May 24........ 342 4.92 4.35 1,683
May 30........ 296 4.22 4.02 1,249
June9......... 360 5.39 4.90 1,940
June 20..._.... 220 3.77 3.20 830
June 27........ 176 2.90 2.50 ~ 510
July 17........ 119 2.25 1.90 258
July 24........ 123 2.13 1.90 262
July 30........ 139 2.48 2.20 345
September 5... 103 2.78 2,18 286
September 5... 121 3.02 2.40 365
September 6. . . 132 2.82 2.38 373
September 7... 119 2.87 2.32 342
September 12... 100 2.69 2.10 269
September 13... 98 2.74 2.10 269
October 20..... 73 2.16 1.67 158
aThis is the sum of the measurements on two forks. The gage height is doubtful. The old gage
recorded 1.62 feet.
Daily gage height, in feet, of South Platte River at South Platte, Colo., for 1905.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
4.35 4.3 2.4 2.3 2.2 1.7 1.7-
4.35 4.15 2.35 2.5 2.2 1.7 1.78
4.1 4.35 2.35 2.38 2.2 1.7 1.78

4.0 4.5 2.2 2.32 2.2 1.7 1.8

3.95 4.75 2.1 2.25 2.3 1.7 1.8
3.75 4.55 2.1 2.3 2.4 1.7 1.78

3.65 4.75 2.1 2.3 2,32 1.7 1.9

3.5 5.05 2.15 2.2 2.3 L7 1.8

3.45 4.95 2.2 2.2 2.3 1.6 1.8
3.7 4.9 2.2 2.1 2.25 1.6 1.75

3.7 4.85 2.1 2.1 2.2 1.7 1.7
3.7 4.5 2.1 2.3 2,12 | © L7 1.75
3.8 4.6 t2.1 2.38 2.1 1.7 1.75
3.75 4.5 2.1 2.35 2.1 1.7 1.82

3.65 4.2 21 2.25 2.02 1.72 1.8

3.7 3.95 2.05 2.15 2.0 1.75 1.8

3.8 3.8 1.92 2.08 2.0 1.82 1.8

3.85 3.6 1.8 1.95 2.0 1.8 1.8

3.9 3.38 1.8 1.9 2.0 1.8 1.6

4.1 3.2 1.9 1.9 20 | -L7 | 16
4.1 305 2.0 1.8 2.0 1.7 1.75
4.05 2.95 2.0 1.8 1.9 1.78 1.65
4.2 2.9 2.0 1.8 1.9 L8 1.65

4.35 2.85 2.3 1.95 1.8 175 1.6

4.4 2.7 2.15 2.0 1.7 1.7 1.6

4.4 2.6 2.0 2.0 1.7 1.7 1.6

4.45 2.55 2.1 2.1 1.7 1.7 1.6

4.3 2.4 215 2.1 L7 L7 1.6

. 4.0 2.4 2.2 2.1 1.7 1.8 |..eeane.
0. e 4.05 3.95 2.4 2.2 2.3 1.7 L8 [eeaoa..
2 P PN 4.0 |........ 2.2 2.2 |ooan.os 175 |eennnnns

IRR 172—06—15



220 STREAM MEASUREMENTS IN 1905, PART VIIL

Station rating table for South Platte River at South Platte, Colo., from April 6 to July 31,
: 1905.

-

h%i’;‘%i. Discharge. hg'iz%xi. Discharge. hﬁiﬁfﬂ Discharge. h%f’é%%n. Discharge.
Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. -
1.60 185 2.50 495 3.40 950 4.30 1,550
1.70 210 2.60 540 3.50 1,010 4.40 1,625
1.80 240 2.70 585 3.60 1,075 4.50 1,700
1.90 270 2.80 630 3.70 1,140 4.60 1,775
2.00 305 2.90 680 3.80 1,205 4.70 1,850
2.10 340 3.00 730 3.9 1,270 4.80 1,930
2.20 375 3.10 780 4.00 1,340 4.90 2,010
2.30 415 3.20 - 835 4.10 1,410 5.00 2,000
2.40 455 3.30 830 4.20 1,480 5.10 2,170

The above table is applicable only for open-channel conditions. It is based on eight discharge meas-
urements made during the first part of 1905, and is fairly well defined between gage heights 1.9 feet
and 5 feet. Owing to shifting conditions between July 24 and September & the rating tables have been
applied indirectly.

Station rating table for South Platte River at South Platte, Colo., from August 1 to November

28, 1905.
2 T
Gage : Gage : Gage : Gage :
height. Discharge. height. plscharge. height. Discharge. height. Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
1.60 142 1.90 210 2.20 300 2.50 420
1.70 162 2.00 237 2.30 335 2.60 465
1.80 185 2.10 267 2.40 375

The above table is applicable only for open-channel conditions. 1t is based on six discharge meas-
}netments made during the latter part of 1905, and is well defined between gage heights 1.7 feet and 2.4
eet.
Estimated monthly discharge of South Platte River at South Platte, Colo., for 1905.

[Drainage area, 2,612 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. ! Second-feet i
Maximum.| Minimmum. | Mean. acre-feet. per square _Di;gﬁle';n

mile. .
April6-31.... ... ... ...l 1,375 198 563 27,920 0.216 0.201
May.. oo 1,662 980 1,321 81,220 . 506 .583
June. ..o 2,130 455 1,259 74,920 482 .538
JULY e 455 240 340 20, 900 .130 . 150
August..... 465 190 306 18, 820 117 .135
September 375 162 253 15,060 .097 .108
October_ .. ..ooaaeioiii 190 142 167 10,270 .064 .074
November 1-28. .. .ccoooeern .. 210 142 169 9,386 .065 .068
The period. ... ovoeeeee|oeaeaaeeeo ol 258,500 |- oo

]

SOUTH FORK OF SOUTH PLATTE RIVER AT SOUTH PLATTE, COLO.

This station was established May 8, 1905, for the purpose of collecting data in regard to
the run-off of the South Fork drainage basin and also to furnish information concerning
power and irrigation possibilities on the stream. It is located about 500 feet above the
junction of North and South forks of South Platte River, in T. 7 S., R. 20 W., and is about
700 feot above the wagon bridge at which the old station on the South Platte was located,
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The channel is straight for about 300 feet above and 150 feet below the station.’ The right
bank is of loam and gravel and slopes up to a narrow strip of bottom land which is covered
with cottonwood trees. The left bank is more abrupt and about 7 feet high; it is com-
posed of gravel, but has a scant growth of vegetation. Both banks overflow at extreme high
water. The bed of the stream is primarily of cobblestones, which are covered by a shifting
deposit of disintegrated granite along the right bank. This deposit is comparatively uni-
form and even throughout. There is but one channel at all stages. The current is swift
at high water and moderate at low water. Gage heights range from 1 foot to 6 feet.

Discharge measurements are made by means of a cable, car, and stay and tagged lines.
The initial point for soundings is the zero of the tagged wire, which is located above ordi-
nary high-water line on the right bank. Measurements at low water may be made by
wading at the cable station. ’

The gage, which was read twice daily during 1905 by Miss E. H. Jardine, consists of an
inclined timber firmly bolted in place to a cottonwood tree on the left bank. It is graduated
from zero to 8.6 feet. The bench mark is a spike driven horizontally 1 foot above the ground
into the east side of a 6-inch cottonwood tree to which the cable is fastened on the left bank;
elevation above the zero of the gage, 8.19 feet.

Discharge measurements of South Fork of South Platte River at South Platte, Colo., in 1905.

Date. Hydrographer. Width. ﬁe?é?ogt. vgi[:(ﬁ?y. hgi% ('i. clg‘:g-e.
Ft. per
Feet. Sq. ft. sec. Feet. Sec. ft.

April6........ R.I. Meeker. ....ccooovomimenen... 42 52 23.3 " 1.60 121
May 12 .-..| M. C. Hinderlider................... 59 17 4.87 3.48 835
May 23 ool MoP.Beeson..o.oovuiiiiiiiiiiaaa... 62 175 46.7 3.50 818
May 24........|..... T S SR 63 183 4.60 |  3.65 843
May 30........]| Hoyt and Hinderlider............... 60 156 4.26 3.20 665
June9......... M. P. Beeson 63 214 4.11 4.30 879
June 20........|..... Lo [ A 59 111 3.48 2.50 387
June 27...... ... ... do.......... 56 80 2.36 1.90 189
July 17.. JRS IR do.......... 56 58 1.60 1.50 93
July 24 .. __.|..... do.......... 56 65 1.51 1.50 98
July 30. ... ]----. do.......... 55 63 2.4 1.80 154
September 6.._|..... do.......... 58 72 2.90 2.20 209

Do........ R. I. Meeker...... 58 73 3.12 2.20 228
September 7._..| M. P. Beeson... 58 79 2.85 2.17 225

Do........ R. I. Meeker 58 75 3.03 2.16 227
September 12..|._._. [ L 56 66 2.83 2.00 187
September 13... 56 65 2.77 197 | 180
September 14... 55 62 2.68 1.90 166
October19..__. 54 51 2.18 1. 60 111
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Daily gage height, in feet, of South Fork of South Platte River at South Platte, Colo., for 1905.

Day. May. | June. | July. | Aug. | Sept. | Oct. | Nov.
3.3 1.7 2.0 2.1 1.4 1.5
3.3 1.65 2.2 2.2 1.4 1.6
3.3 1.65 2.2 2.2 1.4 1.6
3.65 1.55 2.18 2.2 1.4 1.6
4.0 1.5 2.1 2.1 1.4 1.6
4.0 1.5 2.1 2.3 1.4 1.6
3.95 1.5 2.0 2.2 1.4 1.6
4.0 1.55 2.0 2.2 1.4 1.6
4.3 1.6 2.0 2.2 1.4 1.6
4.35 1.6 1.95 2.15 1.45 1.6
4.18 1.6 1.9 2.1 1.4 1.6
3.8 1.6 2.05 2.0 1.4 1.6
3.3 1.6 2.2 2.0 1.4 1.6
32 | 16| 22| 19 | 145 L6
3.1 1.6 2.08 1.9 1.52 1.6
2.95 1.45 2.0 1.9 1.55 16
2.82 1.38 2.0 1.8 1.6 1.6
2.7 1.35 1.8 1.8 1.6 1.6
2.65 1.35 1.8 1.8 1.6 1.5
2.6 1.42 1.7 1.8 1.6 1.5
2.4 1.5 1.6 1.8 1.6 1.5
2.3 1.48 1.6 1.8 1.6 1.5
2.3 1.5 1.6 1.7 1.55 LS
2.25 1.8 1.65 1.62 L5 1.5
2.0 1.75 1.65 1.5 1.5 1.5
2.0 ;.6 1.7 1.5 1.5 1.5
1.9 1.75 1.8 1.5 1.5 1.5
1.7 1.85 18 1.5 L5 1.5
1.7 1.9 1.8 1.5 1.6 |........
1.7 1.9 2.0 1.5 L6 |........

3 R 315 ...l 1.9 2.05 [........ 1.55 |........

Station rating table for South Ft;rk of South Platte River at South Platte, Colo., from May 8 to
) November 28, 1905. .

hgiaé%i. Discharge. hgig ‘;‘ Discharge. hglg et‘ Discharge. hgig ‘;_ Discharge.
Feet. Sec. ft. Feet. Sec. ft. Feet. Sec. ft. Feet. Sec. ft.
1.30 70 2.10 E 215 2.90 505 3.70 980
1.40 80 2.20 240 3.00 560 3.80 1,045
1.50 95 2.30 270 3.10 615 3.90 1,110 .
1.60 110 2.40 300 3.20 670 4.00 1,175
1.70 125 2.50 - 335 3.30 b : 730 4.10 1,240
1.80 145 2.60 370 3.40 790 4.20 1,310
1.90 165 2.70 410 3.50 850 4.30 1,380 | °
2.00 120 2.80 455 3.60 915 4.40 1,450

The above table is ap&)licable onlg for open-channel conditions. It is based on fifteen discharge
measurements made during 1905, and is fairly well defined between gage heights 1.5 feet and 3.5 feet.
The table has been extended beyond these limits.
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Estimated monthly discharge of South Fork of South Platte River at South Plaite, Colo., for 1905.

Discharge in second-feet. Total in
Month.
: Maximum.| Minimum. | Mean, | 8cTe-feet.
948 370 798 37,990
1,415 125 638 37,960
165 75 112 6,887
240 110 176 10,820
270 95 171 10, 180
110 80 93. 4 5,743
110 95 104 5,776
.................................. 115, 400

SOUTH PLATTE RIVER AT DENVER, COLO.

In the spring of 1895 a river station was established at ‘the Twenty-third Street Viaduct

in the city of Denver, but observations were discontinued June 18 of the same year, as the
location was found to be unfavorable for accurate measurements and the water had fallen
below the gage. In July, 1895, a station was established at the Fifteenth Street Bridge.
The present station is located at a point immediately below the mouth of Cherry Creek,
which-enters between the Fourteenth and Fifteenth street bridges. .

" The station is important principally from the fact that it is used as a training station for
the instruction of young hydrographers in the field use of current meters.

The channel is straight at low water for 100 feet above and 500 feet below the gage rod
and at high water for several blocks each way from the Fifteenth Street Bridge. The aver-
age section of the bridge is 200 feet in width, confined by slag levees which overflow only in
extreme floods. There is but one channel at all stages. The current is sluggish at low
water and swift at high water. Gage heights range from 0.5 foot to 6 feet.

Discharge measurements are made at low water by wading at a point above or below the
gage; high-water measurements are made from the 200-foot single-span steel bridge at Fif-
teenth street, the initial point for sounding being the edge of the right abutment of the
bridge.

During 1905 the gage was read twice each day by Clarence Crisman. The original gage
consisted of inclined timbers fastened to posts driven into the bank. In August, 1898,
another inclined gage rod, reading the same as the one on the right bank, was placed on the
left side. This gage rod was washed out by the high water of June, 1900, which also removed
the sa.nd bar in front of the rod on the right hand side, making it available at low-water
stages, and since that time readings have been taken from the latter rod or from rods which
replaced it and were located at the same point. May 15, 1901, & T rail was placed on the

"site of the right-bank rod, which had been stolen. This rail was embedded in an inclined
position in the slag bank. All readings were taken from this rail from May 15, 1901, to
June 9, 1903, when it was stolen. June 10, 1903, a vertical timber was placed at the same
point and fastened to a cottonwood tree, the zero of the rod being set at the same eleva-
tion as the zero of the old gage. The gage is located on the right bank about 60 feet above
the Sixteenth Street Viaduct; the rod is graduated from zero to 7 feet. The original bench
mark is a cross on top of the east abutment of the Fifteenth Street: Bridge, on the north
corner, 107 feet southwest of the gage; it is marked “B. M.,”” and its elevation is 6.15 feet
above the 9-foot mark on the original Fifteenth street gage rod, which has since been
destroyed. The bench mark for the present gage is a cross cut in the'capstone of the south
end of the south abutment of the right masonry pier of the Sixteenth Street Viaduct; ele-
vation, 11.90 feet above the zero of the gage.

‘
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Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull.=Bulletin; WS=Water-Sup-
ply Paper. -

Description: Ann 18, iv, pp 162-163; Bull 140, pp 104-105; WS 15, p 88; 27, p 77; 37, p 225; 49, p 281; 66,
p 30; 84, pp 86-87; 99, pp 199-200; 131, pp 74-75.

Discharge: Ann 13, iii, p 85; 18, iv, p 163; Bull 140, p 105; WS 15, p 88; 27, p 86; 37, p 225; 49, p 281; 66,
p 30; 84, p 87; 99, p 201; 131, p 75.

Discharge, daily: WS 131, p 76.

Discharge, monthly: Ann 18, iv, p 165; 19, iv, p 314; 20, iv, pp 263, 279; 21, iv, p 202; 22, iv, p 319; Bull
140, p 106; WS 75, pp 127, 136; 84, p 883; 99, p 203; 131, p 77.

Discharge, yearly: Ann 20, iv, p 54.

Gage heights: Bull 140, p 105; WS 11, p 53; 15, p 88; 27, p 84; 37, p 226; 49, p 282; 66, p 30; 84, p 88; 99,
Pp 201-202.

Hydrographs: Ann 13, iii, p 85; 18, iv, p 166; 19, iv, p 314; 20, iv, p 280; 21, iv, p 202; 22, iv, p 319.

Rainfall and run-off relation: Ann 20, iv, p 266; WS 75, p 137.

Rating tables: Ann 18, iv, pp 164-165; 19, iv, p 313; Bull 140, p 105; WS 27, p 89; 39, p 448; 52, p 517; 66,
p 171; 84, p 88; 99, p 202.

Discharge measurements of South Platte River at Denver, Colo., in 1905.

Date. Hydrographer. Width.| G080 | velocity. | haght. | charge.
Feet. | Sq.jt. (Ft.persec.| Feet. Secft.

February25...f M. P. Beeson..._.. ... .......o.o.... 60 91 2,91 1.75 265
March 4¢e. .do.. 64 81 2.0 1.40 162
March 11...... 50 61 1.36| 100 83

Do........ 50 61 1.34 1.00 82
March 25...... 55 90 2.39 1.41 215
April4..._._.. 89 155 3.09 2.11 479
April8........ 92 155 3.67 2.30 569
April 8a 0. i e 2.30 5565
April15....... 90 154 3.56 2.20 549
April22__ ... 90 186 3.56 2.45 662
April 25. .. 184 322 4.15 3.10 1,336
April 27. 185 404 4.53 3.42 1,840
May 5... . 166 389 4.49 3.20 1,747
June10........ ’ 175 441 3.03|- 300 1,732
June 29........ 162 188 2.40 1.86 - 451
July12........ 140 121 2.08 | 1.45 252
July29a....... 105 132 2.28 1.50 301
September 16...|..... L 129 105 1.71 1.25 180
November 4_... 92 59 2.15 1.00 | - 127
November 14¢. 62 58 1.69 | 90| , 98
November 25a. 68 49 1.8% .84 92
December 8.... 94 82 1.85 1.29 152

aMade at different section.
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Daily gage height, in feet, of South Platte River at Denver, Colo., for 1905.
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Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Deec.
) S 09 | 088 1.55| 1.75| 3.5 | 3.0 | 1.8 | 1.g5| L18| 0.8 { 0.95( 0.75
2eiieens 88| .78 1.48| 2.05| 3.48| 3.0 | 1.8 | 182| 1.25| .75| .95 7
.9 72| 15 | 25| 3.52) 3.02) 172 175 L25| .75] .9 7
.9 7| 14} 195 385 | 32 | 1.65| 1.7 | L35| .78 .9 .7
[ ST, 9 | Lo | 135 1.95| 3.4 | 3.4 | 1.58| 16 | L.42| .8 .9 75
[ .9 | 1.0 | 1.35| 2.05| 3.25| 3.25( l.42{ 1.6 | L55| .75 .9 .8
Teeeeeeanns .9 9 | 1.45| 2.22| 312 3.08] L5 | 1.5 | L4 .8 .9 .8
- 88| .90 | La| 235) 312 3.02| 1.7 | L45| 1.3 .8 95| 11
L U .8 82| 1.15| 2.52| 3.18| 3.02| 1.68| 1.35| 1.1385| .8 .98 | 1.25
(T 750 781 1.0 | 2.7 | 3.5 | 3.05f 1.6 | 1.38| 1.35| _.75| .9 1.0
£ F I 2L .72| 1.0 p 2.8 3.4 3.0 | 1.5 | 158 L3, .75/ .9 .9
1200 e 650 .7 | 1.0 | 2.45| 3.4 | 3.0 | 1.42] 155| 145 .78 .9 .88
& .6 7 95| 2.25| 3.42| 2.6 | 1.45| 155! 1.3 .88 1 .95 .85
L R, 6 .75 95| 22| 3.38| L95) 125 15 | L15| .92| 1.0 .82
5. .6 8| to5| 23 | 33 | Le| La2| 15 | Li12| Lo5| .92 .8
16 .7 .8 | L18] 2.25| 3.3 | 1.8 | L28) 1.4 | L1 | L15{ .9 .8
& S .98 .85 1.25| 2.25| 3.3 | 18| 105| L25| L15| 1.22] .9 .8
18 eieennns 1.55| .9 | 1.35| 225! 3.35| 1.82| .98| L2 | L15| 1.25] .9 .8
19, .. 1.2 | 102| 1.45| 2.3 | 335 1.6 | L12| 1L15| 1.05| 128 .9 .8
0. 1.0 1.22 1.9 2.28 | 3.42 1.6 1.15 .98 1.02 1.2 .9 .8
) T 1.0 | 14| 175} 232 35 | 1.5 | L2 1L02| L0 | L1 .9 .8
22 ... 1.0 | 75| 1.7 | 2.35] 35 | 1.5 | 1.4 | 1.0 | LO8| .75 .8 .8
b % S 112 1.88| 155| 2.6 | 3.48| 2.0 | L55| .95| L0 .9 .82 .8
24 ... 1187 1.78| 1.45| 2.8 | 3.45] 2.08| 1L52{ .92| .92| .9 .82 .82
b S L12| 1.68| 1.15| 3.08| 3.4 | 2.02( L42| 10 | LO .85| .8 .82
26 ... 1.12 1.65 1.1 3.1 3.38; 2.1 1.42 1.02 1,02 .82 .8 .78
27 s 1L18| 1.5 | 1.25| 3.4 | 3.45| 2.05| 148| 1.05| 1,05| .82| .8 7
b S 1.45] 3.55| 3.32| 20 | L5 | 102| L02| .9 .8 7
20 . 1.5 3.5 3.22 1.8 1.5 1.02 1,02 .8 .8 .68
| N 1.35| 355 3.0 | 1.8 | Lss5| L02| L12| .9 .8 T
E ) E 1.35 |....... 3.0 |...... 1.75 | 108 |....... 1O |eweenn- .7
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Danly discharge, in second-feet, of South Platte River at Den;)er, Colo., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. Al;g. Sept. | Oct. | Nov. | Dec,

) S 87 7| 196 330 | 2,014 | 1,392 410 440 167 92 115 72
| 84 64 175 4551 1,982 | 1,392 410 426 184 84 115 65

| S 87 57 169 505 | 2,046 | 1,420 378 398 184 84 106 64

[ T, 87| 55 159 410 | 1,014 | 1,685 350 378 214 88 106 63

[ T 87 95 149 410 | 1,854 | 1,998 322 338 235 92 106 68
[, 87 95 149 455 | 1,745 | 1,760 260 338 282 84 106 69

[ PO, 87 79 169 542 | 1,434 | 1,505 290 208 229 92 106 69
- TR, 84 79 159 620 | 1,434 | 1,420 370 278 199 92 115 115
[ T 73 69 110 736 | 1,520 1,420 362! 242} 213 2| 121 145
100l 73 64 85 890 | 2,014 | 1,462 330 252 214 84 106 98
Mmoo 62 56 821,045 | 1,934 | 1,434 283 322 199 84 101 81
1200l 54 54 82 685 | 1,902 | 1,434 252 310 238 88 101 78
) & T 50 54 78 560 | 1,934 950 263 310 193 88 110 74
14 .. 50 59 78 530 | 1,870 485 199 290 157 112 119 70
) 1 50 65 96 590 | 1,745 422 190 .290 151 137 105 68
) (SO 59 65 119 560 | 1,745 414 208 252 147 157 101 68
17 e 98 72 139 560 1 1,745 422 151 205 157 171 101 68
18, it 226 78 165 560 | 1,822 422 137 190 157 178 101 68
19l 139 96 202 590 | 1,822 334 165 175 137 187 101 68
200 il 101 96 366 578 | 1,934 334 171 141 131 167 101 68
2l 98 175 314 602 | 2,110 302 220 143 127 147 101 68
22, el 98 270 302 620 | 2,110 302 260 139 143 84 93 68
b2 S, 112 322 249 800 | 2,078 520 318 129 127 108 88 68
24, ...l 131 282 220 990 | 2,030 566 306 123 137 108 88 70
25 il 119 246 149 | 1,324 | 1,950 530 266 139 127 100 85 70
260 e 119 235 135 1,350 | 1,918 . 578 266 143 105 95 82 65
165 | 1,790 | 2,030 548 290 149 92 95 82 56

220 | 2,030 | 1,822 520 298 143 88 108 81 56

235 | 1,950 | 1,670 422 208 143 84 92 79 54

220 | 2,030 | 1,350 | 422 | 318 | 143 | . 92 92 8 56

190 ....... 1,350 |....... 398 163 [ 127 |....... 56

NoTEe.—The daily discharge was obtained by the indirect method.

Estimated monthly discharge of South Platte River at Denver, Colo., for 1905.

[Drainage area, 3,840 square miles.]

Discha.rgg in second-feet. | Run-off.
Month. Totalin |'qorond. feet .

Maximum.| Minimum. | Mean, | cre-feet. perna;ﬂ:are ?ggglésm

January. ... ...e.cooooooiiiai.o.. 226 50 93.9 5,774 0.024 0.028
February ... .ooceeiianaanan.. 322 @ 118 6, 553 .031 .032
March. .. ... ... ............. 366 78 172 10, 580 .045 .052
April.. .l 2,030 330 837 49, 800 .218 .243
May...oooiiiiiiiii 2,110 1,350 | 1,836 112, 900 .478 .551
JUDE. ottt 1,998 302 894 - 53,200 .233 . 260
July. ool 410 137 282 17,340 .073 .084
August.. ..o, 440 123 240 14,760 .062 071
September. ... ................. 282 84 164 9,759 .043 .048
October_..........coeooicai.. 187 84 110 6,764 .029 .033
November...........oooooooo... 121 78 100 5,950 .026 .029
December......cccooeeeeinaa.. 145 54 7.8 4,415 .019 .022
Theyear.....c.cceveeann.. 2,110 410 297, 800 .107 1.45
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SOUTH PLATTE RIVER NEAR KERSEY, COLO.

This station was established April 7, 1901. It is located at a bridge about 1} miles north
of the railroad station at Kersey, which is on the Union Pacific Railroad about 6 miles east
of Greeley,in T. 5N., R. 64 W., and was intended to take the place of the station previously
maintained at Orchard, Colo. The station was discontinued in the fall of 1903, but was rees-
tablished March 5, 1905, to satisfy the demand for hydrographic data pértaining to the stor-
age of flood waters. The station is below all the important tributaries of the South Platte
which derive their supply from the mountain region and is at about the point where water
could be used to best advantage for storage in reservoirs along the South Platte in north-
eastern Colorado. )

The channel is straight for 300 feet above and 400 feet below the station. The banks are
composed of alluvial material, and vary from 5 to 8 feet in height. The right bank is high
and is not liable to overflow except at extremely high water. The left bank is low and not
well defined, as it extends into high timber and overflows at extremg flood stages. The
stream bed is composed of shifting sand and gravel. The channel is entirely covered only
at extreme high water. At ordinary stages there are two channels and at low water the
stream runs very close to the right bank. Scattered trees and brush dot the portion of the
bed to the left of the center of the channel. Pile bents with 20-foot centers interfere at low
water by catching drift and also by causing eddy water. The current is fairly swift at
high stages and moderate at low. Gage heights range from 2 to 8 feet on the gage.

Discharge measurements are ordinarily made from the downstream side of the bridge, but
at low water measurements are occasionally made by wading. The initial point for sound-
ings is the north face of the right abutment of the bridge on the downstream side. The
bridge is of piling, and is about 15° askew.

The gage, which was read once each day by E. K. Plumb, consists of a vertical staff grad-

. uated from zero to 8 feet, spiked to the downstream side of the third pile of the bridge from
the south end. There is no bench mark, but a spike has been driven af each foot mark into
the pile, to which the gage is attached.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 66, p 37; 84, p 77; 99, pp 183-184.

Discharge: 66, p 38; 84, p 77; 99 p 184, 207.

Discharge, monthly: 75, pp 130, 136; 84, p 79; 99, p 186.

Gage heights: 66, p 38; 84, p 78; 99, pp 184-185.

Hydrograph: 75, p 132.

Rating tables: 66, p 171; 84, p 78; 99, p 185.

Discharge measurements of South Platte River near Kersey, Colo., in 1905.

Date. Hydrographer. Width. :‘e";%’i*ogf. vg&”ﬁ‘y_ hgna ¢ c]g;;_
Ft. per

- Feet. | 8q.ft. sec. Feet. Sec.-ft.
May6......... M. C. Hinderlider..........c........ 490 1,580 3.82 “6.22 6,032
Junel. . _._.. Brickand Beeson................... 529 1.947 3.73 6.80 7,274
July11........ M.P.Beeson........cocoeeeeain... 141 172 1.09 2.40 188
October3...... M. C. Hinderlider................... 131 142 1.18 2.5 168
October 12e ___{..... L5 o J P, 125 130 2.02 2.72 262

a Made at different section.
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Daily gage height, in feet, of South Platte River near Kersey, Colo., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Deec.
2.4 2.5 6.3 6.8 2.6 2.75 2.3 2.5 3.2 2.9
2.4 3.0 6.1 6.9 2.55 2.75 2.3 2.5 3.3 2.9
2.4 3.6 6.22 6.9 2.5 2.5 2.3 2.5 3.3 2.9
2.5 3.4 6.5 6.8 2.45 2.5 2.3 2.5 3.3 2.85
2.5 3.4 6.35 6.8 2.4 2.5 2.3 2.5 3.3 2.85
2.5 3.4 6.3 6.9 2.4 2.4 2.35 2.5 3.3 2.85
2.5 3.4 6.25 7.0 2.4 2.4 2.35 2.5 3.3 2.8
2.5 3.2 6.2 7.5 2.4 2.4 2.4 2.5 3.0 2.8
2.45 3.3 6.1 7.4 2.35 2.4 2.4 2.5 2.95 2.75
2.4 3.3 6.0 7.2 2.35 2.4 2.4 2.6 2.95 2.75
2.4 3.7 6.0 7.2 2.35 2.4 2.4 2.65 2.9 2.75
2.4 3.9 6.1 6.0 2.35 2.5 2.4 2.7 2.9 2.75
2.4 4.0 6.0 5.8 2.3 2.5 2.4 2.8 2.9 2.75
2.4 4.0 5.95 5.5 2.3 2.45 2.4 2.9 2.9 2.8
2.4 3.9 5.9 5.0 2.3 2.45 2.4 2.9 2.85 2.8
2.45 3.9 5.85 5.0 2.3 2.45 2.4 2.9 2.85 2.8
2.5 3.8 5.8 5.0 2.35 2.45 2.4 2.9 2.8 2.75
2.6 3.8 5.7 4.5 2.35 2.4 2.4 2.9 2.8 2.75
2.55 3.9 5.8 4.0 2.35 2.4 2.4 2.9 2.8 2.75
2.5 3.9 6.0 3.5 2.35 2.4 2.4 2.9 2.8 2.75
2.55 3.9 6.0 3.2 2.35 2.4 2.4 2.95 2.8 2.75
2.6 4.0 6.0 3.1 2.35 2.35 2.4 2.95 2.8 2.75
3.0 3.8 7.75 3.0 2.35 2.35 2.4 2.95 2.85 2.75
3.0 4.25 7.0 3.0 2.35 2.35 2.4 2.95 2.85 2.75
2.9 6.0 6.8 2.9 2.3 2.3 ' 2.4 2.95 2.9 2.75 -
2.8 5.95 6.6 2.9 2.3 2.3 2.45 2.95 2.9 2.75
2.75 6.1 6.6 2.8 2.3 2.3 2.45 3.0 2.9 2.75
2.65 6.25 6.8 2.7 2.3 2.3 2.5 3.0 2.9 2.75
2.5 6.5 6.9 2.7 2.3 2.3 2.5 3.0 2.9 2.75
2.5 6.4 7.2 2.6 2.3 2.3 2.5 3.1 2.9 2.75
2.5 ... 7.25 ... 2.3 2.3 |oaoa..s 3.1 (... 2.7

NoTE.—Gage heights estimated March 1-4.

Station rating table for South Platte River near Kersey, Oolo., from March 1 to December 31,
1905.

hgi; et. Discharge. h(gia’g%et. Discharge. igiz %. Discharge. h(e}ig t. Discharge.

Feet. Sec.ft. - Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft.
2.30 140 3.50 1,200 4.70 3,160 5.90 5,410
2.40 160 3.60 1,340 4.80 3,340 6.00 5,610
2.50 190 3.70 1,490 4.90 3,520 6.20 6,010
2.60 230 3.80 1,640 5.00 3,700 6.40 6,420
2.70 280 3.90 1,790 5.10 3,890 6.60 6,840
2.80 350 4.00 1,950 5.20 4,080 6.80 7,260
2.90 440 4.10 2,120 5.30 4,270 7.00 7,680
3.00 550 4.20 2,290 5.40 4,460 7.20 8,110
3.10 670 4.30 2,460 5.50 4,650 7.40 8,550
3.20 800 4.40 2,630 5.60 4,840 7.60 8,990
3.30 930 4.50 2,800 5.70 5,030 7.80 9,450
3.40 1,060 4.60 2,980 5.80 5,220

The above table is applicable only for open-channel conditions. It is based on five discharge meas-

urements made durin;

feet and 7 feet.

g 1905 and two during 1903, and is fairly well defined between gage heights 2.5
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Estimated monthly discharge of South Platte River near Kersey, Colo., for 1905.

[Drainage area, 9,470 square miles.]

Discharge in second-feet. ‘ ‘Run-off.
Month. . Totalin |
Maximum. | Minimum. | Mean. | 8cre-feet. | i)e:r}?g?fet ?:gggsm
550 160 227 13,960 0.024 0.028
6,630 190 2,348 139,700 .248 277
-9,335 5,030 6,301 387,400 . - 665 .767
8,770 230 4,084 | . 243,000 .431 .481
230 ¢ - 140 154 9,469 .016 . 018
315 140 170 10,450 .018 | .021
. 190 140 160 9,521 .017 .019 -
October......oo.ooiiiiiiiiiaa.. 670 190 383 23,550 .040 . 046
November.... 930 350 533 31,720 . 056 . 062
December.._....._.............. 440 280 339 20,840 ! .036 .042
The period..... R ON P 889,600 1. . ... ooo..|oooaiol.

SOUTH PLATTE RIVER NEAR JULESBURG, COLO.

This station was established April 2, 1902. 1t is located at the wagon bridge crossing the
South Platte about 1 mile southeast of Julesburg, Colo., a station at the junction of the main
line and the Denver branch of the Union Pacific Railroad. ’

As this is the last station on the South Platte in Colorado, and as it is also below all irriga-
gation ditches taking water from the South Platte in Colorado with the exception of one, it
is of considerable importance for obtaining dats relative to the flow of return waters as well
as to the natural flow of the main channel.

The channel is straight for 600 feet above and 400 feet below the bridge. The banks are
composed of alluvial material and are likely to overflow. The bed, which is about half a
mile wide, is composed of shifting sands and at ordinary stages the section is broken by
islands covered with undergrowth and vegetation. As a result the stream flow’is usually
divided into a number of small threads, some of which are too small to measure and at low
water are generally estimated. The bed of the stream is dry the larger part of the year.
The current is swift during high water but moderate at low Records are usually discon-
tinued during the winter months.

High-water measurements are made from >the bridge, which is one-half mile long and is
supported on piles at intervals of 20 feet., Tﬁ\e initial point for soundings is the north abut-
ment on the left bank. At low water the ﬂpw is divided into a number of small channels
which are measured by wading.

The gage, which was read during 1905 by ‘%olney Parker, consists of a vertical staff spiked
to a pile of the bridge about 1,600 feet from the north end on the downstream side. The
bench mark is a spike driven into the south face of the cap timber on the piling to which the
gage is spiked; it is directly over the gage, and is inclosed in a circle of white paint and
marked ¢ B. M.;” the elevation of the center of the spike above the zero of the gage is 8.00
feet. The gage is read once daily except during high water, when several observations may
be made each day.

Information in regard to this station is contained in the followmg publications of the
United States Geological Survey (Ann=Annual Report; Bull= Bulletm WS=Water-Sup-
ply Paper):

Descriptlon. WS 49, p 283; 84, pp 73-74; 99, p 179; 131, pp 77-78.

Discharge: Ann 20, iv, p 302; Bull 140, p 114; WS 49, p 283; 84, p 74; 99, p 180; 131, pp 78, 87.

Discharge, monthly: WS 84, p 75; 99, p 181; 131, p 80.

Gage heights: WS 84, p 74; 99, p 180; 131, p 79.
Rating tables: WS 84, p 75; 99, p 181; 131, p 79.
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Discharge measurements of South Platte River, near Julesburg, Oolo., in 1905.

Date,, Hydrographer. Width. f‘wr‘t?ogf_ vgl[‘fcailtly. hgia et. clg;?g-e.
Feet. | Sq.ft. | Ft. per Feet. Sec.Ht.
sec.
May6......... T.W.Jenkins....................... 1,523 2,253 [ 2.50 3.75 5,643
May10........ M. C. Hinderlider................... 1,378 1,968 2.65 3.50 5,216
May 20........ T. W.Jenkins ...................... 1,134 1,543 2.68 3.27 4,130
b7 221 T Y (- S 1,371 1,830 2.50 3.48 4,748
May27........0..... L1 1 T 1,703 2,744 2.69 3.99 7,405
October 46 .._{ M. C. Hinderlider................... i 66 27 1.37 1.05 37
I
e Made by wading.
Daily gage height, in feet, of South Platte River near Julesburg, Colo., for 1905.

Day. Jan. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.| Get. | Nov. | Dec.
. 2.551 2.0 195 3.65| 435 0.75] 163 1.2 1:85 | L5 1,65
2.6 2.0 2.5 3.75| 4.35 1.5 1.85 1.15{ 1.05 1.65 1.65
2.6 | 2.0 1.95| 3.85| 4.0 1.4 205 1.15) 1.05] 1.85 1.65
2.6 2.0 1.9 3.8 | 3.8 | 12 3.0 1.1 .05 1.9 1.65

2.6 2.0 1.95; 3.8 3.8 .7 2.8 L15; L05| 2.0 1.9

2.7 2151 1.95( 3.75 | 3.8 .6 2.9 1.2 1.05) 2.0 1.9

2.8 2.05 | 2.5 3.7 3.9 85| 2.75 | 1.2 1.05( 2.0 1.9
2.1 2.5 3.75 | 4.0 .5 2.3 1.35| 1.05| 2.25 1.95

2.16| 2.5 3.75 | 4.5 .5 2.2 .15 L05| 2.0 2.0

2.0 2.1 3.6 4.0 457 215 L15) 105 19 2.1

....... 2.0 2.15 | 3.45| 4.95 4 2.5 1.1 1.06 { 1.9 2.1

2.5 2,25 | 3.35: 4.95 .4 2.45 1- 1.1 1.151 1.9 2.1

1.95| 2.25| 3.45] 4.0 2.0 235 1.1 .25 2.0 2.1
2.0 225} 3.5 3.95| 1.9 2.3 11 1.2 2.0 2.15

2.5 2.5 3.5 3.55 |- 1.8 2.0 1.1 |{ 125} 1.9 2.2

2.1 2.4 3.45| 3.5 1.75 | 2.1 .15 1.35| 1.8 2.2

2.5 2.5 3.35 | 3.3 1.9 215 L2 1.25 1.75 2.1
2.5 2.55] 3.35]| 3.1 1.8 2.2 .15 13 1.65 2.15

2.2 2.4 3.4 3.0 .85} 2.25| 115| 1.35] 1.7 2.2
2.1 2.75| 3.3 3.0 .75 1.75] L1 1.32| 1.6 2.15
2.0 2.7 3.45| 2.85 | 1.7 .65 1.1 1.35 [ 1.65 2.25

....... 1.9 2.65| 3.45| 2.4 2.0 1.6 1.1 1.4 1.6 2.2

....... 1.95 | 2.7 3.45] 10 1.95| 145 L1 1.4 1.75 2.2
1.95 | 3.5 3.5 851 1.9 1.3 .05 1.35 | 1.65 2.15

1.9 3.2 3.5 951 1.8 | 1.2 1.05| 15 1.65 2.0

1.9 3.1 4.0 1.0 1.7 .15 1.05| 1.5 1.65 2.1

1.9 3.5 4.0 .95 1.65| 1.1 1.05( 1.45| 1.65 2.1

....... 1.9 3.4 4.2 .85 L6 1.1 1.05) L5 1.685 2.2

....... 1.9 3.6 4.3 .95 1.65) L1 1.0 L5 1.65| 2.2

....... 1.8 3.6 4.3 .9 L7511 112 115 L5 1.65 2.2
....... 195 |.......] 435 (.......| L7 Li2f.......f L5 |......] 2.25

]

NoTE.—Gage heights estimated March 1-4.
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Station rating table for Soutk Platte River near Julesburg, Colo., from January 1 to December

31, 1905.
h(e}izﬁ. Discharge. h‘ji“gﬁ_ Discharge. hgg © | Discharge. | G228, | Discharge.
Feet. Sec.ft. Feet: Secft. Feet. Sec.ft. Feet. Sec.ft.
0.40 9 1.60 17 2.80 2,140 4.00 7,450
0.50 10 1.70 20 2.90 2,490 4.10 7,950
0.60 12 1.80 205 3.00 2,870 4.20 8,460
0.70 15 1.90 375 3.10 3,270 4.30 8,970
0.80 19 2.00 470 3.20 3,600 4.40 9,490
0.90 2 210 | - 500 3.30 4,130 4.50 10,010
1.00 30 2:20 730 3.40 4,580 4.60 10,530
1.10 37 || - 2.30 890 3.50 5,040 4.70 11,060
1.20 50 2.40 1,080 3.60 5,510 4.80 11,59
1.30 70 2.50 1,300 3.70 5,980 4.90 12,120
1.40 ] 2.60 1,550 3.80 6,460 5.00 12,650
1.50 131 2.70 1,830 3.90 6,950 :

The above table is applicable only for open-channel conditions. It is based on ten discharge meas-
urements made during 1904-5, and is fairly well defined bet ween gage heights 1 foot and 4 feet.

Estimated monthly discharge of South Platte River near Julesburg, Colo., for 1905.

[Drainage area, 20,600 square miles,]

Discharge in second-feet. Run-off.
Total in
0 Month. Maximum, Minimum. | Mean, | 8re-feet. %‘Eiuief: Depth in
3,910 1,425 | 2,018 76,050 0.098 0.069
1,300 295 581 35,720 .028 .032
5,510 375 | 1,903 113,200 . 092 .103
9,230 4,130 | 5,913 363,600 287 .331
12,380 24| 4,804 285,800 233 . 260
470 9 199 12,240 . 0097 .011
2,870 37 695 42,730 .034 .039
84 34 41.8 2,487 . 0020 . 0022
131 34 68.8 4,230 | .0033 .0038
810 131 310 18,450 .015 .017
810 202 565 34,740 .027 .031
.................................. 989,200 1
|

CLEAR CREEK AT FORKSCREEK, COLO.

Clear Creek rises on the eastern slope of the Rocky Mountains, flows eastward, and unites
with the South Platte about 6 miles north of Denver. Its drainage basin comprises a nar-
row strip of exceedingly mountainous country, consisting entirely of granitic rocks, in many
places barren of soil, covered with scattered patches of coniferous trees, such as pine, spruce,
and fir, remnants of the once extensive forests of the area. The basimj includes also a small
portion of Great Plains territory. Two of Colorado’s oldest mining districts lie wholly
within this basin, and in these districts the water of the upper tributaries of Clear Creek is
used to such an extent that the name has long since become a misnomer. From Forkscreek
to Golden, a distance of 13 miles, the creek flows in a canyon and has a total fall of 1,225
feet, an average of 94 feet per mile. Before the stream leaves the canyon a large volume
of water is diverted by the canals that wind sinuously along the steeH, rocky canyon sides,

|
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and the entire normal flow of the creek between Golden and Denver is used for the irriga-
tion of lands in Clear Creek Valley.

The gaging station was established May 29, 1899. It is located at the United States Geo-
logical Survey bridge, just below the Colorado and Southern Railway bridge at the railroad
station, in T. 33 S.,, R. 72 W.

The station is important because of its location above all diversions and also because of
contemplated power development.

The channel is narrow and straight for 30 feet above and 150 feet below the station. The
right bank is the side of the mountain; the left is the retaining wall of the Colorado and
Southern Railway embankment; both banks are high and can not overflow. The bed of
the stream is composed of cobblestones and bowlders, over which a shallow deposit of silt
forms during low-water stages, which is scoured out at high water. There is but one chan-
nel at all stages. The current is swift at low water and very rapid at high water. The
surface of the water is rough and high-water measurements are difficult to obtain. During
the winter ice blocks the channel and interferes with gage readings.

Discharge measurements are made from a substantial single-span footbridge, to which the
gage is attached. The initial point for soundings is a brass-headed nail in the hand rail at
the end of the bridge, and is marked zero with white paint.

The chain gage, which was read twice each day during 1905 by C. W. Hoisington, was orig-
inally fastened to the retaining wall on the left bank 30 feet below the footbridge. July 19,
1905, the gage was removed to the footbridge on account of the settling of the crib work to
which it was attached. The length of the chain is 19.37 feet. The bench mark is a standard
aluminum cap set in the bowlder, to which the downstream stay line of the bridge is anchored
on the right bank;, elevation above the zero of the gage, 9.50 feet.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: WS 37, pp 228-229; 49, pp 285-286; 66, p 31; 84, p 84; 99, pp 197-198; 131, p &0.

Discharge: WS 37, p 229; 49, p 286; 66, p 31; 84, p 84; 99, p 198; 131, p 81.

Discharge, monthly: Ann 21, iv, p 205; 22, iv, p 322; WS 75, p 128; 81, p 86; 99, p 199; 131, p 82.

- Gage heights: WS 37, p 229; 49, p 286; 66, p 32; 84, p 85; 99, p 198; 131, p 81.

Hydrographs: Ann 21, iv, p 205; 22, iv, p 322.
Rating tables: WS 39, p 448; 52, p 517; 66, p 171; 84, p 85; 99, p 199; 131, p 82.

Discharge measurements of Clear Creek at Forkscreek, Colo., in 1905.

Date. Hydrographer. Width. ﬁetr;?ogf. v g{fg?y. hgriz ‘%‘ cllI)a;Ze
Feet. Sq. fi. Ft. per Feet. Secft. .
sec.

April 14........ T.E.Brick ... 29 32 4.12 2.23 132
June 2. ..| M. P. Beeson.. R 36 121 8.61 3.85 1,042
Junel6........|..... do.......... 36 138 9.00 4.10 1,242
July 19........f..... i (P et 36 83 3.19 2.94 265
July 19.... J. C. Stevens 36 85 4.22 2.94 359
July 27........| M. P. Beeson .- 36 83 3.37 2.79 280
October 19..... R. 1. Meeker.......... - 28 28 2.57 1.74 72
October 19..._[..... L S 28 26 2,23 1.62 58
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Duaily gage height, in feet, of Clear Creek at Forkscreek, Colo., for [905.

283

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct.
183 27 | 39| 3.45||26| 22| 203
1.8 278 | 3.99| 3.4 | |262] 223 198
1.83| 2.8 | 414| 3.4 || 26| 22| 198
L73| 2.8 | 43| 335|258 22 1.93
1.68| 2.6 | 45| 338| 25| 216| 19
1.83| 2.66| 449| 332||25| 216| 188
2.03| 2.66| 449 3.32|)26 | 213| 1.8
2.08| 27 | 4s56| 33 ||262] 213 18
2.05| 2.86{ 4.5 | 3.28| 25| 213| 1.83
2.13| 2.8 | 4m| 32|25 21 1.83
2.03| 28| 436| 312 2.84| 208| 182
218 2.86| 439] 312|' 27 | 208| 182
2.18| 2.83| 432 318} 25 | 208| 1.8
2.18| 2.8 424 33 |25 2.06 1.77
2.16| 272 4.22| 335 248 2.03 1.77
216 276| 422| 3.32|' 248| 2.03 1.77
2.16| 280 4.15| 332 252| 203 18
2.2 | 00| 408| 335( 24| 203| 185
22 | 3.16| 405 32 | 23| =203 L7
2.13| 326 3.95| 295/ 23 | 20 1.72
2.1 | 3.44| 3.95) 292|225 198| 172
2.16 | 3.59| 3.88| 2.88(| 225| 198! 17
2.16 | 3.64| 3.82| 282 2.22| L8| 172
213] 3.60| 378 282 2.25| 1.08 1.62
216| 3.56| 378 2.82|| 222[ 18| L&
2.26| 3.59| 3.65| 278|| 225| 198 167
2.5 | 3.64| 3.55| 278 2.25| 168| 167
2.6 | 3.76| 35| 2.8 22| L8| . 167
2.6 | 379| 35 | 27| 224 1e8| 167
2.6 | 3.76| 345| 27 | 22| 1e8| 157

3.89 ... 2.7 |, 221 |...... 1.52

Station rating table for Clear Creek at Forkscreek, Colo., from April 1 to October 31, 1905.

hglag et. Discharge. hgiz ea Discharge. h%?gglft. Discharge. h(gi?;%?;. , Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Féet. Sec.-ft.
1.50 47 2.30 160 3.10 390 3.90 1,010
1.60 55 2.40 180 3.20 410 4 00 1,130
1.70 65 2.50 200 3.30 500 410 1,260
1.80 75 2.60 230 3.40 560 4.20 1,400
1.90 90 2.70 260 3.50 630 4.30 1,540
2.00 105 2.80 290 3.60 710 4.40 1,690
2.10 120 2.90 320 3.70 800 4.50 1,850
2.20 140 3.00 350 3.80 900 4.60 2,010

The above table is applicable only for open-channel conditions. It is based on seven discharge meas-
1t is fairly w ‘ll defined between gage

arements made during 1905 and four older measurements.

heights 1.6 feet and 4 feet.
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Estimated monthly discharge of Clear Creek at Forkscreek, Colo., for 1905.

[Drainage area, 345 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. Second-feet :
Maximum.| Minimum, | Mean. acre-feet. per square li):plfh n

mile. ches.
230 63 131 7,795 0.380 0. 424

999 230 472 29,020 1.37 1.58

1,994 595 | 1,291 76,820 3.74 4.17

595 260 420 25,820 1.22 141
302 142 193 11,870 . 556 .641
146 102 116 T 6,902 .336 .375
110 49 75.3 4,630 .218 .251
.................................. 162,900 |..ooniiiiii it

MISCELLANEOUS MEASUREMENTS.
Miscellaneous discharge measurements made in South Platte River drainage basin for 1905.

pue Stram. ocaty. | et | Mo, ot
Ft. per

Sq. fi. sec. | Sect.

............... North Platte, Nebr..._... 236 1.62 382

) 2,781 2.74 7,614

89 1.92 170

.................... 46

PLATTE RIVER.
DESCRIPTION OF BASIN.

1)

From the point of junction of North and South Platte rivers the main stream winds east-
ward across Nebraska, uniting with the Missouri at Plattsmouth, about 10 miles south of
Omaha. Its course lies for the most part through a broad, level bottom, rather sandy in
places, but for the most part fertile, bordered by bluffs varying in height from 50 to 300 or
400 feet. From its source to a point near Ashland, Saunders County, it is a broad, shallow
stream, flowing in many places as a network of interlacing channels among numerous islands
and sand bars, but farther east it is confined between heavily wooded limestone bluffs.

The drainage basin lies wholly to the north of a line bordering closely the south bank of
the stream and consists generally of rolling prairie land in the middle portion, which to the
east and west gives way to extensive areas of sand hills. Along the main stream and its
tributaries is & deep flood plain, composed of loam, sand, and gravel in the valleys and of
talus on the slopes. Qutside of this flood plain the soil is mostly loess, consisting of yellow
clays and fine sandy loam. There is little timber &xcept in the immediate vicinity of the
small tributaries.

The average annual precipitation is about 23 inches, of which 69 per cent falls during the
five months of the growing season, from April to August; about half of the remainder is
snowfall. The stream is subject to periodic floods, caused by the melting of snows in the
headwater regions of North and South Platte rivers; these floods reach a maximum in
June and July and often do considerable damage to property on the lower portions of the
stream. In the western part of the drainage area the waters of the river are extensively used
for irrigation.
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The prineipal tributaries of the Platte are the Elkhorn and the Loup, both draining long,
narrow valleys north of the river.

Information in regard to the basin is contained in the following publications of the United
States Geological Survey (Ann=Annual Report; Bull=Bulletin; W. S. Water - Supply
Paper):

Description: Ann 12, ii, pp 238-239; 22, iv, p 306; Bull 131, p 28; WS 75, pp 124-125; 84, pp 50-51; 99: PP
137-138; 131, p 201.

Irrigation surveys: Ann 13, iii, pp 73-91.

Rainfall and river stations, map: Ann 20, iv, p 256.

Rainfall and run-off relation: Ann 20, iv, pp 265-266.

Rainfall data: Ann 13, iii, pp 76-77; 20, iv, pp 256-266.

PLATTE RIVER NEAR LEXINGTON, NEBR.

This station was established April 2, 1902. It is located at a highway bridge 3 miles
south of Lexington, Nebr., in sec. 20, T.9N., R. 21 W.

The channel is straight both above and below the station. The banks are low and not
liable to overtlow, and the bed is composed of shifting sand. There are no obstructions in
the channel other than the bridge piling, and the current is never sluggish, even at low water,
when the stream some times flows in as many as forty channels of varying widths and depths.
Gage heights have a range of about 3 feet. Records of winter flow are not obtained, as the
river, on account, of its shallowness, often freezes solid.

Discharge measurements are made from the upstream side of the highway bridge, which
consists of 187 spans of 20 feet each, supported on piles. The initial point for soundings is
the zero mark on the hand rail at the north (left) bank of the stream. A second, smaller
channel, about one-fourth mile to the south, is measured from a similar pile bridge having
a total span of 60 feet.

On account of the extreme width of the section (3,720 feet) and the shallowness of the
stream, and also to partly eliminate the effect of wind, two gages are maintained at this sta-
tion, the observer being E. J. Duryee, a mail carrier, who reads both gages as he crosses the
bridge, no ohservations being taken on Sundays or holidays. The gages are of the standard
chain type. One of them is located at the north end of the bridge, downstream side, and the
other at the south end, upstream side, with their zeros at the same elevation. The wind
sometimes creates a difference of over a foot between the two gages, but this difficulty is
largely eliminated by using the means of the readings in computations of discharge. The
zeros of the gages are referred to three bench marks: (1) The top of the east end of the first cap
at the north end of the bridge; elevation, 7.66 feet. (2) The top of the upstream end of the
cap of the third bent from the north end of the bridge, marked with a cross; elevation, 9.22
feet. (3) The top of the upstream end of the cap of the third bent from the south end of
the bridge, marked with a cross; elevation, 9.03 feet. Bench mark No. 1is 2,392 feet above
sea level.

Information in regard to this station is contained in the following Water-Supply Papers
of the United States Geological Survey:

Description: 84, pp 59-60; 99, p 155; 131, pp 47-48.

Discharge- 84, p 60; 99, p 155; 131, p 48.

Discifarge, monthly: 84, p 61; 99, p 157; 131, p 50.

Gage heights: 84, pp 60-61; 99, p 156; 131, p 49.
Rating tables: 84, p 61; 99, p 156; 131, p 49.

IRR 172—06——16
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Discharge measuréments of Platte River near Lexington, Nebr., in 1905.

Date. Hydrographer. Width. ?ez%?o‘r)xf. vehl/[o%a{?y. hgiz%%. ch];lrsg-e.
Ft. per

Sq. ft. sec. Feet. Sec.-ft.
1,421 1.73 3.50 2,473
5,046 2.77 4.25 13,820
Junel12........ H.C.Gardner-...................... 3,720 8,223 3.14 4.93 25,830
July 10......._.j..... [ Lo 3,800 4,705 2.34 3.93 11,010
Tuly 18.........|..... A0 e 2,900 1,681 17 3.38 2,882
August 2 ...__.|..... L5 3,140 1,765 1.63 3.48 2,877
August 23 ... .. H. O. 8Smith. ..o 0
September 6...| H. C. Gardner ..| 1,480 637 1.55 3.25 990
September20..] F. S. Dobson.... ... ... .......... 1,540 502 1.61 3. 10 760

Daily gage height, in feet, of Platle River near Lexington, Nebr., for 1905.

Day. Mar. Apr. | May. | June. | July. | Aug. | Sept. | Oct.
SRR PR 3.45 4.2 4.9 4.05 3.6 3.15 3.15
3.52 4.2 4.9 4.25 3.48 3.2 3.18
3.58 4.28 4.9 4.48 3.6 3.2 3.15
3.62 4.3 4.85 4.33 3.55 3.2 3.15
3.62 4.32 4.8 4.18 3.48 3.35 3.15
3.62 4.32 4.65 4.05 3.45 3.25 3.15
3.6 4.36 4.55 4.2 3.42 3.22 3.15
3.55 4.4 4.5 4,08 3.42 3.2 3.16
3.48 4.35 4.5 4.0 3.45 3.2 3.18
3.4 4.35 4.75 | 3.92 3.5 3.16 3.12

3.45 4.42 4.82 3.92 3.35 3.12 3.1
3.42 4,52 4.9 3.85 3.3 3.12 3.18
3.52 4.52 4.8 3.82 3.3 3.15 3.15
3.5 4.44 4.72 3.75 3.32 3.12 3.25
3.5 4.35 5.0 3.65 3.38 3.12 3.26
3.5 4.25 | 5.15 3.6 3.42 3.28 3.28

3.52 4.28 5.05 3.55 3.45 3.33 3.3

3.55 4.25 4.95 3.42 3.3 3.38 3.3
3.52 4.22 4.82 3.40 3.28 3.32 3.32
3.52 4.3 4.78 3.42 3.28 3.28 3.28
3.72 4.3 4.68 3.4 3.28 3.28 3.28

3.82| 4.3 458 3.62| '3.42) 3.3 3.3

.| 3.8 4.2 4.75 3.56 3.4 3.3 3.3

3.55 3.88 4.15 4.7 3.5 3.28 3.25 3.3

3.42 4.05 4.12 4.55 3.42 3.25 3.2 3.3
3.45 4.12 4.25 4.42 3.42 3.25 3.2 3.32

3.45 4.15 4.3 4.32 3.4 3.22 3.18 3.3
3.38 415 |........ 4.2 3.32 3.18| 3.15 3.32
- P ~3.42 4.12 4.75 4.12 3.38 3.2 3.1 3.35
) U 3.50 4.16 4.72 4.1 3.42 3.18 3.12 3.38

. 3.50 |........ 4.78 ... 3.45 3.18 ... 3.4

NoTE.—Sunday and holiday gage heights interpolated. These gage heights are the mean of the

two gages.
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PLATTE RIVER NEAR COLUMBUS, NEBR.|

This station was established June 4, 1895. It is located at the Meridetn Bridge, about 3
miles south of Columbus, Nebr., in sec. 31, T. 17, R. 1 E. The bridge lie on the sixth prin-
cipal meridian. ’

The river at this point flows in three channels, known as the main,
channels, having widths of 1,940 feet, 320 feet, and 75 feet, respectively, #nd each channel is
spanned by a pile bridge. The main channel is crossed by the Meridian Bridge, which con-
sists of sixty-five 30-foot spans; the middle-channel bridge consists of sixteen 20-foot spans,
and is located 14 miles south of the Meridian Bridge; the south channel is spanned by a pile
bridge about 80 feet long, located one-eighth mile south of the middle-chamnel bridge.

Above the bridges the channels are straight for 5,000 feet in the main ehannel, 200 feet in
the middle channel, and 100 feet in the south channel; below the bridges the channel is
straight for 3,000 feet in the main channel, 300 feet in the middle channel and 500 feet in
the south channel. The sections are broad and shallow, with rapid vel )c]ty, and shifting,
sandy beds. The banks are low but are not subject to overflow. At lpw stages the river
flows in many shallow channels, so that the measurement of discharge isimainly a matter of

middle, and south

estimation. A small tributary furnishes a supply of water in the south ¢
the other channels are entirely dry. The only obstructions are the piling

thannel, even when
bents. Discharge

measurements are made from the upstream side of all three bridges, whose hand rails are
marked at intervals of 10 or 20 feet. The initial point for soundings id the zero mark on
the upstream hand rail at the north end of the main-channel bridge and at the south ends
of the middle and south channel bridges.

A standard chain gage, which is read by W. D. Benson, is fastened to the downstream
hand rail of the Meridian Bridge approach. The length of the chain is 16.21 feet. The gage
is referred to two bench marks, as follows: (1) A standard United States Geological Survey
bench mark, located 60 feet north of the north end of the bridge truss and 10 feet west of a
cottonwood tree 6 feet in diameter; elevation, 7.06 feet above the zero of the gage. (2) A
bunch of three spikes driven in the top of the second piling from the downstreani end of the
second bent from the north end of the bridge, counting approach bent ‘“‘one;” elevation,
9.62 feet above the gage datum. In past years deposits of sand about the gage have caused
considerable trouble, and the records have been frequently interrupted. :

Information in regard to this station is contained in the following J)ubhcatlons of the
United States Geological Survey (Ann==Annual Report; Bull=Bulletin; WS=Water-
Supply Paper):

Description: Ann 18, iv, p 188; Bull 140, pp 121-122; WS 15, p 98; 27, p 78; 37, p 242; 50, p 307; 66, p 39;
84, D 57; 99, pp 152-153; 131, pp 50-51.

Discharge: Ann 18, iv, p 189; 20, iv, p 302; Bull 131, p 92;
p 308; 66, p 39; 84, p 58; 99, p 153; 131, p 51.

Discharge, daily: Ann 18, iv, p 190.

Discharge, flood: Ann 18, iv, pp 184-186.

Discharge, monthly: Ann 19, iv, p 334; 20, iv, pp 264, 295; 22,iv, p 329; WS 75, p138 84, p59; 99, p 154;
131, p 53.

Discharge, yearly: Ann 20, iv, p 55. !

Gage heights: Bull 140, p 122; WS 15, p 98; 27, p 85; 37, p 243; 50, p 308; 66, p 39; 84,p58 99, pp 153-154;
131, p 52.

Hydrographs: Ann 18, iv, p 190; 19, iv, p 334: 20, iv, p 296; WS 75, p 138.

Rainfall and run-off relation: Ann 20, iv, p 266.

Rating tables: Ann 18,iv,p 189; 19, iv, p 333; Bull 120, p 122; WS 39, p 449; 84,p 9 99, p 154; 131, p 52..

140, p 122; WS 15, p 98; 27, D 87; 37, p 242; 50, -
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Discharge measurements of Platte River near Columbus, Nebr., in 1905.

Date Hydrographer. width.| P80 | veloaty. | height. | charge.
Ft. per
Feet. Sq. ft. sec. Fect. Sec.-ft.
March 16....__. Dobson, Bates, and Gardner........ 2,310 1,473 27|  3.08 3,978
H.C. Gardner............_.......... 4,153 3.28 4.45 13,630
7,384 4.52 5. 60 33,410
7,256 3.79 5.10 27,570
5,899 $.36 4. 45 19,760
July 14..... .. |..... L L 2,295 3,336 2.55 3.50 8,514
August12 ... JRRR« Lo T 1,660 1,060 2.31 2.25 2,341
September 27. .| F. 8. Dobson........o..ooooooiiii. 1,486 880 1.98 2.10 1,739
October 13..._...... & £ I P 586 1.52 1.80 891
Daily gage height, in feet, of Platte River near Columbus, Nebr., for 1905.
Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. Oct.
A e et 2.6 4.8 5.35 4.6 2.75 1.5 1.7
2.4 4.6 5.55 4.65 3.2 .75 1.55
2.6 4.4 5.5 4.85 3.2 7 1.5
2.7 4.15 5.35 5.3 3.4 .75 L5
2.6 4.75 5.3 4.95 3.2 1.6 1.3
3.0 56 | _5.2 5.5 3.25 1.8 1.3
3.2 4.5 5.2 4.7 3.15 2.35 1.25
3.1 4.4 5.2 4.55 3.0 2.85 1.2
3.1 4.5 4.95 4.2 2 2.65 1.35
2.9 4.3 5.25 4.15 2.5 2.4 1.2
2.9 4.6 5.1 4.0 2.35 2.2 1.15
2.8 4.55 5.3 3.75 2.25 1.9 1.15
2.6 5.3 5.3 3.55 2.25 1.85 1.2
2.7 5.75) 525 3.35| 2.2 2.6 1.35
2.6 6.2 5.3 3.15 2.2 2.55 1.4
2.6 5.45 5.3 3.0 2,25 2.2 1.3
2.8 5.6 5.8 2.85 2.5 2.25 1.35
2.8 5.15 5.35 2.7 2.55 3.5 1.3
2.8 4.6 5.45 2.5 2.6 3.45 1.35
. 3.4 4.55 5.15 2.3 2.35 3.35 1.4
21 3.7 3.8 4.35 5.15 2.3 2.35 3.25 L5
20 3.6 4.0 4.35 4.95 2.2 2.25 3.15 1.6
23 3.7 4.2 4.25 6.35 2.2 2.3 3.0 1.65
24 3.5 4.4 4.2 5.4 2.1 1.95 2.95 1.85
25 3.3 4.6 4.1 5.25 2.1 19 2.45 2.0
26 3.1 4.8 4.25 5.25 2.85 2.1 2.2 1.9
27 3.0 5.0 4.15 5.3 3.15 2.2 2.05 19
28 2.8 5.3 4.45 5.0 2.85 1.75 1.9 2.0
29 2.7 5.15 5.1 4.95 2.7 1.55 1.75 2.5
30 2.6 5.1 5.25 4.85 2.65 1.35 1.7 2.5
31 2.6 [........ 5.5 ... 2.6 Li5 ..., 2.5

No1E.—Gage heights estimated April 22-27.
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Station rating table for Platte River near Columbus, Nebr., from March 17 to M. ay 31, 1905.

h(giz %. Discharge. h(e}%%i_ Discharge. h(e}i‘;%%. Discharge. lﬁa?gg}?t. Discharge.

Feet. See.ft. Feet. Sec.ft. Feet., Sec.-ft. et. Sec.-ft.
2.40 1,750 3.40 5,530 4.40 13,170 .40 29, 400
2.50 2,000 3.50 6,100 .4.50 14, 260 .50 31,450
2.60 2,280 3.60 6,720 4.60 15, 500 | . 60 33,550
2.70 2,580 3.70 7,380 4.70 16, 900 .70 35, 700
2.80 1 2,910 3.80 8,080 4.80 18, 450 .80 37,900
2.90 3,270 3.90 8,820 4.90 20, 100 .90 40,150
3.00 3,650 4.00 9, 600 5.00 21, 800 . 00 42, 450
3.10 4,060 4.10 10,420 5.10 23,600 6.10 44, 800
3.20 4,510 4.20 11,280 5.20 25,450 . 20 47,200
3.30 5,000 4.30 12,190 5.30 27,400 i

T

The above table israpplicable only for open-channel conditions. It is based on three discharge meas-

urements made during 1905. Owing to the shifting character of the stream

the above table and on that following can only be considered rough approximqtions.

ed, estimates based on

Station rating table for Platie River near Columbus, Nebr., from June 1 ‘to October 31, 1905.

hgi};%et. Discharge. Ig%ggﬁt. Discharge. hgi;%% Discharge. hgﬁag % Discharge.

Feet. Sec.ft. Feet. Sec.ft. Feet. '| SecHl. Reet. Sec.-ft.
1.40 80 2.40 2,780 3.40 8,040 14 80 23, 300
1.50 260 2.50 3,180 3.50 8,780 5.00 26,350
1.60 460 2.60 3,600 3.60 9,570 5.20 20,600
1.70 670 2.70 4,040 3.70 10,420 5.40 32,950

' 1.80 900 2.80 4,500 3.80 11,330 5. 60 36, 500
1.90 1,150 2.90 4,990 3.90 12,280 15 80 40 150
2.00 1,430 3.00 5,520 4.00 13,280 6.00 44, 000
2.10 1,730 3.10 6,090 4.20 15, 450 6.20 48, 000
2.20 2,050 3.20 6,700 4.40 17,830 6. 40 52,150
2.30 2,400 3.30 7,350 4.60 20, 450

.

The above table is applicable only forropen-channel conditions. It is based oh six discharge measure-
ments made during 1905, and is fairly well defined between gage heights 1.8 feet;and 5 feet. Seenote to

precedire table.

Estimated monthly discharge of Platte River near Columbus, Nébr., for 1905.

[Drainage area, 56,870 square miles.]

I
Discharge in second-feet. ; Run-off.
‘ Totalin |
.| Second-feet i
Month. Maximum.! Minimum. | Mean. | 2cTe-feet ['pep square Depthin
| mile. .
March 17-31.. ... .o..cooiiilon 8,080 2,280 4,914 146,2005 0.086 0.048
April... 27, 400 1,758 7,800 464,100 .137 .153
MAY .o oen el 47,200 10,420 | 19,360 | 1,180,000 .340 .302
June..... ... ...l 51, 100 24,050 31,180 | 1,855,000 .548 .611
JULY <o 34,700 1,730 | 10,770 | 662,200 .189 .218
August.... .. ...l 8,040 0 3,217 197,800 057 . 066
September. ... .. ... ... 8,780 0 2,978 177,200 .052 . 058
October. ... ... .. .. ........... 3,180 0 604 37,140 011 .013
The period. .. ...oeenmie i e et 4,730,000" ... ooooonii i
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LOUP RIVER AT COLUMBUS, NEBR.

The Loup and its branches, which form the most important tributaries of the Platte, drain
an area 13,540 square miles in extent, lying in the heart of Nebraska. The Loup proper is
formed by the junction of North and Middle Loup rivers, which unite near the city of St.
Paul, the Middle Loup in turn receiving the South Loup in the southwestern part of Howard
County. The principal tributaries are Beaver, Cedar, Calamus, and Dismal creeks.

The country drained is generally rolling, with an occasional high plain or table-land. The
headwaters of the North and Middle Loup lie in a region of sand hills, among which are
found numerous lakes varying in size from small ponds up to those with an‘area of several
square miles. The immediate valleys of the streams are composed of alluvial deposits of
sand, gravel, and loam, with areas of yellow clay and fine sandy loam beyond. The region
abounds in springs, caused by the percolation of the precipitation through the sandy soil to
the impervious clays below, and this fact no doubt accounts for the remarkable constancy of
flow of the streams. The soil is generally fertile, and large quantities of hay, grain, etc., are
grown. The streams are subject to a succession of floods during the spring and early sum-
mer, the result of melting snows and heavy rainfall in the spring months. As a large part of
the area is grass grown, evaporation is considerable, averaging 5 feet.

A comparatively small amount of water is diverted for irrigation, the ditches generally be-
ing small and covering limited areas. A number of power plants are in operation, and others
of considerable extent have been proposed, particularly one near Columbus, by which it is be-
lieved that about 20,000 continuous horse-power may be developed.

The gaging station was established October 13, 1894. It is located about 75 yards above
the Union Pacific Railroad bridge and 6 miles above the mouth of the river, in sec. 23, T.17N.,
R.1W.

At the measuring section the river is straight for about 1.000 feet above and a considerable
distance below. The left bank is high; the right is low and overflowsat high water. The bed is
composed entirely of shifting sand. There is but one channel at all stages, and the current is
rapid. The channel is unobstructed. At the lower gaging station the river flows chiefly in a
deep channel near the right bank, obstructed by the piling of an old bridge a short distance
below the existing highway bridge. Gage heights range from 3 to 12 feet, excessive floods
being very rare and usually caused by ice gorges.

Discharge measurements are made by means of a cable and car. The initial point for
soundings is the zero-mark on the cable. In the spring of 1905 the cable at this station,
which consisted of a five-eighths inch steel wire, was broken by the ice. Later in the season it
was replaced by a new three-fourths inch steel cable. During the time that the cable was
out measurements were made from the highway bridge or from the Union Pacific Railroad
bridge near the station.

Two gages are maintained at this station—one a vertical staff spiked to piling at the cable,
the other a standard chain gage at the highway bridge 1§ miles below. The gage heights
here reported are those of the gage at the highway bridge, the observer being W. D. Benson.
The length of the chain is 24.50 feet. These gages are referred to two bench marks as fol-
lows: (1) A standard United States Geological Survey bench mark, located 72 feet east of
the upper gage; elevation 21.83 feet above the zero of the lower gage and 13.27 feet above the
zero of the upper gage. (2) A cross cut on the west end of the cap of the first bent at the
north end of the highway-bridge approach; elevation 10.91 feet above the zero of the lower
gage.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-Sup-
ply Papers):

Description: Ann 18, iv, p 182; Bull 131, p 32; 140, p 118; WS 15, p 97; 27, p 78; 37 pp 240-241; 50, pp
806-307; 66, p. 38; 84, p 55; 99, p 145; 131, pp 82-83. ’

Discharge: Ann 18, iv, p 182; Bull 131, p 91; 140, p 118; WS 15, p 97; 27, p 87; 35, p 16; 37, p 241; 50, p
307; 66, p 38; 84, p 56; 99, p 146; 131, p 84.
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Discharge, daily: Ann 18, iv, pp 183-184; 131, p 85.
Discharge, flood: Ann 18, iv, pp 184-186. *

241

Discharge, monthly: Ann 18, iv, p 187; 19,iv, p 332; 20, iv, pp 263, 294; 22, iv, p328; Bull 140, p120; W8

75, p 137; 84, p 57; 99, p 147, 131, p 86.
Discharge, yearly: Ann 20, iv, p 55.

Gage heights: Bull 140, p 119; WS 15, p97; 27, p 85; 37,p 241 50, p 307; 66, p39; 84, p 56; 99, p 146;

131 p 84. )
Hydrographs: Ann 18, iv, p 184; 19, iv, p 333; 20, iv, p 295; 22, iv, p 328,
Rainiall and run-off relation: Ann 20, iv, p 266.

Rating tables: Ann 18, iv, p 183; 19, iv, pp 331-332; Bull 140, p 119; WS 39, p 449; 84, p 57; 99, p 147,

Discharge measurements of Loup River at Columbus, Nebr. in;1905.

Date. Hydrographer. Width. é:;ao‘;f. velﬁﬁj gy. hg'é%i_ chDairsg’e.
Ft. per

) Feet. Sq. t. sec. Feet. Sec.-ft.
March 17....... H.C.Gardner. ... ................. 820 1,046 4.45 4.40 4,659
May 4... J.....do. .l 205 870 5.72 4.55 4,982
May 16........ .do. 740 2,162 5.96 5.90 12,890
June 21.. .do. 660 1,695 3.13 4.65 5,316
July 8......... 800 | 2,040 4.54 5.30 9,263
Tuly 14......... 540 1,144 3.60 4.80 4,126
August 12 .._..|.._..do..... 800 1,045 2.62 4.20 5,089
September 27. . 180 774 4.07 a4.03 3,153
October 13.....(.... d0 ..o 330 965 4.26 4.18 4,113

aNew rod; old rod read 4.30 feet.

N

oy
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Daily gage height, in feet, of Loup River at Columbus, Nebr., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec

4.3 4.6 5.2 6.85 4.8 4.4 4.25 4.2
4.4 4.55 5.0 6.25 6.8 4.35 4.4 4.15 |.
4.5 4.7 5.5 6.7 5.9 4.3 4.35 4.1
4.9 4.6 5.0 6.55 5.0 4.3 4.3 4.1
4.6 4.75 4.7 5.85 4.75 4.5 4.2 4.25 |........
4.4 4.85 4,65 5.7 4.4 4.6 4.2 4.5 ...
4.2 4.8 4.35 5.8 4.45 4.85 4.2 4.35 [........
4.1 4.7 4.25 5.4 4.5 4.85 4.2 4.3 4.5
4.2 4.75 | "4.45 5.22 4.4 4.55 4.3 4.3 5.7
4.3 5.6 4.35 5.0 4.35 4.5 4.3 4.35 5.7
4.3 5.0 4.6 4.95 4.35 4.45 4.3 4.35 5.75
4.2 4.9 4.6 4.9 4.3 447 43 4.4 5.7
4.2 5.8 4,55 4,75 4.3 4.45 4.35 4.4 5.8
4.3 6.35 4.45 4.5 4.25 4.95 4.4 4.45 6.5
4.4 6.9 4.5 5.0 4.3 5.5 4.4 4.35 6.0
4.3 5.8 4.6 4.95 4.55 5.1 4.6 4.35 5.95
4.3 5.4 4.7 4.85 4.45 4.95 4.5 4.35 5.85
4.3 5.0 4.6 4.8 4.6 5.25 4.45 4.45 |........
4.2 4.95 4.6 4.8 5.5 6.25 4.55
5.6 4.9 4.7 4.8 4.5 5.3 4.45
5.2 4.9 4.85 4.85 4.5 4.85 4.3
5.15 4.8 5.0 4.85 4.85 4.65 4.4
5.1 4.75 6.4 4.95 4.55 4.4 4.35
5.05 4.65 6.5 5.15 4.6 4.3 4.2
5.0 4.6 5.65 4.95 4.7 4.45 4.2
4.95 4.9 5.2 7.95 4.55 4.1 4.2
4.95 4.95 4.95 6.4 4.55 4.3 4.2
4.95 5.1 6.9 5.4 4.4 4.25 4.25
4.9 6.95 7.0 5.2 4.4 4.25 4.35
4.7 6.1 6.05 4.95 4.4 4.25 4.25

........ 575 [........| 45 44 ... 425

NOTE.—Gage height estimated April 22-27, inclusive.

inclusive.

River frozen November 30 to December 7,
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Daily discharge, in second-feet, of Lowp River at Columbus, Nebr., for 1905.

243

‘Day. } Mar Apr. | May. | June. | July. l Aug. | Sept. | Oct: Nov.
\ 3,950 | 5,400 | 8,700 | 19,020 | 6,700 | 5,000 | 3,180 3,670
4,400 | 5,150 | 7,500 [ 15,120 ) 19,190 | 4,700 | 3,910 3, 450
4,900 | 5,900 | 10,500 | 18,050 | 13,600| 4,420 | 3,750 3,210
6,950 | 5,400 | 7,500 | 17,080 | 8,270 | 4,380 | 3,580 3,210
5,400 | 6,150 | 5,900 | 12,600 | 7,000 { 5,300 | 3,200 3,900
4,400 | 6,675 | 5,650 | 11,700 | 5,300 | 5,770 | 3,250 5,100
3,500 | 6,400 | 4,175} 12,300 | 5,700 | 7,000 | 3,300 4,380
3,050 | 5,900 | 3,725 | 9,900 | 6,110} 6,960 | 3,350 4,110
3,500 | 6,150 | 4,650 | 8,370 | 5,7201 5,300 | 3,880 4,110
3,050 | 11,100 | 4,175 | 6,750 | 5,600 | 5,010 | 3,940 4,380
3,950 | 7,500 | 5,400 | 6,050 | 5,750 | 4,700 | 4,000 4,380
3,500 | 6,950 | 5,400 | 5,400 | 5,600 | 4,410 | 4,070 | 4,600
3,500 | 12,300 | 5,150 | 4,270 | 5,550 | 4,600 | 4,350 4,600
3,950 | 15,780 | 4,650 | 2,900 | 5,250 ‘l" 7,110 | 4,600 4, 850
4,400 | 19,350 | 4,900 | 5,220 | 5,450 ‘ 10,250 | 4,600 4,380
3,950 | 12,300 | 5,400 | 5,100 | 6,700 t 8,400 | 5,600 4,380
3,950 | 9,900 | 5,900 | 4,730 | 6,110 , 6,950 | 5,100 4,380
B P 5,400 | 3,950 | 7,500 | 5,400 | 4,650 | 6,850 ‘ 8,580 | 4,850 4,850
19 L 5,900 | 3,500 | 7,225 5400 | 4,800 | 12,100 , 14,600 | 5,330 4, 600
20t e e 6,950 | 11,100 | 6,950 | 5,900 | 4,920 | 6,200 | 8,710 | 4,850 4,600
2 5,900 | 8,700 | 6,950 | 6,675 5,310 | 6,150 ‘ 6,130 | 4,110 4,380
b 5,900 | 8,400 | 6,400 | 7,500 | 5,460 | 8,000 : 5,050 | 4,600 4,110
b S 5,400 | 8,100 | 6,150 | 16,100 | 6,130 | 6,300 ‘ 3,810 | 4,380 5,850
4,400 | 7,800 | 5,650 | 16,750 | 7,400 | 6,500 :\ 3,310 | 3,670 5,350
4900 | 7,500 | 5,400 | 11,400 | 6,430 | 7,000 | 3,950 | 3,670 5,850
4,900 | 7,225 | 6,950 | 8,700 | 25,800 | 6,110 | 2,400 | 3,670 5,100
. A 5,400 |- 7,225 | 7,225 | 7,235 | 15,450 | 6,050 ! 3,150 | 3,670 | 5,600
28 e 4,400 | 7,225 | 8,100 | 19,350 | 9,450 | 5,230.| 3,000 | 3,900 5,100
2 3,950 | 6,950 | 19,680 | 20,000 | §,430 | 5,170 | 3,050 | 4,380 2,600
B0 e e e 3,500 | 5,900 | 14,150 | 13,820 | 7,320 | 5,100 | 3,120 | 3,900 2,600
3 D 3,950 |........ 12,000 {......_. 4,970 | 5,050 |........ 3,900 |........

NoTE.—The daily discharge was obtained from a rating table March 17 to July 10; and by the indi-
rect method for the remainder of the year.

Estimated monthly discharge of Loup River at Columbus, Nebr., for 1905.

[Drainage area, 13,540 square miles.]

Month,

March 17-31.......... e

Discharge in second-feet. Run-off.
Total in
Second-feet
Maximum.| Minimum. | Mean. | 2¢Te-feet. | o quare | Depth in
mile. inches.

.- 6,950 3,500 5,017 149, 300 0.371 0.207
11,100 3,050 5,492 326, 800 . 406 .453
19,680 5, 150 8,665 532, 800 .640 .738
20, 000 3,725 8,117 483, 000 . 599 . 668
25, 800 2,900 9,067 557, 500 .670 L772
19,190 5,050 6,949 427, 300 .513 .591
14,600 2, 400 5,637 335, 400 .416 . 464
5,600 3,180 4,082 251, 000 .301 .347
5, 850 2,600 4,389 261, 200 .324 .362
D N (R 3,324,000 |.........oieiiiiaaas

‘NoTE.—No estimate for ice period.
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KANSAS RIVER DRAINAGE BASIN.
GENERAL FEATURES.

The drainage basin of Kansas river lies between the basins of the Platte and the Arkansas, -
entirely within the region of the Great Plains and extends through the arid, semiarid, and
humid regions. It extends from Eastern Colorado to Missouri river, a distance of 485 miles.

The country presents throughout the same general appearance so far as contour of surface
is concerned. It 'is a rolling prairie, through which the streams meander in winding courses
in broad, fertile bottoms flanked on either side by bluffs. In the eastern part of Kansas the
rivers are fringed with groves of timber; but to the west this becomes more and more scant,
practically disappearing at the ninety-ninth meridian.

The principal tributaries are Smoky Hill and Republican rivers, whose union forms the
main stream, and Blue River.

REPUBLICAN RIVER.
DESCRIPTION OF BASIN.

Republican River rises in the arid plains of Eastern Colorado, flows northeastward into
southwestern Nebraska, then eastward through the southern tier of counties to Superior,
where it turns to the southeast, enters Kansas, and about 2 miles northeast of Junction
unites with Smoky Hill River to form Kansas River. The length of the basin east and west is
approximately 360 miles, its greatest width is 120 miles, and the total area drained is
25,840 square miles. The river is wide and rather shallow, with a rapid descent, and the bed
is largely shifting quicksand of the most unstable character.

In the upper portion of its course the Republican receives many tributaries, chiefly from
the south. Nearly all of these flow through a region where the rainfall is less than 22 inches;
but as this part of the basin is covered with buffalo grass, which sheds rain like a roof, the per
cent of rainfall reaching the streams is great. Near the mouth the drainage area is very
narrow, and the tributaries are small and unimportant; but here the rainfall is 28 to 38
inches. Many small springs oceur along the main stream and its branches and the ground
water lies generally at medium depth. There are no lakes or marshes of any considerable ex~
tent in the area.

The soil of the middle part of the basin is a porous, sandy loam and about 55 per cent of
the land is under cultivation; along the lower course the soil is black loam and clay and
about 75 per cent of the land is cultivated. The rainfall in the lower basin is considered
sufficient for all growing crops and there are no irrigation works.

The Republican is subject to sudden rises and falls and occasionally overflows its banks.
The most notable flood since 1895, when the gaging station at Junction was established,
occurred in May and June, 1903. This covered all the low bottom lands and washed away
fences, houses, crops, railway tracks, bridges, stock, and everything movable.

Information in regard to the basin is contained in the following Annual Reports of the
United States Geological Survey: Eighteenth, Part IV, page 194; Twenty-first, Part IV,
page 219.

- REPUBLICAN RIVER NEAR BOSTWICK, NEBR.

This station was established June 6, 1904. It is located at a highway bridge 1 mile south
of Bostwick, Nebr., in sec. 23, T. 1 N., R. 8 W., and replaces a station established at Superior,
Nebr., in 1895. ) ’

The channel is straight both above and below the station. The left bank is high, but
the right bank is low and subject to overflow at high stages. The bed of the stream is
composed of shifting sands. The channel is somewhat obstructed by ice breakers and
piers, but not seriously so. -The current is never sluggish, even at low stages. Gage heights
have a range of about 10 feet

Discharge measurements are made from the bridge, which bas three 150-foot spans rest-
ing on tubular concrete piers. The initial point for soundings is the zero mark on the hand
rail in line with the south face of the north downstream pier. ’
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The gage was read during 1905 by M. A. McPherson, who lives one-fourth mile distant.
It is of the standard chain type and the length of the chain is 20.52 feet. The gage is
referred to bench marks as follows: (1) The top of the cast-iron bearing shoe at the north
end of the downstream truss of the north span; the shoe rests on rollers on the top of the pier
and has three openings, the east opening being the bench mark ; elevation, 15.75feet. (2) The
northwest cardinal point of the rim or edge of the cover plate of the pier at the south end
of truss described above; elevation, 15.80 feet. Elevations are above the zero of the gage.

A description of this station with gage height and discharge data is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 102-104.

Discharge measurements of Republican River near Bostwick, Nebr., in 1905.

Date. Hydrographer Width. ﬁeﬁ?o%t. vg%y. h(jﬁg%t. ch]z;?g:e.
Ft. per

Feet. 8q. ft. sec. Feet. Sec.-ft.
March 22 ... H.C.Garduner..........ooooeeuaa... 430 639 1.85 2.45 1,181
April20.. ... ). .. Aol 930 830 2.40 3.00 2,009
June7..... S I A0 420 585 1.78 2.55 1,045
July 6............... 0. 440 3,188 4.66 8.30 14,870
July 26.........|..... o Lo U 430 1,806 3.27 5.45 5,915
Angust 10 ... _[..... do...o....... 410 1,141 2.70 $. 08 3,082
September 30..| F. 8. Dobson 120 359 1.80 1.32 648

Daily gage height, in feet, of Republican River near Bostwick, Nebr., for 1905.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oect.
N

2.15 2.75 3.3 6.25 6.35 1.2 1.25
2.15 2.55 3.3 8.7 6.45 L2 . L15
2.2 2.5 4.1 9.3 6.9 1.9 1.15
2.15 2.45 3.7 10.4 7.3 1.9 1.15
2.15 2.45 2.9 9.5 5.65 1.9 1.1
2.15 2.35 2.65 7.65 5.3 1.9 1.1
2.5 2.35 2.55 55 | 5.5 L5 1.1
2.4 2.35 2.35 4.75 4.65 1.3 1.1
2.35 2.4 2.25 4.5 4.05 1.3 1.05
2.25 2.45 2.35 4.6 3.8 1.9 1.0
2.2 6.1 2.4 4.1 3.5 L3 1.0
2.2 2.7 2.5 3.6 3.05 1.3 1.0
2.1 3.0 4.0 3.35 2.8 1.1 .95
2.1 3.05 3.0 3.05 2.5 1.1 .95
2.1 3.15 2.7 2.9 2.35 1.1 .95
2.05 5.4 4.15 2.85 2.5 L2 1.0
2.1 4.1 4.55 2.8 2.65 1.1 .95
2.05 3.15 5.5 2.7 2.85 1.3 1.0
2.05 | 2.95| 3.8 2.65| 25| 12 1.0
2.0 2.7 3.5 4.1 2.15 1.4 1.05
2.25 2.5 3.0 2.5 2.0 1.45 1.05
2.05 2.45 2.85 2.4 1.85 1.4 1.05
2.2 2.35 5.2 2.35 1.75 1.35 1.1
2.45 2.45 5.75 2.25 (" 1.7 1.45 1.1
2.6 2.35 6.05 2.15 1.65 1.6 1.1
2.95 2.25 5.85 5.7 1.65 1.55 1.1
2.8 2.45 5.5 3.65 1.6 1.55 1.1
3.1 2.25 4.15 3.5 1.5 1.5 1.1
3.0 5.4 3.85 5.4 1.3 1.4 1.1
2.9 3.9 4,15 4,65 1.3 1.35 1.1

........ 3.7 |eoa.l] 49 1.3 |oeee.o L1




246 STREAM MEASUREMENTS IN 1905, PART VIIL

Station rating table for Republican River near Bostwick, Nebr., from June 6, 1904, to July 1, 1905.

hgiz et. Discharge. h(;iaéghet. Discharge. h(giag%s;. Discharge. hgriz i. Discharge.

Feet. Sec.-ft. Feet. Sec.ft. || Feet. Sec.t. Feet. Sec.ft.
1.00 110 2.10 845 3.20 1,995 4.60 1,090
1.10 160 2.20 930 3.30 2,120 1.80 4,450
1.20 215 2.30 1,020 3.40 2,250 5.00 4,820
1.30 275 2.40 1,115 3.50 2,385 5.20 5,210
1.40 335 2.50 1,210 3.60 2,555 5.40 5,610
1.50 400 2.60 1,310 3.70 2,670 ||  5.60 6,030
1.60 465 2.70 1,415 3.80 2,815 5.80 6,460
1.70 535 2.80 1,52 3.90 2,065 6.00 6,900
1.80 605 2.90 1,635 4.00 3,115 6.20 7,360
1.90 680 3.00 1,750 1.20 3,420
2.00 760 3.10 1,870 4.40 3,750

The above table is applicable only for open-channel conditions. It is based on six discharge measure-
ments made during 1904 and three made in 1905, and is well defined between gage-heights 1.5 feet and
3.5 feet. Estimates based on the above and following tables are liable to considerable error, owing to
the shifting character of the stream bed.

Station rating table for Republican Rivernear Bostwick, Nebr , from July 2to October 31, 1905.

h(e?iz%i. Discharge. hgi,; ?,. Discharge. hgz%&_ Discharge. h(giz %_ Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
1.00 40 2.60 1,750 1.20 3,850 6.60 8,860
1.10 500 2.70 1,860 4.30 4,010 6.80 9,460
1.20 560 2.80 1,970 4.40 4,170 7.00 10, 080
1.30 630 2.90 2,080 4.50 4,310 7.20 10,720
1.4 700 3.00 2,200 4.60 4,510 7.40 11, 400
1.50 770 3.10 2,320 4.70 4,680 7.60 12,120
1.60 850 3.20 2,440 4.80 4,860 7.80 12, 880
1.70 930 3.30 2,570 4.90 5,040 8.00 13,640
1.80 1,010 3.40 2, 700 5.00 5,220 5.20 14, 400
1.90 1,090 3.50 2,830 5.20 5,600 8.40 15, 200
2.00 1,180 3.60 2,970 5.40 6,000 8.60 16, 000
2.10 1,270 3.70 3,110 5.60 6,410 8.80 16, 850
2.20 1,360 3.80 3,250 5.80 6,840 9.00 17,750
2.30 1,450 3.90 3,390 6.00 7,300 9.20 18, 650
2.40 1,550 4.00 3,540 6.20 7,780 9.40 19, 550
2.50 1,650 410 |. 3,690 6.40 8,300

|

The above table is applicable only for open-channel conditions. It is based on four discharge meas-
urements made during 1905, and is poorly defined. See note to preceding table.
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Estimated monthly discharge of Republican River near Bostwick, Nebr., for 1905.

[Drainage ayrea, 23,270 square miles.]

Discharge in second-feet. Run-off.
. Total in
" Month. Second-feet :
Maximum.| Minimum. | Mean. | 3cre-feet. per square li):gﬁgs%n
1,210 930 1,082 21, 460 0.046 0.017
1,870 760 1,060 63,070 .046 .051
7,130 975 1,927 118, 500 .083 . 096
7,015 975 2,949 175, 500 127 .142
24, 500 1,315 5,734 352, 600 .246 .284
11,060 630 3,082 189, 500 .132 .152
1,090 500 725 43,140 .031 .035
595 410 479 29, 450 .021 .024 -
|

.................................. 993,200 f._.eiii|ieaaa

REPUBLICAN RIVER AT BENKELMAN, NEBR.

This station was established November 1, 1894, discontinued September 7, 1895, and
reestablished May 20, 1903, at a point some distance below the original location. It is
located about one-half mile east of Benkelman, Nebr., on the line between secs. 17 and 20,
T.1N., R.37W.

The river is nearly straight both above and below the station. The banks are low, but
seldom overflow. The bed is composed of shifting sand. The channel is slightly obstructed
by the piling of the bridge, on which considerable débris lodges at times of high water.
The current is never sluggish, even at low stages. Gage heights have a range of about 4
feet. It is impossible to obtain records of winter flow.

Discharge measurements are made from the upstream side of the highway bridge. The
initial point for soundings is the zero mark on the upstream hand rail at the east end of
the bridge.

The gage, which was read during 1905 by Leon L. Hines, is a vertical staff 6 feet long
spiked to the downstream side of the second bent from the west end of the bridge. The
gage is referred to five bench marks, as follows: (1) The top of the south end of the concrete
foundation for the west upright bent of the elevated track in the Burlington and Missouri
River Railroad yards; elevation, 16.14 feet. Nos. 2, 3,4, and 5 are, respectively, the tops
of the south ends of the first, second, third, and fourth bents from the west end of the
bridge; elevations, respectively, 6.88, 6.74, 6.34, and 6.19 feet above the zero of the gage.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-
Supply Paper):

Description: Bull 131, p 33; 140, pp 125-127; W8 99, pp 220-221; 131, p 95.

Discharge: Ann 18, iv, p 206; 20, iv, p 302; Bull 131, pp 33, 92; 140, p 126; WS 50, p 311; 84, p 113; 99,
p 221; 131, p 95.

Discharge, mean daily: WS 131, p 97

Discharge, monthly: WS 99, p 222; 131, p 98.

Gage heights: Bull 140, p 129; WS 99, p 221; 131, p 96.

Rating table: Bull 140, p 128; WS 99, p 222,
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Discharge measurements of Republican River at Benkelman, Nebr., in 1905.

" Date. Hydrographer. " | Width| B 00 | AR | RS | cnaree.
Ft. per

Feet. | Sq. ft. sec. '| Feet. Sec.-ft.
March 21.. . C. Gardner. 160 €1 1.16 1.20 171
May2._........|.... A0ttt 230 | G 2,26 1.35 156
June6.... ... |..... o Lo 45 34 1.79 1.25 61
July 5........ ... Ot 65 24 1.50 1.10 36
July31......... G.W.Bates..... ... e L 2.29 1. 40 160
Auvgust 28 ... H.C. Gardner....................... 2 6.7 1.60 .80 10
September 28. .| F. S. Dobhson...._ ... ... ......... 130 35 1. 40 1.10 49

Daily gage height, in feet, of Republican River at Benkelman, Nebr., for 1905.

) ¥
Day. Mar. | Apr. | May. | June. ‘1 July. | Aug. | Sept. | Oct.

|
R M .| s 13 1.4 1.3 | 1.2 0.8 1.2
U SR 1.5 1.25| 1.35| 1.4 .1 ... 1.2
B, U 1.35| 1.3 1250 1.25| 1.2 .8 1.2
‘ | 1.2 1.3 L2 1150 LIS | 1.2
1.3 1.3 125 11 1.05 |........ 1.2
.25 1.3 1.2 1.1 L2 1.05 1.2
125 1.3 L15| 11 1.1 1.1 1.2
1.3 1.4 11 118 1.05| 1.05 1.15
1.3 1.4 .15 1.25| 1.05| 1.3 1.1
1.35 | 1.4 1.3 1.25) 105 13 1.2
1.3 1.3 1.4 1.25| 115 1.2 1.2
1.3 1.3 .35 1.1 1.25 | 1.1 1.2
13 ! 13 .35 1.1 1150 1.2 1.2
1.3 ' 125 1.2 1.05| 1.05| 1.2 1.2
1.3 195 1.2 1.0 LO5| 11 1.3
1.3 1.25| 125 1.0 .05 | 1.2 1.2
125] 25 145| 11| 10 1.1 1.2
1.25| 1.3 1.35| 1.05| 1.0 1.2 1.2
1.25] 1.4 1.25| 1.0 951 1.3 1.2
1.3 1.3 1.2 11 95| 1.3 1.2
1.35| 1.35| 12 1.15 95| 1.2 1.25
1.3 1.3 1.4 1.2 95| 1.2 1.3
152 13 | 1r2 |- L15 8 1.2 1.25
1.75| 1.45| 1.2 1.15 8 1.1 1.95
1.5 145 L15] L1 8 1.2 1.25
1.4 1.4 1.2 L1 85| 12 1.25
1.2 1.3 1.4 1.2 1.1 95| 1.2 1.3
1.2 1.35| 1.4 115 1.35 8 1.2 1.35
1.1 1.4 1.6 115 1.35 .8 1.1 1.45
1.0 1.35| 1.5 115 18 | .78| 1.1 1.55
1.25 ... 1.4 |........ 1.3 75 | 1.6

SOUTH FORK OF REPUBLICAN RIVER AT BENKELMAN, NEBR.

This station was established November 1, 1894, discontinued September 5, 1895, and
reestablished May 20, 1903. It is located at the highway bridge about three-fourths of a
mile east of Benkelman, on the line between secs. 17 and 20, T. 1 N., R. 37 W, and is
about one-fourth mile above the mouth of the South Fork.

The channel is straight both above and below the station. The banks are low, but seldom
overflow. The bed is composed of shifting sand. The piling of the bridge obstructs the
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channel to a limited extent. The current is never sluggish, even at low stages. Gage
heights have a range of about 4 feet.

Discharge measurements are made from the upstream side of the highway bridge. The
initial point for soundings is the zero mark on the upstream hand rail at the east end of
the bridge. ‘

The gage, which was read during 1905 by Leon L. Hines, is a vertical staff 5.5 feet long
spiked to the upstream side of the first bent in the channel from the east bank of the stream.
It is referred to five bench marks, as follows: (1) The top of the south end of the concrete
foundation for the first upright bent of the elevated track in the Burlington and Missouri
River Railroad yards; elevation, 18.29 feet. Nos. 2, 3, 4, and 5 are, respectively, the tops of
the south ends of the first, second, third, and fourth bents from the west end of the bridge;
elevations, respectively, 6.62, 6.48, 6.38, and 6.20 feet above the zero of the gage.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-
Supply Paper):

Description: Bull 131, p 33; 140, p 130; WS 99, pp 222-223; 131, pp 98-99.

Discharge: Ann 18, iv, p 206; Bull 140, p 130; WS 50, p 311; 84, p 113; 99, p 223; 131, p 99.

Discharge, mean daily: WS 131, p 101.

Discharge, monthly: WS 99, p 224; 131, p 102.

Gage heights: Bull 140, pp 130-131; WS 99, pp 223-224; 131, p 100.
Rating table: WS 99, p 224.

Discharge measurements of South Fork of Republican River at Benkelman, Nebr., in 1905.

Date. Hydrographer. widtn,| Area of vg‘f:ggy_ hfji‘; e c}g‘rze.
Ft. per

Feet. | 8q.]t. sec. Feet. | Sec-ft.
108 7 . 1.8 177 140
210 73 1.52 1.65 111
60 25 1.36 1.30 34
100 29 1.91 1.40 51
85 44 1.63 1.45 72
August 28.....| H.C. Gardner... ... . . . e R 0
September 28..| F. S. Dobson._._...................... 75 16 1.28 1.20 21
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Daily gage height, in feet, of South Fork of Republican River at Benkelman, Nebr., for 1905.

Day. Mar. | Apr. ! May. Juneﬂ July. | Aug. | Sept. | Oct.
|

A PR 1.85 1.7 1.65 1.6 ) O T PR PR,
Y P 1.9 1.65 1.55 1.55 )0 T PN PR
N PR 2.05 1.65 1.5 | 1.6 DI T PR R,
L P I 1.95 1.7 1.45, 1.5 L5 |eooaiiiienaeans
2 P 1.9 1.7 1.35 1.4 1.4 135 | .....
2P S 1.8 1.6 1.35 1.4 1.835 | e feaeiaas
1.75 1.6 1.3 1.4 b S D
1.75 1.6 1.25 1.35 1.26 | o ooieeaaaals

1.75 1.65 1.35 1.35

1.75 1.7 1.85 1.25

1.75 1.7 1.6 | 12

155 1.7 1.55 1.2

1.5 1.5 1.35 1.15

1.4 1.55 1.35 1.1

1.4 1.55 1.3 1.0

1.4 1.55 13.5 1.1

1.5 1.5 2.2 1.0

1.45 1.45 1.7 1.1

1.45 1.6 1.6 1.0

1.55 1.7 1.55 1.0

3 R 1.85 1.6 1.4 1.2 1.1

1.5 1.75 1.55 1.15

1.8 1.45 1.45 1.1

2.1 1.45 1.45 1.1

2.25 1.45 1.35 1.1

2.05 1.65 1.35 1.1

2.05 1.65 1.35 1.05

2.0 1.6 1.25 1.1

1.8 1.75 1.25 1.2

1.75 1.65 1.25 1.8

........ 175 |oeoooo| LT

aChannel obstructed by sand August 14 to October 31.

Station rating table for South Fork of Republican River at Benkelman, Nebr., from March 17
to August 13, 1905.

hfiag%%ﬁ' Discharge. hgiag%et. Discharge. h%f%gllet. Discharge. h‘j{é%‘; Discharge.
Feet. Sec.ft. Feet, Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft.
1.00 5 | -1.40 52 1.70 123 2.00 215
1.10 10 1.50 73 1.80 152 2.10 249
1.20 21 L6o | 9% 1.90 183 2.90 283
1.30 35 | |
I |

The above table is applicable only for open-channel conditions.
urements made during 1905.

the shifting character of the stream beds.

It is based on six discharge meas-
Estimates based on this table are liable to considerable error owing to
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Estimated monthly discharge of South Fork of Republican River at Benkelman, Nebr., for 1905.

[Drainage area, 5,910 square miles.]
A

Discharge in second-feet. Run-off.
. Totalin |guo 3o
Month. 4 Second-feet
Maximum.| Minimnm. | Mean. acre-feet. per square ?r?(gfgsm
mile.
Mareh 17-31 249 96 159 4,730 | 0.027 0.015
April. ... .. 300 52 141 8,390 .024 027
May. . .o 137 52 100 - -6,149 .017 .020
June.. . i, 283 21 68.6 4,082 .012 .013
July ..o 152 5 3.4 2,177 . 006 . 0069
August 1-13_ ... ... 96 21 47.7 1,230 .0081 . 0039
The period .. ... o 26,760 . cceeeen e

REPUBLICAN RIVER AT JUNCTION, KANS.

This station was established April 26, 1895. It is located at the wagon bridge at the
north end of Washington street, Junction, about 2 miles above the mouth of the river.

The channel] is straight for about 300 feet both above and below the station and is broken
by three piers. The right bank is high, but the left is low and may overflow at high water.
The bed of the stream is sandy and liable to change. The flow is moderately rapid. The
flood of 1903 cut a new channel, about 220 feet wide, north of the wagon bridge, and for a
time this carried most of the water. This channel was at first bridged by a pile bridge,

but later it was filled, so that now all the water flows in the old channel. The slope of the
river at the gage October 3, 1905, was 0.0024544 foot per foot for a distance of 658 feet.

Discharge measurements are made from the downstream side of the bridge, to which the
gage is attached. The initial point for soundings is at 'the south end of the bridge.

The gage, which was read during 1905 by J. H. Rathert, is in two sections. The first
_section is an inclined timber, graduated from zero to 11 feet, spiked to a pile and to a large
_ cottonwood tree; the second section is graduated from 11 to 25 feet, and spiked in an
upright position to a large cottonwood tree. The gage is referred to bench marks asfollows:
(1) A spike driven into the west side of an 18-inch cottonwood tree standing 10 feet west
of the bridge on the right bank of the river; the spike is about 2 feet above the ground
and has an elevation of 12.36 feet above the zero of the gage. (2) The top of a stone, marked
with a cross and the letters “B. M.,” at the base of the abutment south of No. 3; elevation,
14.28 feet above the zero of the gage.

This station was discontinued October 31, 1905.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-Sup-
ply Paper):

Description: Ann 18, iv,p 203; Bull 140, pp 136-137; WS 16, p 109; 27, p 90; 37, p 248; 50, 313; 66, p 43;
84, p100; 99, D 214; 131, p 105. ‘

Discharge: Ann 18, iv, p 204; Bull 140, p 137; WS16, p 109; 27 p 95; 37, p 248; 50, p 313; 66, p 43; &4,
P 100; 99, p 214; 131, p 105.

Discharge, monthly: Ann 18, iv, p 205; 19, iv, p 340; 20, iv, pp 312, 318; 21, iv, p 221; 22, iv, p 333; Bull
140, D 1385 WS 75, p 141; 84, p 102; 9, D 216; 131, p 105.

Discharge, yearly: -Ann 20,iv, p 55. - - o :

Gage heights: Bull 140, p 137; WS 11, p 57; 16, p 109; 27, p 92; 37, p 249; 50, p 314; 66, p 43; 84, p 101;
99, p 215; 131, p 106.

Hydrographs: Ann 18, iv, p 204; 19, iv, p 340; 20, iv, p 318; 21, iv, p 221; 22, iv, p 333; WS 75, p 141.

Rainfall and run-off relation: Ann 20, iv, p 313.

Rating tables: Ann 18, iv, p 205; 19, iv, p 339; WS 27, p 96; 39, p #49; 52, p 517 66, p 171; 84, p 101; 99
p 215; 131, p 107.

IRR 172—06——17
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Discharge measurements of Republican River at Junction, Kans., in 1905.

Date. Hydrographer. Width. s‘%z?ilogt. vgldo%%tny. ’ hg’i; gc. ch]i;*sg-e.
Ft. per
Feet. | Sq. ]t sec. Feet. Sec.-ft.
163 410 3.33 4.20 1,368
163 389 2.97 4.10 1,156
186 557 3.98 4.70 2,219
248 1,964 4.57 8.70 8,973
26| 1,887 4.6 8.45 8,421
313 1,051 3.46 5.70 3,641
248 858 3.43 5.30 2,941
248 446 2.17 3.65 969
Daily gage height, in feet, of Republican River at Junction, Kans., for 1905.
Day. Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct.
!
3.9 4.1 7.42 4.0 4.65 7.98 7.4 8.28 4.0 3.8
3.9 4.1 6.1 4.0 4.95 6.75 9.3 7.55 3.98 38
3.9 4.1 5. 95 4.0 4.88 5.5 10.65 7.45 3.9 3.8
4.05 4.1 5.65 4.0 4.68 5.7 11.0 7.85 3.9 3.7
4.1 3.9 5.48 3.95 4.58 6.5 11.1 7.88 3.92 3.6
4.1 3.8 5.48 3.95 4.4 6.12 ] 11.2 8.55 41 3.6
4.1 3.7 512 3.95 4.4 5.9 12. 55 8.58 4.1 3.58
4.02 3.5 4.78 3.92 4.4 5.18 | 15.3 7.45 4.28 3.52
3.88 3.2 4.68 3.9 6.3 4.85 | 12.25 6.95 4.35 3.5
3.85 3.2 4.5 3.9 5.45 4.65 7.65 6.4 4.35 3.5
3.85 3.2 4.42 4.02 4.42 4.6 7.2 59 | 415 3.5
3.85 3.2 4.3 4.15 4.4 4.6 6.5 5.65 4.05 3.5
3.85 3.15 4.3 4.08 5.35 4.35 6.3 5.5 4.0 3.5
3.85 3.15 4.22 4.08 7.15 4.08 6.0 5.4 4.15 3.45
3.85 3.15 4.15 3.9 5.45 4.15 5.6 5.28 4.02 3.4
3.85 3.15 4.25 3.85 4.8 4.9 5.4 5.5 4.0 3.4
3.85 3.15 4.28 3.8 4.9 5.6 4.8 52 3.9 3.4
3.85 3.15 4.3 3.8 5.45 5.05 5.02 5.05 3.9 3.35
3.85 3.15 4.3 3.75 7.35 5.1 4.7 4.9 3.82 3.4
C3.92 3.15 4.3 3.7 6.1 6.85 4.65 4.88 3.8 3.4
3.98 4.75 4.32 3.7 5.35 7.55 4.6 5.05 3.75 3.4
4.08 5.9 4.38 3.78 5.02 6.35 5.3 5.0 3.72 3.4
4.1 6.2 4.4 3.8 4.72 5.95 6.35 4.6 3.68 3.4
4.1 5.85 4.25 3.9 4.55 8.55 5.68 4.5 3.75 3.4
4.1 5.45 4.38 4.62 9.0 8.1 4.8 4.4 3.8 3.4
4.1 5.22 4.35 4.45 7.7 8.7 5.15 4.4 3.65 3.4
4.1 7.05 4.32 4.5 6.1 8.35 5 4.4 3.65 3.4
4.1 7.2 4.28 5.25 5.52 8.3 9.0 4.3 3.65 3.4
4.1 ... 4.2 5.22 5.35 | 11.15 8.65 4.28 3.8 3.4
300 I 35 R PO, 4.0 4.95 6.4 9.3 8.48 4.15 3.85 3.45
) S 41 [........ 4.0 |........ 90 |........ 7.7 4.08 [........ 3.5
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Station rating table for Republican River at Junction, Kans., from January 1 to May 13, 1905.

hgiz e{;. Discharge. hgi’;%%. Discharge. hgiag%‘::. Discharge. Ig;i" et_ ; Discharge.

Feet. Sec.ft. Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft.
3.10 250 || © 4.20 1,320 5.30 2,950 6.40 4,730
3.20 310 4.30 1,460 5.40 3,100 6.50 4,905
3.30 380 4.40 1,600 5.50 3,250 6. 60 5,085
3.40 460 4.50 1,750 5.60 3,400 6.70 5,265
3.50 550 4.60 1,900 5.70 3,560 6.80 5,450
3.60 650 4.70 2,050 5.80 3,720 6.90 5,640
3.70 750 4.80 2,200 5.90 3,880 7.00 5,830
3.80 850 4.90 2,350 6.00 4,050 7.20 6,230
3.90 960 5.00 2,500 6.10 4,220 7.40 6,650
4.00 1,080 5.10 2,650 6.20 4,390
4.10 1,200 5.20 2,800 6.30 4,560

The above table is applicable only for open-channel conditions.

ments made during the first part of 1905, and is fa.rly well defined.

It is based on five discharge measure-

Station rating table for Republican River at Junetion, Kans., from May 1} to October 31, 1905.

hgi&g%‘i. Discharge. hﬁ’%{i’l‘i' Discharge. ! h(:l;%et. Discharge. h(é}lz%le';. } Discharge.

Feet. Sec.-ft. Feet. Sec.-ft. ‘ Feet. Sec.-ft. Feet. Sec.-ft.
3.20 600 +4.70 2,210 6. 40 4,730 9.40 11,660
3.30 680 4.80 2,340 6.60 5,085 9.60 12,230
3.40 760 4.9 2,470 6.80 5,450 9.80 12,830
3.50 850 5.00 2,600 7.00 5,830 10.00 13,450
3.60 950 |} 5.10 2,735 7.20 6, 230 10. 50 15,020
3.70 1,050 || 5.20 2,870 7.40 6,650 11.00 16, 700
3.80 1,150 ! 5.30 3,010 7.60 7,080 11.50 18,450
3.90 1,250 5.40 3,150 7.80 7,525 12.00 20, 200
4.00 1,360 5.50 3,295 8.00 7,995 12. 50 22,200
4.10 1,470 5.60 3,440 8.20 8,480 13.00 24,200
4.20 1,580 5.70 3,590 8.40 8,980 14,00 28,700
4.30 1,700 5.80 3,745 8.60 9,490 15.00 33. 700
4.40 1,820 5.90 3,900 8.80 10,010
4.50 1,950 6.00 4,060 9.00 10, 550
4. 60 2,080 6.20 4,390 9.20 | 11,100

}

The above table is applicable only for open-channel conditions. It is based on six discharge meas-
urements made during 1905 and five during 1904, and is fairly well defined. The table has been

extended beyond these limits.
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Estimated monthly discharge of Republican River at Junction, Kans., for 1905.

[Drainage area, 25,840 square miles.]

Discharge in second-feet. . Run-off.

Totalin | .. 2. .
Month. Second-feet
Maximum.| Minimum. | Mean. | cTe-feet. | oy sqluare ?ﬁ‘gﬁ}gsm
JANUATY .. oo 1,200 905 | 1,056 64,930 0.0411  0.047
February ..o ooiiiiio.. 6,230 280 1,562 86,750 . 060 . 062
6,692 1,080 2,043 125,600 .079 .091
2,875 750 1,233 73,370 .048 . 054
10,550 1,600 | 3,580 | 220,700 .139 .160
17,220 1,448 5,184 308,500 .201 .224
35,350 2,080 | 8,550 | 526,300 .331 .382
9,43y 1,448 | 4,048| 248,900 .187 .181
September.......... 1,760 1,000 1,203 76,940 .050 056
October......................... 1,150 720 l 847 52,080 .033 .038
The period... ... .. ...\ I 1,784,000 ... I
I \

NoTE.—Ice conditions uncertain; discharge applied as for open channel.
MISCELLANEOUS MEASUREMENT.

July 18, 1905, a measurement of the North Fork of Republican River at Benkelman,
Nebr., gave the following results: Area of section, 70 square feet; mean velocity, 2.29 feet
per second; discharge, 160 second-feet.

SMOKY HILIL, RIVER. «
DESCRIPTION OF BASIN.

Smoky Hill River rises near the boundary between Kansas and Colorado, pursues a wind-
ing, but on the whole easterly, course through Kansas, and near Junction unites with
Republican River to form Kansas River. Its length is 335 miles and the extreme width
of its basin is about 100 miles. The river runs close to the northern border of the Arkansas
basin, and its chief tributaries are from the north. Solomon and Saline riversare the most
important, the former draining the northern part of Kansas and the latter the terntory
between the Solomon and the Smoky Hill.

The headwater region is a rolling, upland prairie, sparsely timbered along the streams
with cottonwood, box elder, hackberry, elm, and willow trees. To the east the stream is
bordered by bluffs rising from 100 to 250 feet above the bottoms. The middle portion of the
basin is an undulating prairie, well adapted to stock raising and farming. The eastern sec-
tion is a rich agricultural country, the soil being a black, sandy loam, which produces large
and varied crops. There are no lakes or marshes in the area.

The precipitation varies from about 12 inches, in the extreme western part of the basin,
to 30 inches in the eastern part. Nearly all of this is rain which falls during the growing
season. The snowfall is generally light, is very dry, and never causes any high water.
There is an abundant supply of underground water in the western part of the area, but as
a rule it is deep. In other sections the supply is good. Numerous springs occur along
the banks of the river and its tributaries. There are several good dam sites in the basin,
but the flood water carries so much sand and silt that any reservoir would soon fill up.

Floods seldom occur in the upper and middle sections of the river, but in the lower part
they are more frequent. The most notable flood in the upper river was that in July, 1895,
but this did little damage farther down. The great floods in the lower river occurred in,
1903 and 1904. 'The 1903 flood did much damage.
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Information in regard to the basin is contained in United States Geological Survey pub-
lications as follows: Eighteenth Annual Report, Bart IV, page 207; Twenty-first Annual
Report, Part IV, page 223; Bulletin No. 140, page 138.

SMOKY HILL RIVER AT ELLSWORTH, KANS.

This station was established April 16, 1895. It is located at the highway bridge on
Douglass avenue, Ellsworth, Kans.

The channel is straight above and below the station at high water, but at other times is
slightly curved. Both banks are low, wooded, and subject to overflow. The bed of the
stream is composed of sand and is free from vegetation and shifting. The current is medium
at low and swift at high stages. The slope of the stream above the gage is 1.44 feet in 2,536
feet, or 0.000568 foot per foot.

Discharge measurements are made from the downstream side of the bridge, which is 293
feet long between abutments and consists of three spans. The initial point for soundings
is at the noth end of the bridge, downstream side. :

The gage, which was read during 1905 by Thomas Coyne, is in two sections. The first
section is an inclined timber, graduated from zero to 4 feet, securely fastened to the iron
pier of the bridge and to posts driven into the bed of theriver. The second section is gradu-
ated from 3.7 to 21 feet, and spiked to the same pier. The gage is referred to bench marks
as follows: (1) A nail driven into the base of a box elder tree near the southeast corner of
the bridge, 90 feet from the gage: elevation above the zero of the gage, 13.07 feet. (2) The
top of a nail driven into the root on the north side of an elm tree 2 feet in diameter about
45 feet west of bench mark No. 1; elevation about 11.34 feet above the zero of the gage.

Information in regard to this station is contained in the following publications of the
United States Geological Survey. (Ann.=Annual Report; Bull.=Bulletin. WS.=Water-
Supply Paper):

Description: Ann 18, iv, pp 212-213; Bull 140, p 142; WS 16, p 114; 27, p 90; 37, p 251; 50, p 316; 66, p
45; 84, p 110; 99, p 230; 131, pp 108-109.

Discharge: Ann 18, iv, p 213; Bull 140, p 143; W& 16, p 114; 27, p 95; 57, p 251; 50, p 316, 66, p 45; 8¢ p
110; 99, p 231; 131, p 109. ’

Discharge, monthly: Ann 18, iv, p 214; 19, iv, p 347; 20, iv, p 315; 21, iv, p 225; 22, iv, p 336; Bull 140,
p 143; WS 75, p 143; 84, p 112; 99, p 232; 131, p 111.

Discharge, yearly: Ann 20, iv, p 56.

Gage heights: Bull 140, p 143; WS 11, p 58; 16, p 114; 27, p 93; 37, p 252; 50, p 317; 66, p 45; 84, p 111;
99, p 231; 131, p 109, ]

Hydrographs: Ann 18, iv, p ©15; 19, iv, p 347; 20, iv, p 315; 21, iv, p 226; 22, iv, p 336.

Rating tables: Ann 18, iv, p 214; 19, iv, p 346; WS 27, p 96; 39, p 449; 52, p 517; 66, p 172; 84, p 111; 99,
p 232; 131. p 110.

Discharge measurements of Smoky Hill River at Ellsworth, Kans., in 1905.

: Area of Mean Gage Dis-
Date. Hydrographer. Width. section. | velocity. heié%t. charge.
Ft. per | -
Feet. 8q. ft. sec. Feet, Sec.-ft.
July 21........] W.G. Russell.._ .. ..............:.. 57 80 2.04 1.55 163
August 14.....0..... [ 1« 150 206 1.73 2,25 356
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Daily gage height, in feet, of Smoky Hill River at Ellsworth, Kans., for 1905.

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct.
1.8 0.9 1.4 4.0 9.15 2.8 0.9 0.9
1.6 .9 1.3 3.2 6.4 3.6 9 .9
1.5 .95 1.3 2.8 6.0 3.2 9 .85
15 .9 1.2 3.0 5.0 2.6 .0 .85
1.4 .9 1.15 2.6 5.8 2.25 .98 .85
1.4 9| L1 | 23| 43| 22| 13 .85
1.3 .85 1.05 2.1 4.6 2.1 1.1 .85
1.25 .8 1.0 2.0 3.4 1.9 1.0 .85
1.2 .85 8.5 1.8 3.0 1.8 1.0 .85
1.2 .85 2.7 1.7 2.7 1.7 1.0 .85
1.2 .85 1.8 1.65 2.6 1.6 1.0 .8
1.15 .8 1.6 1.6 2.4 1.5 .95 .8
1.15 .8 1.5 1.55 2.3 6.0 .95 .8
1.1 .8 135 1.5 3.2 4.3 .95 .8
1.1 .85 1.3 1.4 2.4 3.6 1.0 .75
1.05 .85 1.3 2.2 2.1 3.4 1.0 .75
1.05 .8 1.25 1.7 1.9 2.6 1.0 75
1.15 .8 1.2 1.7 ’ 1.7 2.0 1.0 75
1.15 .85 | 1.25 1.6 1.6 1.7 .95 .75
1.1 .9 1.2 1.8 1.5 1.8 .95 .75
1.1 .Q 1.2 1.6 1.55 | 1.55 .95 .75
1.1 .9 1.2 1.5 1.65 1.5 .9 7
1.05 85| 1.2 1.4 1.9 1.5 .9 7
1.05 .9 1.4 1.9 1.85 1.4 .95 N
1.05 .95 2.5 1.7 1.6 1.35 .95 .9
1.0 .95 1.8 1.5 1.6 1.2 .95 .9
1.0 95| L6 1.45] 1.5 1.1 .95 .85

.95 1.0 8.5 1.4 1.4 1.1 .95 .85
.95 1.5 4.4 1.8 1.6 1.05 .9 .85
.95 1.45 3.6 8.4 1.7 1.05 .9 .85
Pt I R 3.1 feaea.-. 1.7 1.0 foo..... .85

NoTE.—River frozen January 1 to February 18.
BEAVER RIVER (LADDER CREEK) NEAR SCOTT CITY, KANS.

Beaver River rises in eastern Colorado and flows southeastward, eastward, and then
northward to its junction with Smoky Hill River. Its basin, which lies entirely within the
Great Plains and chiefly in the arid belt, has a length, east and west, of about 90 miles and
an extreme width of not over 25 miles, the total area, measured at the mouth, being 1,464
square miles. The stream has no mountain tributaries but depends for its supply on the
precipitation, which ranges from an annual average of about 12 inches at the source to 18
inches near the mouth. There is very little timber in the basin and that is of poor quality.
Throughout its middle and lower course the stream flows in a narrow valley between hills 150
to 200 feet high, affording sites for dams and reservoirs; but the dams would be long and
expensive and the supply of water from the basin would be insufficient. The tributaries are
few and small and furnish little water except in the wet season. Along the lower course of
the creek there are very fine springs which furnish water for a small amount of irrigation.

The gaging station was established May 18, 1904. It is located about 18 miles north of
Scott City, Kans., at the Hatheway ranch, about 250 yards southwest of H. H. Hatheway’s
résidence.

At low water the channel is very crooked, but after the water covers the bottom the chan~
nel is straight for about 100 feet above and below the station. The right bank is high and
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wooded and does not overflow; the left bank is low and wooded and overflows at high
water. The bed of the stream is composed of mud and is covered with vegetation and per-
manent. There is but one channel at all stages. A heavy growth of willows and other
small brush along the channel prevents very accurate measurements.

Discharge measurements are made at low water by wading; at high water the flow must
be computed from the cross section and slope, both of which were taken at the time the gage
was established. The initial point for soundings is at the right bank. '

The gage, which was read daily by James H. Drain, is a staff, spiked in a perpendicular
position to a willow tree on the left bank. The bench mark is the top of a nail driven into
the root of a willow tree about 8 inches in diameter, located on the right bank of the creek
about 20 feet northeast of the gage; it is near the surface of the ground and has an elevation
of 3.04 feet above the zero of the gage.

A description of this station, with gage-height and discharge data, is contained in Water-
Supply Paper No. 131 of the United States Geological Survey, pages 112-113.

A discharge measurement of this creek, made May 18, 1905, by W. G. Russell, gave the
following results: Width, 6 feet; area of section, 5.4 square feet; mean velocity, 1.69 feet per
second; gage height, 1.30 feet; discharge, 9.1 second-feet.

Daily gage height, in feet, of Beaver River (Ladder C'reck) near Scott City, Kans., for 1905.

Day. Jan. | Feb. | Mar. | Apr. |, May. | June. | July.| Aug. | Sept.| Oct. | Nov.
R 1.7 1.7 1.8 .75 3.0 3.0 4.8 8.0 L5 1.5 1.5
2 1.7 1.7} 1.8 1.6 2.9 2.0 6.0 3.0 L5 L& 1.5

1.7 1.8 19 1.6 2.9 1.5 5.5 2.5 1.5 L5 2.0
1.7 18] 2.0 1.7 2.8 1.0 4.5 2.5 L5 1.5 2.0
L7 20| 1.6 1.7 2.75 1.0 4.0 2.0 2.0 L5 2.0
L7 2.0 16 1.7 2.65 1.0 3.0 1.5 2.5 L5 L5
1.7 2.0| L6 1.7 2.0 1.0 2.0 L5 6.0 L5 L5
1.8 20| 16 1.7 2.0 1.0 2.0 1.5 5.5 1.5 1.5
1.8 2.0 L7 1.8 2.0 1.0 1.5 1.5 2.5 L5 1.5
1.8 2.0 | L7 1.8 1.95 1.0 1.5 1.5 2.5 15 1.5
1.8 2.0 L7 19 .} 18 4.0 1.5 1.5 2.5 1.5 2.0
1.8 20| 20 1.9 1.75 3.0 1.5 2.0 25| "15 2.0
1.9 20 2.0 1.9 1.6 2.5 L5 L5 2.5 15 L5
20} -2.0| 2.0 L9 |-13 2.0 15 1.5 2.5 L5 L5
2.0 2.0 2.0 1.9 1.3 1.5 15 L5 2.0 L35 15
1.1 2.1, 2.0 195 1.3 1.5 1.5 1.5 2.0 L5 15
L1 21| 20 1.95| 1.3 15 1.5 1.5 2.5 1.5 1.5
1.1 2.1| 20 1.95| 1.3 1.5 L5 1.5 2.5 L5 L5
1.9 2.2 L9 195 | 1.3 L5 L5 15 2.5 L5 15
19 2.2 1.9 2.0 1.3 4.0 1.5 1.5 2.5 L5 1.5
1.8 2.2 L9 2.0 1.3 3.0 1.5 1.5 L5 L5 1.5
1.8 2.2 1.8 | 2.0 1.3 1.8 L5 L5 1.5 1.5 1.5
1.8 2.2| L8 2.0 1.3 1.5 L5 L5 15 L5 15
1.7 2.2 | L8 2.0 6.0 15 3.5 1.5 1.5 1.5 1.5
1.7 2.2| 1.8 2.3 4.0 15 2.0 L5 1.5 1.5 1.5
1.7 1.6 | 1.8 2.3 3.0 1.5 2.0 15 1.5 L5 L5
1.7 1.6 | 1.8 2.5 2.5 1.5 L5 1.5 2.0 1.5 1.5
17 1.6 | 1.8 2.6 6.5 1.5 3.5 1.5 2.0 L5 1.5
L7 |eeeaa.. L751 2.9 6.5 1.5 2.5 15 2.0 1.5 15
L7 |oeeon.. 175 3.¢ 5.0 5.0 4.5 L5 2.0 1.5 1.5
| P PO, L75 |....... 4.3 ... 3.0 L5}....... L5 oeen..




258 STREAM MEASUREMENTS IN 1905, PART VIIL.

KANSAS RIVER.

DESCRIPTION OF BASIN.

Kansas River as such is a comparatively short stream, being formed by the union of
Smoky Hill and Republican rivers in Geary County, Kans., whence it flows eastward, enter-
ing the Missouri at Kansas City, Mo.

The immediate basin, which comprises the richest portion of the State of Kansas, consists
of bottoms and rolling uplands, well timbered with oak, cottonwoed, ash, elm, hickory, ete.
The section is under a high state of cultivation and produces a great variety of crops.

The river flows through a rich alluvial bottom land. The banks are sandy and easily cave
in. In places the bed contains rock and bowlders, but in general it is composed of sand and
at many points of quicksand. The channel as a rule hugs one bank or the other and is some-
what shifting. Islands are formed here and there by the deposit of sediment during high
water, drift lodges upon them, and a thick growth of brush, mainly cottonwood, soon springs
up. At Topeka the river is 900 feet wide between banks. At ordinary low water the chan-
nel occupies 150 to 200 feet of this width and has a depth of 8 to 9 feet; at mean high water
the average depth of the water is probably 10 feet for the entire distance between banks.

The most important feeder of the Kansas below the junction of Smoky Hill and Republi-
can rivers is the Blue, which rises in southeastern Nebraska, flows to the southeast and south
into Kansas, and joins Kansas River at Manhattan. The principal tributary of the Blue is -
the Little Blue, which rises in southern Nebraska, flows southeastward, and unites with the
main stream near Blue Rapids. The Blue runs through a bottom land 1} miles wide, bor-
dered by blufts 300 feet high. The banks are of loam and range in height from 10 to 30 feet.
The bed is sandy and gravelly, with many limestone ledges. In its lower course the river is
about 250 feet wide, and at medium low water has a depth of perhaps 4 feet and a moderate
current. The soil of the basin is chiefly a sandy loam with some clay and is generally por-
ous; the region is in a high state of cultivation.

Both the Kansas and the Blue have periods of high water nearly every year, but disas-
trous floods are rare. The most notable flood on record is that which occurred in May and
June, 1903, when the water covered all the low bottom lands, destroying many lives and
millions of dollars worth of property.

There are no irrigation projects in the basin, as it is claimed that the rainfall is ample and
timely. Good natural dam sites are lacking.

Information in regard to the basin is contained in the following publications of the United
States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-Supply
Paper): ’

Altitudes in: Bull 140, p 124.

Description: Ann 18, iv, p 194; 18, iv, p 215; 19, iv, pp, 337-338; 20 iv, pp 304-305; 21, iv, p 228; 22, iv,
P 331; Bull 131, pp 32-33; 140, pp 123-125; WS 75, p 140; 84, p 95; 99, p 208; 131, pp 87-88.

Drainage areas: Bull 140, p 124.

Rainfall and river stations, map: Ann 29, iv, p 305.

Rainfall and run-off relation: Ann 20, iv, p 313.

Rainfall data: Ann 20, iv, pp 305-313.
See also WS 74. -
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KANSAS RIVER AT LECOMPTON, KANS..

This station was established April 16, 1899. It is located at the new wagon bridge at
Lecompton, Kans.

The channel is somewhat curved at the bridge and has a width of 800 feet, broken by four
metal piers. The bridge is slightly oblique to the direction of the current. The left bank is
low and subject to overflow during high water. The bed of the stream is composed of sand,
with some rock, and changes slightgly.

Discharge measurements are made from the bridge to which the gage is attached. The
initial point for soundings is at the first set of piers at the south end of the bridge.

The gage was read during 1905 by A. D. McAdow. The original gage having been broken,
a new gage was established June 24, 1900. Later a pine board 10 feet long was spiked on top
of the old gage, at the same elevation. November 5, 1904, a new gage was put in. This
gage is in three sections. The first section is a pine board, graduated from zero to 3 feet,
spiked to a pile 23 feet north of the initial point; the second section is painted on the down-
stream pier of the second set and graduated from 3 to 10 feet; the third section is painted on
the upstream pier of the first set and is graduated from 10 to 29.5 feet. October 26, 1900,
a bench mark was established on top of the bottom flange of the iron strut connecting the
two iron cylinders at the south end of the highway bridge over the river; the bench mark is at
the west end of the strut, next to the cylinder; its elevation is 12.19 feet above the zero of the
gage.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; WS=Water-Supply Paper):

Description: Ann 18, iv, pp 218-219; WS 37, p 253; 50, p 318; 66, p 46; 84, p 95; 99, p 208; 131, pp 91-92.

Discharge: WS 27, p 95; 37, p 253; 50, p 318; 66, p 46; 84, p 96; 99, p 209; 131, p 92.

Discharge, monthly: Ann 21, iv, p 228; 22, iv, p 338; WS 75, p 144; 84, p 97; 99, p 211; 131, p 94.

Gage heights: WS 11, p 59; 37, p 254; 50, p 319; 66, p 47; 84, p 96; 99, p 209; 131, p 92.

Hydrographs: Ann 21, iv, p 229; 22, iv, p 338; WS 75, p 144.

Rating tables: WS 39, p 449; 52, p 518; 66, p 172; 84, p 97; 99, p 210; 131, pp 93-94.

Discharge measuremenis of Kansas River at Lecompton, Kans., in 1905.

Date. Hydrographer. Width. ;‘;2%?0‘1)1{. ve?ldoec%?y. hSiZ%let. chgig-eu
Ft. per

Feet. | Sq. f. sec. Feet. Sec.ft.
April14........ W. G. Russell............ S, 744 2,104 2.55 3.20 5,366
May27........0..... 6 Lo 778 6,164 3.39 7.80 20,920
May 28.......|..... L Lo J 771 5,546 3.39 7.00 18,800
June 5......... Murphy and Russell........_....__. 767 5,065 3.02 6.55 15,310
June28..._.... W.G Russell. ..o ioo... 777 5,347 3.74 7.55 20,000
July9......... J. C.8tevens. ..o oiiiiiiiiai 801 9,866 5.00 12.35 49,310

August 4...... 764 4,573 3.34 6. 60 15,2,
September 22a_ .- 774 4,999 1.91 7.40 Y,535
October 9......i..... . - 644 1,497 2.22 3.30 3,330

a Affected by backwater of Delaware River.
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Daily gage height, in feet, of Kansas River at Lecompton, Kans., for 1905.

Day. Jan. | Feb. | Mar. | Apr.| May. | June. | July.| Aug. | Sept.| Oct. | Nov.| Dec.

i
1.9 4.1 7.7 4.6 4.2 9.0 9.9 7.3 4.1 5.6 { 2.6 4.6
E
|
|
|
i

19 4.1 7.7 4.6 4.1 9.9 9.0 7.0 4.0 5.6 2.6 4.56
1.9 4.1 7.7 4.6 4.1 9.2 |12.3 7.0 3.95; 5.6 2.6 4.5
1.9 4.1 7.5 4.55 | 4.0 7.15 | 11.25 | 6.6 3.9 5.5 2.6 4.4
1.9 4.1 7.4 4.45| 4.0 6.5 | 10.65| 7.0 3.9 5.5 2.75 4.3
L9 4.0 7.1 4.4 3.9 6.1 |10.7 7.0 3.9 5.5 4.5 4.25
1.9 4.0 7.0 4.35| 3.9 5.9 | 10.55 | 6.8 3.8 | 5.45 5.4 4.2
2,15 | 4.0 6.8 | 4.3 3.8 5.5 |10.85| 6.7 3.8 3.4 | 505 4.2
2.35| 4.0 6.7 4.1 3.8 5.2 | 12.1 6.7 3.8 3.4 : 5.0 4.2
2.7 4.0 6.35 | 3.8 | 3.7 | 5.056]12.0 6.7 3.8 3.4 | 415 4.1
3.1 4.0 6.25 | 3.65 5.6 4.7 9.9 6.6 3.7 3.3 , 3.65 4.0
3.6 3.9 6.2 3.45| 5.6 ‘ 4.45| 8.95| 6.6 3.7 3.3 } 3.5 3.9
3.8 | 3.9 |-6.2 3.3 56 | 4.35| 8.4 6.6 3.65| 3.25| 3.5 3.85
4.0 3.9 6.2 3.2 545 | 4.05| 6.65| 6.5 3.9 3.2 ! 3.4 3.8

4.05| 3.9 6.1 3.2 7.8 | 4.0 6.3 6.5 |10.05 3.15, 3.35 3.7
4.15| 3.8 6.1 3.1 | 845| 4.0 5.7 6.4 | 1L.75] 3.1 3.3 3.6
4.3 3.8 6.1 3.1 7.0 3.95 | 5.7 6.4 | 11.8 3.1 3.2 3.5
4.3 3.8 6.1 3.0 5.8 3.95 | 5.0 6.4 | 12,95 3.1 3.2 3.5
4.3 3.8 | .6.0 2.95) 5.6 5.0 4.8 7.0 | 12.45| 3.0 3.2 3.5
4.3 3.8 6.0 2.9 5.8 5.0 4.8 7.75 1 10.25 | 3.0 3.1 3.4
4.3 3.95| 5.9 2.9 6.3 4.9 4.7 7.65 ) 8.8 | 2.95) 3.1 3.4
4.3 4.3 59 | 2.8 5.9 495 4.65; 7.25| 6.8 2.9 3.05 3.4
4.2 4.8 5.85 | 2.8 5.5 5.75 | 4.6 6.8 5.95 | 2.9 3.4 3.4
4.2 5.5 | 5.8 2.8 5.1 6.0 4.6 6.2 5.85 | 2.85| 4.05 3.3
4.2 6.8 5751 2.8 [1L5 6.0 4.6 5.35( 5.8 2.8 5.4 3.3

4.2 7.15| 6.7 3.7 {10.9 6.6 4.5 4.45 | 5.75 | 2.8 50 - 3.3
27 . 4.2 7.9 5.6 3.7 7.4 7.9 4.5 4.3 5.7 2.7 4.8 3.25
28 4.2 7.7 5.5 4.7 7.15 ) 7.55 | 4.5 4.25 | 5.65| 2.7 4.75 3.2
20 4.2 ... 5.0 4.5 |- 6.7 8.0 5.1 4.2 5.6 2.7 4.7 3.2
30. ... 4.2 |....... 4.7 4.2! 6.25 | 9.0 7.0 4.15| 5.6 2.7 4.65 3.2
3 4.15 |....... 46 (... 7.0 j....... 6.8 | 41 |....... 2.7 |l 3.2

Station rating table for Kansas River at Lecompion; Kans., from January 1 to September 21,

1905.
hgiz%li. Discharge. hgiaé ¢ | Discharge. hgfg%xet. Discharge. hgia % | Discharge.

Feet. Sec.-ft. ' Feet. Sec.t. Feet. Sec.-ft. Feet. Sec.-ft.
1.90 2,525 ‘ 3.40 5,600 4. 90 9,600 7.80 21,100
2.00 2,700 | 3.50 5,850 5.00 9,900 8.00 22,100
2.10 2,875 3.60 6,100 5.20 10, 500 8.20 23,100
2.20 3,050 3.70 6,350 5.40 11,100 8.40 24,200
2.30 3,250 3.80 6,600 5.60 11,750 S.GQ 25,300
2.40 3,450 3.90 6,850 5.80 12,450 8.80 26,400
2.50 3,650 4.00 7,100 6.00 13, 200 9.00 27,500
2.60 3,850 4.10 7,375 6.20 13,950 9.50 30,300
2.70 4,050 4.20 7,850 6.40 14,750 10.00 33,300
2.80 4,250 4.30 7,925 6.60 | 15,550 10.50 36,550
2.90 4,475 4.40 8,200 6.80 16,400 11.00 39, 800
3.00 4,700 4.50 8,475 7.00 17,300 ~ 11.50 43, 200
3.10 4,925 4.60 8,750 7.20 18,200 12.00 46, 900
3.20 5,150 4.70 9,025 7.40 19,100
3.30 5,375 4.80 . 9,300 7.60 20,100

The above table is applicable only for open-channel conditions. Itis based on seven discharge
measurements made during 1905, and is well defined between gage heights 6 feet and 8 feet.
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Station rating table for Kansas River at Lecompton, Kans., from September 22 to December 31,

1905.
hg’%ﬁ' Discharge. hgiaé S | Discharge. hg; % | Discharge. lg?ggt?t. Discharge.
Feet. Sec.t. Feet. Sec.-ft. Feet. Sec.-ft. Feet, Sec.ft.
2.60 2,000 3.60 4,500 4.60 7,850 5.60 11,500
2.70 2,200 3.70 | - 4,825 4.70 8,200 5.70 11,875
2.80 2,100 3.80 5,150 4.80 8,550 5.80 12,250
2.90 2,625 3.90 5,475 1.90 8,900 5.90 12,650
3.00 2,850 4.00 5,800 5.00 9,250 6.00 13,050
3.10 3,100 4.10 6,125 5.10 9,625 6.20 13,850
3.20 3,350 4.20 6,450 5.20 10,000 6.40 14,675
3.30 3,625 || 4.30 6,800 5.30 10,375 6.60 | 15,52
3.40 | 3,900 4.40 7,150 5.40 10,750 6.80 16,400
3.50 4,200 4.50 7,500 5.50 11,125 7.00 17,300

The above table is applicable only for open-channel conditions. It is based on three discharge
measurements made during 1905, and is not well defined.

Estimated monthly discharge of Kansas River at Lecompton, Kans., for 1905.

[Drainage area, 58,550 square miles.]

Discharge in second-feet. Run-off.
. Total in
Month. Maximum.| Minimum. | Mean. acre-feet. SpeeFli%dgflefg’ lj)sg}tgsi‘n

7,925 2,525 5,932 364,700 0.101 0.116
21, 600 6, 600 9,008 500, 300 .154 .160
20, 600 8,750 14,370 883, 600 .245 .282

9,025 4,250 6, 402 330,800 .1 L122
43,200 6,350 13,930 856, 500 .238 .274
32,700 6,975 14, 180 843, 800 .242 .270
49,150 8,475 | 21,850 | 1,344,000 .373 .430
20,850 7,375 14, 640 900, 200 .250 . 288
54, 300 6,225 16, 570 986, 000 . 283 .316
11, 500 2,200 4,811 295, 800 . 082 . 095
10, 750 2,000 5,337 317, 600 N .102

7,850 3,350 5,035 309, 600 086 . 099
54, 300 2,000 11,010 | 7,983,000 . 188 2,55

NoTE.—Ice conditions uncertain; discharge applied as for open channel.
BLUE RIVER NEAR MANHATTAN, KANS.

This station was established April 12, 1895. 1t is located at the county bridge 4 miles
north of Manhattan, Kans.

The channel is straight for 200 feet above and below the station and has a width of 225
feet at ordinary stages. Both banks are subject to overflow during very high floods, the left
bank being the lower of the two. The bed of the stream is composed of sand, clay, and silt
and is free from vegetation and slightly shifting. There is but one channel at low stages;
but during very high floods there are five channels or more. The current is sluggish at low
and swift at high stages.

Discharge measurements are made from the bridge, which ordinarily spans the entire
channel. The initial point for soundings is at the south end of the bridge.

The gage, which was read once each day during 1905 by J. M. Deckert, is in three sections.
The first section, used for low-water readings, is a chain gage on the hand railing on the east
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- side and south end of the bridge, reading from zero to 14 feet from a scale spiked to the hand
rail. The second section is an oak rod, reading from 11.3 to 17 feet, spiked to the north face
of the south pier. The third section is a similar rod, graduated from 17 to 30 feet, bolted to
the south side of the south pier. The gage is referred to bench marks, as follows: (1) A
cross cut in the capstone of the south bridge pier immediately above the upper gage; eleva~
tion, 32.14 feet above gage datum. (2) A cross near the top of the second stone from the
ground in the northwest corner of the south abutment; elevation,27.32feet above the zeroof
the gage.

Information in regard to this station is contained in the following publications of the
United States Geological Survey (Ann=Annual Report; Bull=Bulletin; WS=Water-Sup-
ply Paper).

Description: Ann 18, iv, pp 215-216; Bull 140, p 144; WS 16, p 115; 27, p 90; 37, p 252; 50, p 317; 66, p
46; 84, pp 97-98; 99, p 211; 131, p 111.

Discharge: Ann 18,iv, p 216; Bull 140, p 144; WS 16, p 115; 27, p 95; 37, p 252; 50, p 317; 66, p 46; 84, p
98; 99, p 212; 131, p 114. ’

Discharge, monthly: Ann18,iv, p218; 19, iv, p 348; 20, iv, pp 312, 319; 21, iv, p 227; 22,iv, p 337; WS 75,
p 143; 84, p 99; 99, p 213; 131, p 117.

Discharge, yearly: Ann 20, iv, p 56.

Gage heights: Bull 140, p 145; WS 11, p 59; 16, p 115; 27, p 94; 37, p 253; 50, p318 66, p 46; 84, p 98; 99, p
212; 131, p 115.

Hydrographs: Ann 18, iv, p 219; 19, iv, p 349; 20, iv, p 319; 21, iv, p 227; 22, iv, p 337.

Rainfall and run-off relation: Ann 20, iv, p 313. .

Rating tables* Ann 18, iv, p 217; 19, iv, p 348; WS 27, p 96; 39, p 419; 52, p 518; 66, p 172; 84, p 99; 99,p
213, 131, p 116.

Discharge measurements of Blue River near Manhattan, Kans., in 1905.

Date. Hydrographer. Widih. Q::i?o?mf. velﬁ)(ig?y. hfa}iaglgﬁ;. elg.;sée.
4 * Ft. per
Feet. |- Sq. ft. sec. Feet. Sec.-ft.
May24........ W.G. Russell....................... 215 1,135 2.35 7.60 2,670
July 10........ J.C.Stevens. ... oo 223 1,470 2.67 9.33 3,826
August 16... .. W.G Russell....................... 208 556 1.86 5.80 1,032

October 5......[..... 6 N 212 601 2.06 6.10 1,234
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Daily gage height, in feet, of Blue River near Manhattan, Kans., for 1905.
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Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct.
5.8 59| 14.4 6.0 7.5 18.85 9.1 | 7.2 5.9 6.7
5.9 58 13.5 6.0 7.1 17.6 1.1 7.0 5.8 6.4
5.9 5.8 | 13.3 5.95 6.9 12.8 12.5 7.3 5.6 6.4
6.0 5.8 12.9 6.0 6.7 10.7 13.0 8.4 5.55 6.3
5.9 5.9 12.4 6.0 6.5 9.75 | 13.1 7.9 5.5 6.1
5.8 6.0 | 11.7 5,95 6.4 10.3 12,1 7.2 5.6 6.0
5.8 6.1 9.7 5.9 6.2 10.1 11.0 6.8 5.6 6.0
57| 6.0 8.7 5.9 6.1 8.2 10.8 9.0 5.65 5.9
5.7 6.0 8.2 6.0 6.1 7.7 11.4 7.3 5.6 5.8
5.7 6.0 7.8 5.8 9.2 7.4 9.8 7.1 5.6 5.8
5.8 6.1 7.5 5.9 7.75 7.15 8.85 7.4 5.6 5.75
5.7 6.1 7.2 5.9 6.5 6.9 7.9 6.8 5.7 5.7
5.9 6.0 7.1 5.85 6.8 6.8 7.45 6.3 5.8 5.65
5.6 5.0 6.9 5.8 13.2 6.75 7.1 6.15 6. 45 5.6
5.7 5.0 6.8 5.7 14.5 6.6 6.9 6.0 5.8 5.6
5.8 5.1 6.7 5.7 12.8 6.6 6.7 5.8 16.2 5.65
5.8 5.1 6.75 5.65 | 10.8 7.0 6.6 5.75 | 211 5.7
5.9 5.1 6.8 5.7 10.65 8.7 6.45 5.6 13.5 5.7
5.9 5.2 7.1 5.65 | 12.3 7.9 6.3 15.2 13.5 5.75
5.9 5.2 7.0 5.6 11.6 8.1 6.2 13.1 14.1 5.8
5.8 5.3 6.85 5.6 9.8 .7 7.0 8.65 10.5 5.75
5.8 7.1 6.7 5.8 8.9 7.45 7.6 8.2 9.7 6.4
5.8 9.0 6.7 6.5 8.2 8.2 7.1 8.55 9.5 6.0
5.8 9.8 6.65 6.1 7.6 8.1 6.9 8.5 9.45 5.85
5.7 10.0 6.6 6.2 11.3 | - 7.85 6.7 7.5 9.1 5.8
5.7 12.8 6.5 8.7 8.9 8.0 6.75 7.7 8.65 5.7
5.8 14.9 6.4 9.6 7.2 7.8 6.8 6.9 8.2 5.6
5.7 14.0 6.3 8.25 7.7 7.9 7.3 6.7 7.7 5.6
5.7 . ...... 6.2 8.0 9.2 9.6 7.5 6.45 7.3 5.5
5.9 ..., 6.1 7.8 12.5 10.8 7.9 6.2 6.9 5,45

| 6.0 |........ 6.1 |........ 17.8 |........ 8.0 6.1 5.5

Station rating table for Blue River near Manhattan, Kans., from January 1 to October 31, 1905.

hce;iz%i. Discharge. h(e}ig > i Discharge. hgiz%%. Discharge. h%{.é €. | Discharge.
Feef, Sec-ft. Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.ft.
5.00 650 6.50 1,510 8.00 2,680 11. 00 5,810
5.10 700 6.60 1,580 8.20 2,850 11.50 6,470
5.20 750 6.70 1,650 8.40 3,020 12.00 7,190
5.30 800 6.80 1,720 8.60 3,190 12.50 7,940
5.40 850 6. 90 1,790 8.80 3,370 13.00 8,690
5.50 900 7.00 1,860 9.00 3,550 13.50 9,440
5.60 960 7.10 1,930 9.20 3,740 14,00 10, 200
5.70 1,620 7.20 2,010 9.40 3,940 14. 50 10,990
5.80 1,080 7.30 2,000 9.60 4,150 15. 00 11,800
5.90 1,140 7.40 2,170 9.80 4,370 15.50 12,640
6.00 1,200 7.50 2,255 10. 00 4,600 16. 00 13,490
6.10 1,260 7.60 2,340 10. 20 4,830 16. 50 14, 340
6.20 1,320 7.70 2,425 10. 40 - 5,070 17.00 15,190
6.30 1,380 7.80 2,510 10. 60 - 5,310 17.50 16, 040
6.40 1,440 7.90 2,595 10.80 5,560 18.00 16, 900
.

ments made during 1903 and 1905, and is fairly well defined.

The above table is gpplicable only for open-channel conditions. It is based on discharge measure-
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Estimated monthly discharge of Blue River near Manhattan, Kans., for 1905.

[Drainage area, 9,490 square miles.]

Discharge in second-feet. Run-off.
Total in

Month. Maximum.| Minimum.| Mean. | 2crefeet. Sp?r:%i:;?r.g Digglt]}g_n
1,200 1,020 1,082 66,530 0.114 0.131
11,640 650 2,346 130,300 .247 .257
10,830 1,260 3,237 199,000 .341 .393
4,150 960 | 1,460 86,880 154 172
16,550 1,260 | 4,282 | - 263,300 .451 .520
18,440 1,58 | 4,034 | 240,000 .42 474
8,840 1,320 3,433 211,100 ..362 .47
12,130 960 2,555 157,100 . 269 .310
22,770 %00 | 3,87| 227,700 .403 .450
1,650 875 1,113 68,440 .117 .135
.................................. 1,650,000 [oenemnemeenee|eeennaens

OSAGE RIVER DRAINAGE BASIN.
OSAGE RIVER AT OTTAWA, KANS.

Osage (Marais des Cygnes) River rises in the prairies of eastern Kansas, about 30 miles
southwest of Topeka, and flows southeastward to its junction with the Missouri, near Jeffer-
son City, Mo. The entire length of the stream, measured along the general trend of the val-
ley, the minor bends being neglected, is about 280 miles, but its actual length is probably at
least 500 miles, and the total area of the basin is about 15,300 square miles.

The eastern portion of the basin has a diversified surface, varying from the level alluvial
bottoms of the streams to broken hilly uplands. It is covered with a thick growth of timber,
including oak, elm, walnut, ash, maple, and many other varieties of trees. To the west the
surface of the country becomes more gently undulating, the timber gradually disappears
from the uplands, and the region finally merges with the great prairies which extend
unbroken to the Rocky Mountains. The river winds through an alluvial bottom land,
approaching first one bluff and then the other. The bed is generally gravel, especially on
the shoals. The banks are gravelly and stable and range from 18 to 35 feet in height above
low water. The stream has no mountain tributaries, but depends for its water supply
entirely on the precipitation within its basin. This ranges from 35 to 40 inches each year.
The basin contains no lakes or marshes of any extent.

The region is rich in mineral resources, and the gently rolling prairies of the western half
and the valleys and river bottoms of the eastern half are well adapted to agriculture. About
62 per cent of the area is under cultivation and 10 per cent is timbered. Large quantities
of coal are mined at Osage, Burlingame, Scranton, and Carbondale.

High water is frequent in the stream, but there is little danger of floods unless the rainfall
is very heavy, sudden, or of long duration. The danger line is about 25 feet on the gage.
The worst flood since the establishment of the gaging station at Ottawa was in 1904, when
the water rose to 34.4 feet and flooded all the lower bottom lands, doing much damage to
farms, towns, and cities along the course and stopping all railroad traffic for some time.

The gaging station was established August 26, 1902. It is located at the highway bridge
on Main street near the center of the town of Ottawa, Kans. .

The channel is slightly curved at the station, and both banks are high, but overflow at ex-
treme flood stages. The bed of the stream is composed of rock, with small bowlders.

Discharge measurements are made from the highway bridge, which has a span of 135 feet
between abutments and is somewhat oblique to the trend of the stream. The initial point,
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_for soundings is the south end of the bridge, downstream side. At low stages the discharge
can be measured by wading a short distance below the bridge.

The gage was read once each day during 1905 by W. H. Blacksten. The first gage was of
the old wire type, with its scale spiked to the bridge floor. This gage was destroyed by
the flood of May 30, 1904. A temporary gage was installed June 3, 1904. A new gage
was put in September 9, 1904, as the water had left the temporary gage. This is a
standard chain gage, placed on the outside of the hand rail on the downstream side of the
bridge. The length of the chain is 30.9 feet. The gage rod is bolted to the hand rail and
graduated from zero to 32 feet. The bench mark is the top of the hydrant cap on the north
side of the river about 50 feet from the northeast corner of the bridge; elevation 31.34 feet
above gage datum.

Information in regard to this station is contained in the following Water-Supply Papers of
the United States Geological Survey: R

Description: 99, p 41; 130, p 187.

Discharge: 99, p 42; 130, p 188.
Gage heights: 99, p 42; 130, p 188.

Discharge measurements of Osage River at Ottawe, Kans., in 1905.

Date. Hydrographer. | Width. é:(r:?;?o%f. vgiicfggy. th%%. clﬂiﬁg‘e.
Ft. per

) Feet. | 8q. ft. sec. Feet. Sec.-ft.
April28........ W.G. Russell................ eeena 130 192 3.16 2.40 607
May1l........[..... AOuen i 129 128 1.73 1.90 221
May30........|..... AOne 133 436 4.19 4.60 2,039
June 17........ 75 58 .67 1.40 39
August 17..... 77 64| - .97 1.50 62
September 20. . 138 3,401 4.68 26.15 15,920
September 21.. 138 3,159 4.34 24.45 13,710
September 21.. 138 2,675 3.76 20. 80 10,060
September 22.. 133 951 2.80 7.07 2,659
October 10..... 87 83 1.48 1.30 123
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Daily gage height, in feet, of Osage River near Ottawa, Kans., for 1905.

Day. ; Jan. | Feb. | Mar. | Apr. | May. | June. | July.| Aug. | Sept.| Oct.
1.4 1.3 2.5 2.9 1.9 2.5 1.9 2.6 1.35 1.6
1.4 1.3 2.0 2.6 1.8 2.2 6.556 2.2 1.3 1.5
1.4 1.3 2.0 2.4 1.7 2.1 24.8 ‘2.0 1.3 1.5
1.4 1.3 1.¢ 2.3 1.7 2.0 25.45 2.1 1.8 1.5
1.3 1.3 1.8 2.2 1.7 2.0 23.2 3.1 1.6 1.5
1.3 1.3 1.6 2.15 1.7 1.9 9.25 2.3 1.7 1.45
1.3 1.3 1.6 2.1 " 1.7 1.8 3.2 2.0 1.7 1.4
1.3 1.3 1.6 2.1 1.7 1.8 2.7 1.8 L7 1.3
1.3 1.3 1.5 1.9 2.1 1.6 2.6 1.7 2.3 1.3
1.3 1.3 1.6 1.9 2.2 1.6 2.7 1.6 12.35 - L3
1.3 1.3 1.5 1.8 2.0 1.5 2.5 1.6 8.6 1.3
1.3 1.3 1.4 1.7 1.8 1.5 2.2 1.5 3.1 1.3
1.3 1.3 1.5 1.7 2.2 L5 2.15 1.5 2.2 1.3
1.3 1.3 1.5 1.7 2.1 1.45 2.0 1.5 2.1 1.2
1.3 1.3 1.5 1.7 2.1 1.4 1.9 1.6 15.35 1.2
1.3 1.3 1.5 1.6 2.0 1.4 1.9 1.5 23. 45 1.2
1.3 1.3 1.45 1.6 1.9 1.4 1.8 1.4 17.85‘ 1.2
1.3 1.3 2.9 1.6 1.8 1.35 1.7 3.55 | 21.95 1.15
1.3 1.3 3.3 1.6 1.7 1.6 1.7 10.8 | 26.28 1.4
1.3 1.3 3.1 1.55 1.6 1.8 1.7 3.4 26. 18 1.3
1.3 1.3 2.5 1.6 1.6 1.7 1.6 2.9 22.15 1.2
1.3 2.15 1.65 1.55 1.5 1.6 1.6 2.0 5.35 1.2
1.4 4.2 2.2 1.6 1.5 1.6 1.6 1.8 2.7 1.2
1.3 5.9 2.9 1.5 1.5 1.5 1.5 1.7 2.6 1.2
.21 6.0 3.05 1.6 3.551 1.5 1.5 1.7 2.2 1.2
1.41 4.9 2.4 2.3 16.08 | 1.4 1.5 1.5 2.0 1.3
1.3 3.3 2.15 2.6 14.45 1.5 " 7.5 1.5 19 ' 1.2
1.3 2.8 11.27 | 2.4 3.48| L5 9.7 1.4 L7 1.3
L2 (.. 17.0 2.1 435 2.2 375 1.4 1.7 1.3
L2 S o124 2.0 4.4 2.0 2.5 1.4 1.6 1.3
L3 |o.o.. 4.2 |........ 3.2 |........ 2.6 1.4 |....o... 1.3

GASCONADE RIVER DRAINAGE BASIN.
GASCONADE RIVER AT ARLINGTON, MO.

Gasconade River is formed by Piney, Lock, and Osage forks, which rise in southern Mis-
souri and unite in Laclede and Pulaski counties. From the junction of the forks to the
point where the Gasconade enters the Missouri the distance by general course is about 60
miles, but accurately measured along the stream it is probably over 100 miles. The basin
comprises a total area of 3,667 square miles. The headwater region is an elevated table-land
belonging to the Ozark Range of hills. The surface is irregular and along the streams be-
comes very rough and broken. The streams, which are bordered by alluvial bottom lands
varying in width from a few hundred feet to a half mile, are supplied by a great number of
springs, many of which are of large size. ‘

The valley averages half a mile in width and is bordered by bluffs 100 to 200 feet high.
The bed is usually gravel on the shoals, with considerable sand and mud in the pools. The
banks are about 20 feet high on the lower river and show a deposit of alluvial soil, with sand-
and gravel underneath. The rock occurring along the stream is mainly limestone and sand
stone.

The gaging station was established April 11, 1903. It was at first located about 2 miles
- below Arlington, on the right bank of the river; but owing to the impossibility of maintain-
ing a cable across the river during high water the station was moved July 27, 1904, to the
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St. Louis and San Francisco railroad bridge, 1} miles upstream from the cable and one-
fourth mile west of Arlington, Mo.

The channel is straight for about 1,000 feet above and below the bridge. Both banks are
fairly high, partly wooded, and not liable to overflow except during very high stages. The
bed of the stream is composed of clean gravel and rock and is practically permanent.
There is a swift, direct current. At all stages the water passes between the abutments
of the bridge.

Discharge measurements are made from the three-span railroad bridge, which has a total
length of 431 feet between abutments. The meter is operated from the upstream lower
chord of the trusses. The initial point for soundings is at the top of the inner face of the
right abutment. ‘

The gage was read during 1905 by C. W. Harrison. The gage at the old location was a
vertical rod fastened to a leaning willow tree. The new gage is of the standard chain type.
The length of the chain is 33.50 feet. The pulley center is 0.53 foot to the left of the zero of
the gage, which is 117.01 feet from the initial point for soundings. The bench mark is
located on the top surface of a cap on the upstream lower chord just to the right of the fifth
panel point from the right abutment and is designated by a dent in the upper surface of the
cap; elevation above gage datum 28.85 feet. The elevation of the pulley center above the
zero of the gage is 32.75 feet.

Information in regard to this station is contained in the following Water-Supply Papers of
the United States Geological Survey:

Description: 99, p 36; 130, pp 183-189. .

Discharge: 99, p 36; 130, p 190.

Discharge. monthly: 99, p 38; 130, p 191.

Gage heights: 99, p 37; 130, p 190.
Rating table: 99, p 37; 130, p 191.

Discharge measurements of Gasconade River at Arlington, Mo., 1904-5.

Date. L4 Hydrographer. Width. ﬁef::?o%t. v(ﬁdoia{’tly' .hgigﬁ. c]:gkr;e.
Ft. per

1904. Feet. | 8q. ft. sec. Feet. Sec.ft.
April11.._ ... F.W.Hamna........................ 410 2,415 3.32 6.85 8,025
40 | 4,02 420 10.75| 16,910
410 | 1,138 1.78 4.07 2,032
April7......... 318 | 1,104 1.52 3.80 |° 1,677
May 14........ 413 1,944 293 575 5,700
June21........ 276 838 1.01 2.85 844
July 25........ 46| 2,049 2.58 6.16 | 5,283
September 7... 33| 1,071 1.38 3.81 1,479
October 11..... 312 982 1.36 3.55 1,334
December 9.... 301 948 1.32 3.41 1,255

NorE.—Gage heights all refer to gage established July 26, 1904, at St. Louis and San Francisco
railroad bridge.

IRR 172—06——18
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STREAM MEASUREMENTS IN 1905, PART VIII.

Daily gage height, in feet, of Gasconade River at Arlington, Mo., for 1905.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
2.85| 2.65| 6.8 | 3.95| 41 | 40 | 3.7 [10.3 | 43 | 43 | 58
2.8 | 27 | 6.4 | 3.9 | 40 | 3.8 | 3.45 9.5 | 41 | 415| 5.2
2.85| 2.85| 5.9 | 3.85| 45 | 40 | 3.4 | 84 | 3.8 | 4.0 | 4.8

4ol 2.8 | 28 | 5.1 | 3.8 | 3.8 | 3.95| 40 | 7.8 | 3.8 | 3.9 | 46
2.8 | 2.85| 49 | 3.75! 3.75| 3.8 | 415| 7.7 | 3.6 | 3.75| 55
2.85| 2.85| 47 | 3.7 | 3.3 | 3.4 | 40 | 6.7 | 3.65| 3.5 | 6.0
2.8 | 29 | 50 | 365| 35 | 3.0 | 3.8 | 6.5 | 44 | 3.45| 6.8
2.75| 2.85!110.5 | 3.6 | 51 | 2.85| 3.7 | 6.4 | 45 | 3.4 | 6.9
20 | 29 [135 | 3.2 | 6.5 | 25 | 3.25| 49 | 46 | 3.3 | 6.8
2.8 | 29 [1L5 | 3.15| 6.3 | 25 | 3.45| 45 | 46 | 3.6 | 6.4
29 | 29 | 7.5 | 36 | 6.2 | 26 | 3.9 | 43 | 63 | 3.5 | 50
2.9 | 2.8 65 | 3.55| 58 | 2.55| 6.0 | 3.95| 5.8 | 3.45| 4.85
30 | 28 { 50 | 37 | 59 | 2.4 | 57 | 3.7 | 51 | 3.2 | 45
2.95| 2.85| 45 | 3.65| 58 | 2.25| 55 | 45 | 4.8 | 3.3 | 43
2.8 [.28 | 43 | 3.7 | 7.0 | 22 | 53 | 44 | 40 | 3.3 | 4.15
2.05| 2.8 | 425| 3.75| 9.0 | 3.1 | 525 46 | 3.95| 3.15] 4.2
2.95| 2.85| 42 | 3.7 | 80 | 3.5 | 49 | 54 |13.8 | 3.5 | 4.0
3.0 | 28 | 43 | 3.4 | 55 | 3.15| 3.8 | 54 |125 | 54 | 3.8
3.1 | 28| 45 | 335, 50 | 3.0 | 3.6 | 7.4 | 165 | 9.3 | 42
3.2 | 28 | 43 | 3.3 | 45 | 35 | 3.4 | 7.0 |13.6 | 7.6 | 4.3
3.1 | 2.8 41 | 33 | 44 | 33 | 85 | 7.5 (140 | 50 | 415
3.05| 2.95| 3.9 | 3.25| 45 | 3.2 |157 | 7.2 |10.4 | 48| 4.0
3.06| 30 | 3.75| 3.2 | 6.1 | 2.95|20.3 | 7.5 | 7.4 | 45 | 4.05
2.9 | 3.35] 40 { 3.1 | 51 | 29 | 85 | 7.8 | 6.3 | 4.45| 3.8
28 | 44 | 39 | 3.4 | 55 | 27 | 63 | 76 | 58 | 85 | 3.8
2.8 | 59 | 3.8 | 45 | 51 | 28 | 58 | 7.3 | 58 | 9.4 | 3.6
27| 6.4 | 3.7 | 4.7 | 49 | 2.75| 54 | 6.8 | 50 | 8 § | 36
28 | 7.4 | 355| 48 | 45 | 27 [10.9 | 51 | 48 | 85 | 3.65
275 |oennen 3.75| 48 | 43 | 3.2 [16.3 | 50 | 47 | 59 | 3.6
2.7 |eeen... 3.8 | 42 | 40 | 3.4 [19.1 | 51 | 3.95| 56 | 3.45
2T feee.. 3.9 ... 3.8 |....... 18.4 | 4.8 |....... 5.7 |eeeeen.

Dec.

3.5
3.45
3.3
3.6
3.65
3.5
3.45
3.3
3.25
3.2
3.15
2.9
2.9

. 2.85
2.8
2.75
3.35
3.3
3.25
3.2
3.1
3.2
3.4
3.45
3.5
3.5
3.4
3.6
3.75
3.6
3.8

NoTE.—Ice conditions not sufficient to modify flow.
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Station rating table for Gasconade River at Arlington, Mo., from July 26, 1904, to December

31, 1905,
h(e}ig t. Discharge. \ hglgai‘:; Discharge. hgig' %_ Discl:a.rge. h(Z'a et. Discharge.
¥ - B

Feet. Sec.—feet. || - Feet. Sec.feet. Feet. Sec.-feet. Feet. Sec.~feet.
2.20 300 3.7 1,520 5.40 4,710 9.00 12, 700
2.30 350 3.80 1,660 < 5.00 5,130 9.50 13,850
2. 40 T 400 3.90 1,820 5.80 5,560 10.00 15,050
2.50 450 4.00 1,990 6.00 6,000 10. 50 16, 250
2.60 510 4.10 2,160 6.20 6,440 11.00 17, 500
2.70 570 4.20 2,340 6.40 6,880 11.50 18,800
2.80 630 4.30 2,520 6.60 7,320 12.00 20, 100
. 2.90 700 4.40 2,710 6.80 7,760 12.50 21,440
3.00 780 4.50 2,900 7.00 8,200 13.00 22,800
3.10 870 4.60 3,100 7.20 8,640 13.50 24, 200
3.20 965 4.70 3,300 7.40 9,080 14.00 25,600
3.30 1,060 4.80 3,500 7.60 9,520 15.00 28, 400
3.40 1,160 4.90 3,700 7.80 9,960 16. 00 31,400
3.50 1,270 5.00 3,900 8.00 10, 400 17.00 34,400
3.60 1,390 5.20 4,300 8.50 11, 550 18.00 37,600

The above tableis applicable only for open-channel conditions.

It is based on twelve discharge meas-

urements made during 1904-5, and is well defined between gage heights 2.8 feet and 10.75feet. The table
has been extended beyond these limits; above gage height 17 feet the rating curveis a tangent, the

difference being 320 per tenth.

Estimated monthly discharge of Gasconade River at Arlingtore, Mo., for 1904 and 1905.

[Drainage area, 2,725 square miles.]

Discharge in second-feet. Run-off.
- Total in
Month. Maximum, Minimum. | Mean, | 2cTefeet. %Edggeg D&I:gleg‘
1904.
9,108 965 2, 580 158, 600 0.947 1.09
3,900 630 1,256 77,230 . 461 532
1,330 740 903 53,730 .331 . 369
1,110 570 743 45, 680 273 .315
700 510 571 | 33,980 .210 ,234
740 510 647 39,780 .237 .273
.................................. 409,000 | neneneeneifoaeaeenans
965 570 696 42,800 0.255 |  0.294
February..... .................. 9,080 540 1,456 80, 860 .534 . 556
Mareh. .ol 24,200 1,330 4,908 301, 800 1.80 2.08
3,500 . 870 *1,641 97,650 . 602 .672
12,700 1,060 4,341 266, 900 1.59 1.83
1,990 300 899 53,490 .330 .368
44, 960 1,012 9,534 586, 200 3.50 4.04
15,770 1, 520 6,744 414,700 2. 47 2.85
32,900 1,390 7,710 458, 800 2.83 3.16
13,620 918 4,195 257,900 1.54 1.78
7,980 1,215 3,350 199,300 1.23 1.37
1, 660 600 1,104 67, 880 -405 . 467
Theyear. ... ......... 44, 960 300 3,882 | 2,828,000 1.4 19. 46

Nom.—Thg estimate for July 26 to August 11, as published in the 1904 report, has been revised.

v
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Highwood Creek near—
Highwood, Mont.:
description...... P 46
. discharge.... 47
gageheights.. ...l 47
Highwood, Mont.
Highwood Creek near:
deseription....veeveecienncacnanann . 46
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Highwood, Mont.—Continued. Page. K. Page.

Highwood Creek, near—Continued. Kansas City, Mo.
discharge.......- .. 47 Missouri River at:
gage heights 47 description.

Hinsdale, Mont. discharge. ... ........ 33

Milk River at: -discharge, mornithly 35
discharge........................... T 8 gage heights I
gageheights.._......._......_. ... 86 rating table................oo...... 35

Rock Creek: Kansas River at—
discharge........................... 86 Lecompton, Kans.:
gageheights.._ ..................... 86 deseription. ... ....................

Rock Creek canal near: discharge........................._.
deseription...............o...o.o... 83-84 discharge, monthly. . ..
discharge.....o.coooiiiiiiiaiaiaaaa. 81 gage heights.........
discharge, monthly.... 84 rating table.......oc.o..ocoiiio.L
gageheights........................ 84 | Kansas River drainage basin:

Huntley, Mont. deseription. .. ........oeeoeiieei.. 244,258

Pryor Creek at: miscellaneous measurementsin......... 254
description. ... 103 | Kearney, Wyo.
discharge........................... 103 Piney Creek at:
discharge, monthly................. 105 deseription. ..................... 117-118
gageheights........................ 104 QISChATEE - o eooeemeeeeeeaeeennns 118
ratmg tables.. ... . ... ............ 105 discharge, monthly. . . 120

Hydrographic surveys, annual appropria- gage heights. . ......... 119
. tions for....... 1 rating tables. ....................oC 120
organization and scope of 1-3 Kersey, Colo. .
South Platte River near:

L description 227

Ice-covered streams, methods of measuring d{scharge """"""" 27,
OW OF - oo 9-10 discharge, monthly. ... 229
Interior, 8. Dak. gage heights.................. 228

White River at: rating tables. ...l 228
description. . . . 166 Keya. Paha River:
discharge. . .... 167 discharge. ... ...cc.oooooiiiiiiiiL 173
gage heights. .. ..................... 167 | Knife River at—

Broncho, N. Dak.:
o J. gescll;iptiou
Jefferson River near— iscnarge ) :

Sappington, Mont.: gage helghts. .......vooemnns 130
description. ... .. ... ... 13-14 L.
discharge. 14 .
discharge, monthly... ... ..._...... 16 | Ladder Creek. See Beaver River.
gage heights 15 | Laramie River at—
rating table 15 Glendevey, Colo.:

Jelm, Wyo. deseription. .....ooieiiiiiiiaian

) Laramie River near: discharge................

description..... ....coooiiiiiiaao.t 212 discharge, monthly
discharge...... ...l 213 gage heights ..o
discharge, monthly 214 rating table. ... ... ... ... 211
gage heights 213 Jelm, Wyo.:
rating table_.._._.. . .. ... ... 214 deseription..........o..oo..o... 212

Julesburg, Coio. discharge.............. 213

South Platte River near: discharge, monthly....e. 214
deseription. ....... ... ...l 229 gage heights............. 213
discharge 230 rating table. ... .. ..........ool.o. 214
discharge, monthly.... 231 | Lecompton, Kans.
gage heights..._... . 230 Kansas River at:
rating table.._._... 231 deseription. ... ... ... ...l

Junction, Kans. discharge...........cooiiiiiiin

Republican River at: discharge, monthly
deséription. ... .. ... ... ... 251-252 gage heights
discharge............ e, 252 rating table..... . ... ...
discharge, monthly. ... 252 | Lexington, Nebr.
gage heights . 252 Platte River near:
rating table..........o.o.oo..o... 253 deseription. ... ......oiiiiiiiiiaes 235
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Lexington, Nebr.—Continued.
Platte River near—Continued.
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discharge 236
gage heights 236
Little Bighorn River at—
Crow Agency, Mont.:
deseription. .. .. ... ... ... 111
discharge. .. ... ... . ... .. 111
discharge, monthly. 113
gage heights............ 112
rating table.. ... . ................ 112
Little Grizzly Creek at—
Hebron, Colo.:
description................... ... 176-177
.1
discharge, monthly . 178
gage heights . 177
rating tables......_...... ... .. ... 178
Little Missouri River at— .
Alzada, Mont.:
description.......... ... ... 120-121
discharge. . ... . ..o .. 121
discharge, monthly 123
gageheights..__............ 122
rating table... 122
Camp Crook, 8. Dak.:
description............... ... ... 123
discharge. . ... ..o oo 124
discharge, monthly... 125
gage heights...._.__.. ) 124
rating table 125
Medora, N. Dak.:
description. .. ... ... 1256-126
discharge. .......o.co.ocioiiaiiiia. 126
diseharge, monthly 128
gage heights 127
ratingtable.. ... .. .. .. ... ... 128
Little Missouri River basin—
description. ...l 120
Little Muddy River near—
‘Williston, N. Dak.:
deseription... ... ... ... 89
AISCHATEe . o oot 80
discharge, monthly................. 91
gage heights 90
rating table.. ... ... .. . ... 90

Little Sioux River at—
Cherokee, Towa:
discharge. ... .....ooeoiieeeniaian.. 36
Livingston, Mont.
Yellowstone River at:

deseription.... . ... ...l 92-93
discharge............. 93
discharge, monthly..........._..... 95
gage heights_................. ... 04
rating table.. . ... ... ... 94

Logan, Mont.
Gallatin River at:

Lombard, Mont.
Sixteen Mile Creek at:
diseharge. ... ... 36

Loup River at—
Columbus; Nebr.:

deseription................o.....
- discharge...........
discharge, daily.....
discharge, monthly . .
gageheights. .. ... ... ...
MeclIntyre Creek at—

Gleneyre, Colo.:
deseription..... . .....o.c..ooo.... 214-215
discharge........... .. 215
discharge, monthly. . 216
gageheights. ... . ... ... .. 215
rating table.. ... . ... ... 216 -

Madison River (including Cherry Creek)
near—

Norris, Mont.:
description 16
discharge........... 17
discharge, monthly. .. . 18
gageheights. ... ... ... ... ... 17
rating table,...............ooooL 18

Malta, Mont.

Milk River at: N
deseription. .. . .....___....__.... 59-60
discharge.._ ... . ... 60
discharge, monthly................. 61
gage heights . 60
ratingtable..... ... . ... .o ... 61

Manhattan, Kans. -

Blue Rjver near:
despription. . .. . 261-262
dis¢harge........... .. 262
dis¢harge, monthly ., ............... 264
gage heights. .« .. . ... .. ... ... 263
ra,ailg table.. .. .. ...oiiaiilia.. 263

Mannhaven, N. Dak.
Missouyi River at:
dis¢gharge. . ... ..c..o.iiiii... 36
Marias Rivier near—
Shelby| Mont.:

deseription.... .. ... ... .. .l.. 48
disgharge..... ... ... ... 49
disgharge, monthly. ... 50
gage heights. . . 49
rating table... ... ... ... ...
Marias River basin:
deseription. .. ..ot
Marquette; Wyo.
Shoshgne River, South Fork, at:
deseription. ... ... ...l 115
discharge........... . 116
discharge, monthly. Y
gage heights........ ... 116
rating table....................os 117
Matheson canal near—
Chinook, Mont.: )
deseription. ... ... PO 72
discharge. ... .. ...l 72
discharge, monthly. . 73
gage heights........................ 73

Medora, N. Dak.
Little Missouri at:
description.
diseharge
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Medora, N. Dak.—Continued.
Little Missouri at—Continued.

discharge, monthly................. 128
gageheights... ... . ... ... ... 127
ratingtable....._.. . ... . ... . ... 128
Methods of computing run-off. eo.. 10-11
of measuring stream flow...... ... ... .. 6-10
Michigan Creek near—
Cowdrey, Colo.:
deseription. ... ... ... 192
discharge..........ccooioiiaiiiiia. 193
discharge, monthly................. 194
gageheights. . ... .. .. ... 193
rating table....... ... ...l 194 .
‘Walden, Colo.:
description...... ...l 190-191
discharge. . :. .. .oooiiiiiiiiiiiiia 191
192
191
191
Milk River at— .
Chinook, Mont.:
discharge. ... ... . ... ... 86
gageheights.. ... ..... .. ... ... 86
Harlem, Mont.:
discharge...... . ... 86
gageheights. ... _............ . .. 86
Havre, Mont.:
deseription...... ... 57
discharge. ... ... ...l 57
discharge, monthly... ............. 59
gage heights
ratingtable .. .. . .. ... .. .....
Hinsdale, Mont.:
discharge......ooooooiieiniannnaiaa. 86
gage heights._.... g eeaaaan 86
Seepage measurements................. 85
Yantic, Mont.:
discharge. .. .......o..ooiiiiiiiiia. 86
gageheights_. ... .. ... .. ... 86
Zurich, Mont.:
discharge 86
gage heights 86
Milk River, North Fork, near—
Chinook, Mont.: .
® description. ...l 61
discharge. ....c..oeeeeiieinnannan... 62
discharge, monthly. . .. 63
gage heights......._. R 62
rating table. .. ...... .. ... ....... 63
Milk River, South Fork near— .
Browning, Mont.:
deseription. ... ... ool 55
discharge........cocciiiiaiiaiaa.. 55
discharge, monthly. . 56
gage heights. ... ... .......... ... 56
Milk River, West Fork at—
Chinook, Mont.:
description.,.
discharge...... 86
gageheights. ... ... ... ... .. ... 86
Milk River basin:
description. ... ........ ..ol 54-55
miscellaneous measurements in........ 86
Milk River Valley—
Private canals in:
description. ... ....o.oooiiiiiiill 67
discharge....ecueeaeniieninenaaaan 67-84
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INDEX.

discharge, da,ily
discharge, monthly.._.._....... ... 166
gageheigh$s. .. ... .. ... ... ..... 164
Missouri Riyer at and near—
Bismarck, N. Dak.:
deseription.. . ... .........o.ol... 30
discharge..... ... ......o...... . 31
discharge, monthly 32
gageheights. ... .. ... ... . ... 31
ratingtable.... ... ... .. ... ... 32
Cascade, Mont.:
deseription.............oco ... 24
discharge. ... . ... ............. .. 25
discharge, monthly - 26
gageheights. ... .. ... ... ...
ratingtable...... .. ...............
Great Falls, Mon
description. .

discharge
water used by Boston and Montana
Smelter..... ... ... ... .. 27-28
Kansas City, Mo.:
description......................... 32-33
discharge.......cooooeiiiiuai. . -. 33
discharge, monthly . . 35
gageheights. ... ... ... ... . 34
rating table......_.......... .. ..., 35
Mannhaven, N. Dak.:
discharge..........o.coooiiiiii.. 36
Washburn, N. Dak.: .
deseription..... ... ... ... ... ... 30
gage heights 30
Williston, N. Dak.:
deseription.... ... ... ... s
discharge. ...
gage heights.
Missouri River basin:
description. ....... . ... .. .o.oLo.... 12
miscellaneous measurements........... 36

Mitchell, Nebr.
North Platte River near:

deseription 202
discharge..................... 202
discharge, monthly 204
gageheights.. ... ..._.... ... 202
rating table... .. ............ 202
Moreau River at—
Bixby, 8. Dak.:
description 137-138
discharge. ... ... . ... .. ... 138
discharge, monthly . 140
gage heights 139
rating table.. e 139
Multiple-point method of measuring
charge, descriptionof........... 9
Musselshell River at—
Shawmut, Mont.:
deseription. ... ......o............. 87
discharge. ... 88
gage heights. . 88
N.
Niobrara River near—
Valentine, Nebr.:
AeSCriPtiON .« e e e eeaaneaeenann 168-169
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Valentine, Nebr.—Continued. :
discharge..........ccooiioiiiaiio. 169
discharge, daily..................... 171
discharge, monthly................. 171
gageheights. ... .. ... ....... ... 170

Niobrara River basin: ...
description....... detesancaceaannnans 167-168
miscellaneous measurements 173
Norr:s, Mont.
Madison River (including Cherry Creek)
near:
deseription. ... ... ... ... 16
discharge.............._... 17
discharge, monthly .18
gage heights 17
rating tables.................. S 18
North Fork Milk River. See Milk River,
North Fork.
North Platte, Nebr.

North Platte River at:
deseription....... ... ... ......... 207
discharge........... . 207
discharge, m - 209
gage heights . 208
rating table 208

South Platte River at:
diseharge. .. ....ccoeeeiieaeeaa.... 234

North Platte River at and near—

Alcova, Wyo.:
description. ... .....coiiiiiaeo... 199-200
discharge, monthly. 201
gage heights........ . 200
rating table.................... . .. 201

Bridgeport, Nebr.:
deseriptioh................__. 204
discharge........... 205
discharge, monthly. 206
gage heights.......... N 205
rating table... ... ... .. . .. ... 206

Cowdrey, Colo.:
description................. PR 185-186
discharge......... 186
discharge, monthly.. 187
gageheights. ... ... .............. 186
ratingtable .. ... . .. . ......... 187

Guernsey, Wyo.:
deseription.............. ... ... 196-197
discharge. ... .....cooo.oooo ... 197
discharge, monthly. . 199
gage heights. ... ... 198
rating table............... ..., 198-199

Hebron, Colo.:
deseription............... PO, 183
discharge....... 184
discharge, monthly .. 185
gage heights. ... 184
rating table..._._ ... . ...._.... 185

Mitchell, Nebr.:

"description............ ... ... 202
discharge. ... 202
discharge, monthly. . 204
gage heights._.... 202

“rating table......................... 202

North Platte, Nebr.:
description ....
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North Platte River at and near—Cont’d. Page.
North Platte, Nebr.—Continued.

discharge, monthly... ......_...... 209
gageheights .. ... .. ... ...... 208
ratingtable..... ... .. ............ 208

‘Saratoga, Wyo.:
deseription . . . ..... ... ...l 194
discharge. .........c..ooooiiill.. 195
discharge, monthly................. 196
gage heights........................ 195
rating table............co.ooo..L 196

North Platte basin:
description . . . ... ... ool 173-174
North Platte River, North Fork, at—

-Higho, Colo.:
deseription...........ocooll.. 181-182
discharge......ocoeceeeiiaacaana.. 182
discharge, monthly................. 183
gageheights............ ... ...... 182
rating tables..._......_....._....... 183

North Platte River, Roaring Fork, near—
Hebron, Colo.:

deseription.... ..ol

discharge. ..

discharge, monthly................. 181

gageheights_.........___........... 180

rating table...... ....... ... . ... 180
S

bsa.ge River at—

Ottawa, Kans.:
description..............o.ooiil.
discharge.....
gageheights. .. ....................

Ottawa, Kans.

Osage River at:
deseription......................
discharge.......
gage heights

Paradise Valley canal near—
Chinook, Mont.:

discharge, monthly . .
gageheights.................. .0
Parallel Creek ditches near—
Harlem, Mont.:
deseription . . ...l
Piney Creek at—
Kearney, Wyo.:
. deseription .
discharge.......
discharge, monthly .
gage heights. ...
rating table......... e aaaas 120
Platte River near—
Columbus, Nebr.:

&

deseription.. ...l 237
discharge..... ...l 238
discharge, monthly. . 239
gageheights...._.............. ... 238
rating table ... ... . ... . ... 239

Lexington, Nebr.
deseription...ccemiciaeiiciniannn. 235
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Platte River near—Continued. Page. | Republican River at and near—Cont’d. Page.

Lexington, Nebr.—Continued. . Junction, Kans.—Continued.
diseharge. ... ...oo..oooiiiiaooo. . 236 discharge, monthly.. .........._... 254
gageheights. ... _...... ... 236 gage heights.._............ 252

Platte River basin: rating table 253
deseription . ............ ... 173,234-235 | Republican River basin: -
Pryor Creek at— description... ... .. ... ...l 244

Huntley, Mont.: Republican River, North Fork, at—
deseription. ... ...l 103 Benkelman, Nebr.:
discharge...... ...l 103 discharge........o....ocooioaaiiil 254
discharge, monthly. ... . ... . ... 105 | Republican River, South Fork, at—
gage heights._..._........ PO 104 Benkelman, Nebr.:
rating table. ... ... .. ... .. .. ... 105 deseription. ... ... . ... 249

discharge . 249

) R. discharge, monthly................. 251°

Rapid C.reek at— gage heights._ .. .................... 250
-Rapid, S. Dak.: rating table......................... 250
deseription........................ 151 | Reser ditch near—
discharge......................... 152 Chinook, Mont.:
dlschar._ge, monthly. 153 AeSCription .. .- .o oomoeeee e 79
gage heights 152 discharge 79
rating table........._... ... ... 153 L DTt
Rapid, 8. Dak. - dlscharge, monthly R 80

Rapid Creek at: ) gage heights........................ 80
description. . . 151 Rlchardton,'N. Dak.
discharge. ....... 152 Heart RI.VEI‘. near:
discharge, monthly................. 153 deseription. .........ocoonoionnnns
gage heights. .. 152 discharge. ...............
rating table. . 153 dlscharge, monthly......

Spring Creek near: gage heights.............
deseription. . ... ....coo.oeioo.... 149 _ ratingtable............olills
QESCHATE e eeoeeeeoeee o 149 Roaring For!: River. ‘See North Platte
discharge, monthly 151 River, Roaring Fork.
gage heights 150 | Rock t.',‘reek at—
rating table......... . 150 Hinsdale, Mont.:

Rating curves, methods of constructing. ._. 10-11 discharge.......................... 86
Rating tables, methods of construeting. ... 10,11 gage heights 86
Red Deer Lake near— Rock ereek canal near—

Woodlake, Nebr.: Hmsdale: M})nt.:

AeSCTIPtON - - oo, 172 dgscrlptlon ......................... 83-84
gage heights. ..._................_.. 172 discharge. ............. -
Redwater canal at— - discharge, monthly....... - 84

Minnesela, 8. Dak.: gageheights...................... 84
AeSCrIPLION o oot 163 | Rok ta diteh near—
discharge. . . . 164 Chinook, .Mgnt.:
discharge, daily..................... 165 description b 83
discharge, monthly 166 Rules for computation ) e 4
gage helghts. ....................... 164 | Run-off, office metpgds of computing. ... 10-12

Redwater Creek at— in inches, definition of ... .___.._._... 3

Belle Fourche, 8. Dak.: ’
description 159 | Salesville, Mont.
discharge.................. 160 West Gallatin River near:
discharge, monthly 161 deseription . - ... ... 21
gage heights 160 discharge .. ................o....... 22
ratingtable.. . ................._.... 161 discharge, monthly - 24

Republican River at and near— gage heights 23

Benkelman, Nebr.: rating table 23
deseription. .. ... ................... 247 | Sappington, Mont.
discharge..... . ... 248 Jefferson River near:
gage heights. ... . ... ... ... 248 deseription.

Bostwick, Nebr.: discharge .
deseription. _..................... 244-245 discharge, monthly.._.. ... SR 16
discharge... ... ............. ... 245 gage heights... .. ... ............ 15
discharge, monthly 247 ratingtable... ... ... ... 15
gage heights. ... ... .. ... ..... 245 | Saratoga, Wyo.
rating table. .. ... .............. . 246 North Platte River at:.

Junetion, Kans.: ) description 194

! discharge 195
discharge, monthly 196




Saratoga, Wyo.—Continued.
North Platte River at—Continued.
gage heights......... ... ... ... 195
rating table. ... ... _............. 196
Scott City, Kans.
Beaver River (Ladder Creek) near:

description. ... ... ..., 256-257
gage heights. ... ... ... ... .. 257
Second-foot, definitionof ... ___ ... ....... 3

Seepage measurements:

Cutbank Creek, Mont. ... ... ._._._.._. 85
Milk River, Mont........._._........... 85
Seim, S. Dak.

Grand River at:
deseription. ... 135-136
discharge. ....... ...l 136
discharge, monthly . 137
gage heights................... ... 136
ratingtable. ... ... ... ... ... . ... 137

Shawmut, Mont.

Musselshell River at:
description.. ... ... . ... .. 87
discharge. .. ... ... 88
gage heights. ... ... ... ... .. .. 88

Shelby, Mont.

Marias River near:
deseription..... .. .. ... ... 48
discharge 49
discharge, monthly 50
gage heights . 49
rating table.....................L 50

Shoshone River near—

Cody, Wyo.:
description. . . N .. u3
discharge.............. . 114
discharge, monthly._ ............... 115
gageheights. . ... ................ 114

Shoshone River, South Fork, at—

Marquette, Wyo.:
description. ... ...l 115
discharge................ .... 116
discharge, monthly PO 4
gage heights 116
rating table 117

Single-point method of measuring discharge,
deseriptton of. .. ............... .9
Sixteen Mile Creek at—
. Lombard, Mont.:
discharge...........ococivuinnaan. 36
Slope method of measuring discharge, use
and valueof ... .. .. ........... 6
Smith River at—

Truly, Mont.:
deseription 36
discharge. . 37
gage heights 37

Smoky Hill River basin:
deseription. . ...l 254
Smoky Hill River at—

Ellsworth, Kans.:
deseription.........o.o......oo.... 255
~discharge.... 255
gageheights..... .................. 256

South Fork Milk River. See Milk River,
South Fork.

South Fork Republican River. See Repub-
lican River, South Fork,
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South Fork South Platte River. See South
Platte River, South Fork.
South Platte, Colo.
South Platte River at:

description

discharge............ ..
discharge, monthly................. 220
gage heights__........... ... ... 219
rating table 220

South Platte River, South Fork, at

description. ... ..ol 220-221
discharge.... ...l 221
discharge, monthly................. 223
gage heights....... 222
rating table....... 222

South Platte River at and near—
Denver, Colo.:

description
discharge
discharge, daily
discharge, monthly
gage heights
Julesburg, Colo.:
description............... ...l 229
discharge. .......coooooiolL 230
discharge, monthly................. 231
gage heights........c............... 230
rating table. ... . ... .. ... 231
Kersey, Colo.:
description. ... ..ol 227
discharge.......coeoooi i 227
discharge, monthly..............._. 229
gage heights ... ....... ... ... 228
rating table...... et eemeeenaeaaas 228
North Platte, Nebr.:
description. . ........o.. ..o 234
South Platte, Colo.: .
deseription. ...l 217-218
discharge. ... ... 219
discharge, monthly. ... .~......... 220
gage heights................ .. ... 219
rating table.......................- 220
South Platte basin: -
deseription. ...l 216-217
miscellaneous measurements...._...... 234
South Platte River, South Fork, at—
South Platte, Colo.:

+ description............ ..ol 220-221
discharge. .....occoeeeiiaiiiii. 221
discharge, monthly......_......._.. 223
gage heights_..............._....... 222
rating table_ ... ... .. ........... 222

Spearfish Creek near—
Spearfish, S. Dak.:
description. .. ... ..., 161162
discharge 162
discharge, monthly . 163
gageheights. .. ........... .. ... . 162
rating tables.............. ... . ... 163
Spearfish, 8. Dak. )
Spearfish Creek near:
description 161-162
discharge. .. ..o.coooooiiiiiiiiiia. 162
discharge, monthly R 163
gage heights.............. ... . 162
rating tables 163
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Spring Creek near—
Rapid, S. Dak.:

Page

description...........oooo...... - 149

discharge............ 149

discharge, monthly. . 151

gage heights......... ee.. 150

rating tables................ ... 150
Stevenson, N. Dak.

Cannon Ball River at:

description i34

discharge.......... 134

gage heights 135
Stream flow, field methods of measuring... 6-10

Sun River at—
Sun River, Mont.:
description.. ... ............ ... 42
discharge............

discharge, monthly. . J 43
gage heights........._.............. 43
Sun River basin:
deseription. ... ... .. ... iiilo.. 37-38
* miscellaneous measurements.__......... 45

Sun River, Mont.
Sun River at:
description. ... .. .. ... ..ol
discharge. ... ..coooiieeiiiaaanao..
discharge, monthly
gageheights........................

Sun River, North Fork near—

Augusta, Mont.:

description 38
discharge.......... ceen 38
discharge, monthly ... .. ...... ... 40
39
39

gage heights
rating tables
Sun River, South Fork at—
Augusta, Mont.:
deseription. ... ...coooiiiiiia il 40

discharge. ... . ... .. ... 40

discharge, monthly..............._. 42

gageheights___ ... . ... ... ... 41

rating tables. ... .. ...l 41
- T.

Tables, explanationof._....._.......... ... T4
Teton River near— S
Belleview, Mont.:

deseription .. 52

discharge...... . 52

gage heights...._. A, 53
Choteau, Mont.:

deseription.... ...l 53-54

discharge............ooociciiil 54

gageheights._...... ... ... ... 54

Thermopolis, Wyo.
Bighorn River at:

description. ..ol 106
discharge. ......oceoeeeeiecanaaaa.. 106
discharge, monthly................. 108

107
rating table... .. ... ... .. ... ... 107

Truly, Mont.
Smith River at:

description. . ... 36
discharge........ .. 3

gageheights. .. ... .. . ... .. ... 37
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Valentine, Nebr.
Niobrara River near:
description. . ... ... ...
discharge.....
discharge, daily.....
discharge, monthly.
gageheights. .. ... .. ... .. .. ...
Velocity method of measuring discharge,
description of._.................
Vertical-integration method of measuring
discharge, description of......_.. 9
Vertical-velocity-curve method of measur~

ing discharge, description of.... 89
ey
w.
Walden, Colo.
Michigan Creek near:
description. ... ... .............. 190-191
discharge. .........o..coio.... 191
discharge, monthly. ... ....._....... 192
gage heights 191
rating table................. , 191
Washburn, N. Dak.
Missouri River at:
description. .......ccooiiiiaiaoa. 30
gageheights. ... ... ............... 30
Weir method of measuring discharge, re-
quirementsof................... 6-7
West Fork ditch near—
Chinook, Mont.:
description. . 81
discharge. ... ............. - 81
discharge, monthly...._......_..... 82
gageheights. .. ... ... ... ... ... 82
West Gallatin River near—
Salesville, Mont.:
description. ... ... 21
discharge.._ .. ........ 22
discharge, monthly.._.... 24
gage heights. . _........... B 23
ratingtable......... ... ... ... 23
‘White River at—
Interior, S. Dak.:
deseription. ._......... eeerenann 166
discharge........cococoeounns e emeeen 167
gage heights. . ......s. ... ... 167
Williston, N. Dak.
Little Muddy River at:
description 89
89
discharge, monthly - 91
gage heights. .......... ... . ... 90
rating table....... ... ... .. ... 90 -
Missouri River near:
deseription.. ... ... .........ool.
discharge. ..
gage heights

Willow Creek near—
Augusta, Mont.: .
deseription.. ... ...o......iill. 43-44

discharge. . .cooveecaccraanannaaaa. 44
gageheights. .. ... . ... ... 44
‘Winter-Anderson Canal near—
Chinook, Mont.:
deseription.c..ooeennienniiioa. 83
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gage heights. .. ... ... ..l 172 Livingston, Mont.:
- deseription. .. ... .......oo.ool. 92-93
Yantie, Mont. ’ d{scharge e 98
. . discharge, monthly................ 95
Milk River at: . -
. gage heights 94
discharge...... ...l 86 !
; rating table............ . .......... 94
gage heights. .............. ... .. 86 Yell " Ri basin:
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CLASSIFICATION OF THE PUBLICATIONS OF THE UNITED STATES GEOLOGICAL
SURVEY.

[Water-Supply Paper No. 172.]

The publications of the United States Geological Survey consist of (1) Annual
Reports, (2) Monographs, (3) Professional Papers, (4) Bulletins, (5) Mineral
Resources, (6) Water-Supply and Irrigation Papers, (7) Topographic Atlas of
United States—folios and separate sheets thereof, (8) Geologic Atlas of United
States—{olios thereof. The classes numbered 2, 7, and 8 are sold at cost of publica-
tion; the others are distributed free. A circular giving complete lists may be had
on application.

Most of the above publications may be ohtained or consulted in the followmg
ways:

1. A limited number are delivered to the Director of the Survey, from whom they.
may be obtained, free of charge (except classes 2, 7, and 8), on application.

2. A certain number are delivered to Senators and Representatives in Congress, for
distribution. ¢

3. Other copies are deposited with the Superintendent of Documents, Washington,
'D. C., from whom they may be had at practically cost.

4. Copies of all Government publications are furnished to the principal public
libraries in the large cities throughout the United States, where they may be con-
sulted by those interested.

The Professional Papers, Bulletins, and Water-Supply Papers treat of a variety of
subjects, and the total number issued is large. They have therefore been classified

_into the following series: A, Economic geology; B, Descriptive geology; C, System-
atic geology and paleontology; D, Petrography and mineralogy; E, Chemistry and
physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irrigation; J, Water stor-
age; K, Pumping water; L, Quality of water; M, General hydrographic investiga-
tions; N, Water power; O, Underground waters; P, Hydrographic progress reports.

Series P.—The hydrographic progress reports contain the results of stream measurements. A
report is issued for every calendar year, containing the results of data collected during that year.
These reports were first published as a part of the Director's annual report or as a bulletin; they are
now published as water-supply and irrigation papers. The following is a list, by years, of the publi-

cations containing the progress reports of stream measurements. A detailed index of these reports
(1888-1903) is published as Water-Supply Paper No. 119,

1888. Tenth Annual Report, Part II.
1889. Eleventh Annual Report, Part IL.
1890. Twelfth Annual Report, Part II.
1891. Thirteenth Annual Report, Part III.
1892, Fourteenth Annual Report, Part I1.
1893. Bulletin No. 181.
1894. Bulletin No. 131; Sixteenth Annual Report, Part II.
1895. Bulletin No. 140.
1896. Water-Supply Paper No. 11; Eighteenth Annual Report, Part IV.
1897. Water-Supply Papers Nos. 15 and 16; Nineteenth Annual Report, Part IV.
1898. Water-Supply Papers Nos. 27 and 28; Twentieth Annual Report, Part IV.
1899. Water-Supply Papers Nos. 85, 36, 37, 38, and 39; Twenty-first Annual Report, Part IV,
1900. Water-Sopply Papers Nos. 47,48, 49, 50, 51, and 52; Tweunty-second Annual Report, Part IV.
‘1901, East of Mississippi River, Water-Supply Papers Nos. 65 and 75.
West of Mississippi River, Water-Supply Papers Nos. 66 and 75.




1I

1902.

1904.

1905,

The Geological Survey and the Reclamation Service have suboffices in different parts of the United -
States, from which hydrographic and reclamation work in the respective localities is carried on, and

1903,

SERIES LIST.

East of Mississippi River, Water-Supply Papers Nos. 82 and 83. o
West of Mississippi River, Water-Supply Papers Nos. 84 and 85.
East of Mississippi River, Water-Supply Papers Nos. 97 and-98,
West of Mississippi River, Water-Supply Papers Nos. 39 and 100,
East of Mississippi River, Water-Supply Papers, Nos. 124, 125, 126, 127, 128,-and 129,
West of Mississippi River, Water-Supply Papers Nos. 130, 131, 132, 133, 134, and 135.
East of Mississippi River, Nos. 165, 166, 167, 168, 169, 170, and 171,

West of Mississippi River, Nos, 171, 172, 173, 174, 175, 176, 177, and 178.

where data may be obtained on application. These offices are located as follows:
Boston, Mass., 6 Beacon street; Utica, N. Y., 75 Arcade; Atlanta, Ga., 409 Temple court; Austin,

Tex., University of Texas; Chicago, Ill., 876 Federal Building; Belle Fourche, 8. Dak.; Cody, Wyo.;

Denver, Colo., Chamber of Commerce Building; Salt Lake, Utah; Los Angeles, Cal., 1108 Union Trust
Building; Phoenix, Ariz.; Carlsbad, N. Mex.; El Paso, Tex.; Billings, Mont.; Huntley, Mont.; Hazen,

Nev.; Boise, Idaho; North Yakima, Wash.; Portland, Oreg., 351 Washington street.
Correspondence should be addressed to

THE DIRECTOR,
UNITED STATES GEOLOGICAL SURVEY,
WasHINGTON, D. C.

Avuagusr, 1908.
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