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SURFACE WATER SUPPLY OF THE MISSOURI RIVER
BASIN, 1907-8.

By RoBerT Forransee and J. E. STEWART.

INTRODUCTION.

AUTHORITY FOR INVESTIGATIONS.

This volume contains results of flow measurements made on cer-
tain streams in the United. States. The work was performed by
the water-resources branch of the United States Geological Survey,
either independently or in cooperation with organizations mentioned
herein. These investigations are authorized by the organic law of
the Geological Survey (Stat. L., vol. 20, p. 394), which provides,
among other things, as follows:

Provided that this officer [the Director] shall have the direction of the Geological

Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

Inasmuch as water is the most abundant and most valuable
mineral in nature, the investigation of water resources is included
under the above provision for investigating mineral resources. The
work has been supported since the fiscal year ending June 30, 1895,
by appropriations in successive sundry civil bills passed by Congress
under the following item:

For gaging the streams and determining the water supply of the United States, and
for the investigation of underground currents and artesian wells, and for the prepara-
tion of reports upon the best methods of utilizing the water resources.

The various appropriations that have been made for this purpose
are as follows:

Annual appropriations for the fiscal year ending June 30—

1 25 e teeeeeeaaeaans $12, 500
LS T et 20, 000
1897 t0 1900, Inclusive. . ooe e ettt i e e ee e 50, 000
1901 to 1902, inclusive. . ... .o et c e 100, 000
1903 t0 1908, INCIUSIVE . c et ettt 200, 000
07 - e e e e e e e e 150, 000
1908 t0 1910, INCIUSIVe. e ee e e e e e 100, 000
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SCOPE OF INVESTIGATIONS.

These investigations are not complete, nor do they include all the
river systems or parts thereof that might purposefully be studied.
The scope of the work is limited to that which can be provided with
the appropriations available. The field covered and the character
of the work are believed to be the best that could be accomplished
under the controlling conditions. It would undoubtedly be of more
scientific importance and ultimately of more practical value if the
money now applied to wide areas were concentrated on a few small
basins. Such a course is impossible, because general appropriations
made by Congress are applicable to all parts of the country. Each
part demands its proportionate share of the benefits.

It is essential that records of stream flow shall be maintained dur-
ing a period of years sufficient to cover all stages, in order that within
reasonable limits the entire range of flow from the absolute maximum
to the absolute minimum may be determined. The length of such a
period manifestly varies for different streams and can not be abso-
lutely determined. Experience has shown that the records should
cover from five to ten years, or for some streams twenty years or
more, the limit being determined by the relative importance of the
stream and the interdependence of the results and other long-time
records on adjacent streams.

In the performance of this work the Geological Survey endeavors
to approach as nearly as possible the highest degree of precision
which a rational expenditure of time and a judicious expenditure of
a small amount of money will allow. In all engineering work there
is a point of refinement beyond which it is needless and wasteful to
proceed, and this principle applies with especial force to stream-flow
measurements. It is confidently believed that with some unavoid-
able exceptions the stream-flow data presented in the publications of
the Survey are sufficiently accurate for all practical purposes. Many
of the records are, however, of insufficient length, owing to the unfore-
seen reduction of appropriations and consequent abandonment of
many stations. All persons are cautioned to exercise the greatest
care in the utilization of such incomplete records.

Records of varying lengths have been obtained at about 1,400 dif-
ferent points in the United States, and in addition the surface water
supply of small areas in Seward Peninsula and the Yukon-Tanana
region, Alaska, has been investigated. During 1907 and 1908 regular
gaging stations were maintained by the Survey and cooperating
organizations at about 740 points in the United States, and in addi-
tion numerous miscellaneous measurements were made. Data were
also obtained in regard to precipitation, evaporation, storage reser-
voirs, river profiles, and water power in many sections of the country.
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These data will be made available in the regular surface water-supply
papers and in special papers from time to timé.

PURPOSES OF THE WORK.

Among the purposes for which the results contained in this volume
are requisite are navigation, irrigation, domestic water supply, water
power, swamp and overflow land drainage, and flood prevention.
The demands of all these interests are immediate.

Navigation.—The Federal Government has expended more than
$250,000,000 for the improvement of inland navigation, and pros-
pective expenditures will approximate several times this amount.
It is obvious that the determination of stream flow is necessary to
the intelligent solution of the many problems involved.

Irrigation.—The United States is now expending $42,000,000 on
federal irrigation systems, and this amount 1s far exceeded by the pri-
vate expenditures of this nature in the arid West. The integrity of
any irrigation system is based absolutely on the amount of water
available. Therefore investigations of stream flow in that portion
of the country are of first importance in the redemption of the lands,
as well as constituting an insurance of federal and private investments.

Domestic water supply.—The highest use of water is that of do-
mestic supply, and while the federal interest in this aspect of the
matter is less direct than in the aspects already named this use of
water nevertheless has so broad a significance with respect to the
general welfare that the Federal Government is ultimately and inti-
mately concerned.

Water power.—The time is rapidly approaching when the develop-
ment of the water power of the country will be an economic necessity.
Our stock of coal is being rapidly depleted and the cost of steam
power is increasing accordingly. Industry will cease its growth if
cheap power is not available, and in that event the United States as a
nation will cease to progress. Water power is the only avenue now
open. When the electric transmission of power was accomplished,
the relation of our water powers to national econemy changed en-
tirely. Previous to the day of electric transmission the importance
of a water power was largely confined to the locality at which it was
generated, but it has now become a public utility in which the indi-
vidual citizen is vitally interested. Inasmuch as the amount of
water power that may be made available is dependent on the flow
of rivers, the investigation of flow becomes a prerequisite in the
judicious management of this source of energy.

Drainage of swamp and overflowed lands—More than 70,000,000
acres of the richest land in this country are now practically worth-
less, or of precarious value, by reason of overflow and swamp con-
ditions. 'When this land is drained it becomes exceedingly produc-
tive and its value increases many fold. Such reclamation would
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add to the national assets at least $700,000,000. The study of run-
off is the first consideration in connection with drainage projects.
If, by the drainage of a large area into any particular channel, that
channel becomes so gorged with water which it had not hitherto been
called upon to convey that overflow conditions are created in places
where previously the land was not subject to inundation, then drain-
age results merely in an exchange of land values. This is not the
purpose of drainage improvement.

Flood prevention.—The damage from floods in the United States
exceeds $100,000,000 annually, and in the year 1908 the aggregate
damage, based on reliable data, approximated $250,000,000. Such
an annual tax on the property of great regions should be reduced in
the orderly progress of government. It goes without saying that any
consideration of flood prevention must be based on a thorough
knowledge of stream flow, both in the contributing areas which fur-
nish the water and along the great lowland rivers.

PUBLICATIONS.

The data on stream flow collected by the United States Geological
Survey since its inception have appeared in the annual reports,
bulletins, and water-supply papers. Owing to natural processes of
evolution and to changes in governmental requirements, the character
of the work and the territory covered by these different publications
has varied greatly. For the purpose of uniformity in the presenta-
tion of reports a general plan has been agreed upon by the United
States Reclamation Service, the United States Forest Service, the
United States Weather Bureau, and the United States Geological
Survey, according to which the area of the United States has been
divided into twelve parts, whose boundaries coincide with certain
natural drainage lines. The areas so described are indicated by the
following list of papers on surface-water supply for 1907 and 1908.
The dividing line between the North Atlantic and South Atlantic
drainage areas lies between York and James rivers.

Papers on surface water supply of the United States, 1907-8.

Part. | No. Title. ‘Part. No. Title.

IT | 242 | South Atlantic coast and eastern || VII | 247 | Lower Mississippi River basin.
Gulf of Mexieco. | VIII | 248 | Western Gulf of Mexico.
IIT | 243 | Ohio River basin. IX | 249 | Colorado River basin,
IV | 244 | St. Lawrence River basin.

V | 245 | Upper Mississippi River and Hudson
Bay basins.

|
|

1| 241 | North Atlantic coast. | VI| 246 | Missouri River basin.
7

X | 250 | Great Basin.
XI| 251 | California.
XI1 | 252 | North Pacific coast.
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The following table gives the character of data regarding stream
flow at regular stations to be found in the various publications of the
United States Geological Survey exclusive of all special papers.
Numbers of reports are inclusive, and dates also are inclusive, so far as
the data are available.

Stream-flow data in reports of the United States Geological Survey.

[Ann.=Annual Report; B.=Bulletin; W. S.=Water-Supply Paper.]

Report. Character of data. Year.
10th Ann., pt. 2........ Descriptive informationonly. ... . . . . ... ... . ... ...
11th Ann., pt. 2........ Monthly discharge. . ... . i 1884 to Sept.,
1890.
12th Ann., pt.2........|..... 6 1884 to June 30,
1891.
13th Ann,, pt.3........ Mean discharge insecond-feet. ... ... .. ... ... ... ... ...... 1884 to Dec. 31,
1892.
14th Ann., pt.2......_. Monthly discharge (long-time records, 1871 t0 1893)......_...... 1882 to Dec. 31,
1893.
B.13 Descriptions, measurements, gage heights, and ratings.......... 1893 and 1894.
16th .| Descriptive informationonly. ... . .. ... .. .. ... ... ...
B. 140. Descriptions, measurements, gage heights, ratings, and monthly | 1895.
discharge (also many data covering earlier years).
W.S. 11............... Gage heights (also gage heights for earlier years). ............. 1896
i18th Ann.,pt.4._...... Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
(alsosimilar data for earlier years).
W.S. 150 .. Descriptions, measurements, and gage heights, eastern United | 1897.

States, eastern Mississippi River, and Missouri River above
junction with Kansas.

W.S. 160 0ol Descriptions, measurements, and gage heights, western Missis- | 1897.
sippi River below junction of Missouri and Platte, and west-
ern United States.

19th Ann., pt. 4........ Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some long-time records).
W.S8.27 Measurements, ratings, and gage heights, eastern United States, | 1898.
eastern Mississippi River, and Missouri River.
W.S.28 .. ...l Measurements, ratings, and gage heights, Arkansas River and | 1898.
western United States.
20th Ann., pt.4........ Monthly discharge (also for many earlier years)................. 1898,
W.8.35t039.......... Descriptions, measurements, gage heights, and ratings......... 1899.
21st Ann,, pt.4........ Monthly discharge. . ... ... .. .. ..ol 1899.
W. S. 47 to 52 Descriptions, measurements, gage heights, and ratings......... 1900,
22d Ann., pt. 4.. ...| Monthly discharge. . ...... ... . i 1900.
W. 8 . ...| Descriptions, measurements, gage heights, and ratings......... 1901.
w. ...| Monthly diseharge. . ... ..o . i i i 1901.
w. ./ Completedata... ... ... ... .. ...l 1902.
w. i (o 1903
Ww.S. L 1904.
W.S.165t0 178 16 1905.
W.S.201to214. ... ... Complete data, except deseriptions................... ... ... 1906.
W.8.241t0252........ Completedata. .. . ... ... . ... 1907-8.

Nore.—No data regarding stream flow are given in the 15th and 17th annual reports.

The records at most of the stations discussed in these reports
extend over a series of years. An index of the reports containing
records prior to 1904 has been published in Water-Supply Paper 119.
The first table which follows gives, by years and drainage basins, the
numbers of the papers on surface-water supply published from 1899
to 1908. Wherever the data for a drainage basin appear in two
papers the number of one is placed in parentheses and the portion of
the basin covered by that paper is indicated in the second table. For
example, in 1904 the data for Missouri River were published in Water-
Supply Papers 130 and 131, and the portion of the records contained
in Water-Supply Paper 131, as indicated by the second table, is that
relating to Platte and Kansas rivers.
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Numbers of water-supply papers containing results of stream measurements, 1899-1908.

1899.a | 1900.5 | 1901. 1902. 1903. 1904. 1905. 1906. | 1907-8.
Atlantic coast and eastern
Gulf of Mexico:
New England rivers..... 35 47 | 65,75 82 97 124 165 201 241
Hudson River to Dela-
ware River,inclusive. . 35 [47,(48) | 65,75 82 97 125 166 202 241
Susquehanna River to
York River, inclusive. 35 48 | 65,75 82 97 126 167 203 241
James River to Yadkin
River,inclusive........ (35),36 48 | 65,75 |(82),83 |(97),98 126 167 203 242
Santee River to Pearl
River, inclusive..... 36 481 65,75 83 98 127 168 204 242
. St. Lawrence River... 49 | 65,75 {(82),83 97 129 170 206 244
Hudson Bay....coooveiiiaiifoiiaiai]oamnannn 66,75 85 100 130 171 207 245
Mississippi River:
Ohio River.............. 36 [48,(49) | 65,75 83 98 128 169 205 243
Upper Mississippi River.| 36 19| 6,75 83 |98, (99) (113%8)’ } m| a7 245
Missouri River.......... (36),37 |49,(50) | 66,75 84 99 (1133{’3 } 172{ 208 246
Lower Mississippi River.| 37 50 { (5% }(83),84 (98,99 [{ 12, | (169, 1 (208 } 247
Western Gulf of Mexico...... 37 50 | 66,75 84 99 132 174 210 248
Pacific coast and Great Basin: 175 o11 210
i 133, :
Colorado River. ......... (37),38 50 | 66,75 8| 100 { i | o (221132)' (%g(l)')
Great Basin............. s, | 51| eses | sl 100 { B JT6) BB 2
South Pacific coast to N
Klamath River, inclu-
sive....... e (38),39 51 66,75 85 100 134 1_77 213 251
North Pacific coast. . ... 38 51] 66,75 85| 100 135 {(171’7)8’ } 214 252

e Rating tables and index to Water-Supply Papers 35-39 contained in Water-Supply Paper 39.
b Rating tables and index to Water-Supply Papers 47-52 and data on precipitation, wells, and irrigation
in California and Utah contained in Water-Supply Paper 52.

Number of water-supply papers containing data covering portions of drainage basins.

No.

River basin. Tributaries included.

James. ... ...l

Missouri........o..ooiiiL.l. Gallatin.

Colorado. ......o..ooooiieiiai. Green, Gunnison, Grand above junction with Gunnison.
Sacramento..... ... ..o Except Kings and Kern.

Great Basin..._........ ... ... Mohave.

DelaWare. . .oooouueuennionaaaon. Wissahickon and Schuylkill.

Ohio. ... . ..ol Seioto.

Missouri. ...l Loup and Platte near Columbus, Nebr. All tributaries below

junction with Platte.

Tower Mississippi................. Yazoo.
{J 23 14T

St. Lawrence ... .. .............. Lake Ontario, tributaries to St. Lawrence River proper.
Lower Mississippi. Yazoo.

James. ... ...l

Lower Mississippi. Do.

Upper Mississippi .| Tributaries from the west.

Lower Mississippi .| Yazoo.

Upper Mississippi -.| Tributaries from the west.

Missouri............... ... _.| Platte, Kansas.

Colorado. . .| Data near Yuma, Ariz., repeated.

Great Basin. ..| Busan, Owens, Mohave.

Lower Mlssxssnpm ................. Yazoo,

Colorado. .. ... ... Below junction with Gila.

Great Basin...................... Susan repeated, O wens, Mohave.

North Pacific coast................ Rogte, mpqua, Siletz.

Lower Mississippi .. Yazoo, Homochitto.
{Colora (e S, .| Data at Hardyville repeated; at Yuma, Salton Sce
Great Basin. Owens, Mohave.

Colorado.................... All stations in Colorado and Great Basin drainages lying in
Great Basin....................... California repeated.
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The order of treatment of stations in any basin in these papers is
downstream. The main stem of any river is determined on the
basis of drainage area, local changes in name and lake surface being
disregarded. After all stations from the source to the mouth of the
main stem of the river have been given, the tributaries are taken up
in regular order from source to mouth. The tributaries are treated
the same as the main stream, all stations in each tributary basin
being given before taking up the next one below.

The exceptions to this rule occur in the records for Mississippi
River, which are given in four parts, as indicated above, and in the
records for large lakes, where it is often clearer to take up the streams
in regular order around the rim of the lake than to cross back and
forth over the lake surface.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the ‘‘run-off”’ or ‘‘dis-
charge”’—is expressed in various terms, each of which has become
associated with a 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 inches, 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 generally used as a funda-
mental unit from which others are computed by the use of the factors
given in the following table of equivalents.

““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 is commonly used by miners and irrigators throughout the West
and is defined by statute in each State in which it is used.

““Second-feet per square mile” is 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.
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CONVENIENT EQUIVALENTS.

The following is a list of convenient equivalents for use in hydraulie

computations:
1 second-foot equals 40 California miner’s inches (law of March 23, 1901).
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 or 13.572 inches deep.
1 second-foot for one year equals 31,536,000 cubic feet,.
1 second-foot equals about 1 acre-inch per hour,
1 second-foot for one day covers 1 square mile 0.03719 inch deep.
1 second-foot for one 28-day month covers 1 square mile 1.041 inches deep.
1 second-foot for one 29-day month covers 1 square mile 1.079 inches deep.
1 second-foot for one 30-day month covers 1 square mile 1.116 inches deep.
1 second-foot for one 31-day month covers 1 square mile 1.153 inches deep.
1 second-foot for one day equals 1.983 acre-feet.
1 second-foot for one 28-day month equals 55.54 acre-feet,
1 second-foot for one 29-day month equals 57.52 acre-feet.
1 second-foot for one 30-day month equals 59.50 acre-feet.
1 second-foot for one 31-day month equals 61.49 acre-feet.
100 California miner’s inches equal 18.7 United States gallons per second.
100 California miner’s inches equal 96.0 Colorado miner’s inches.
100 California miner’s inches for one day equal 4.96 acre-feet.
100 Colorado miner’s inches equal 2.60 second-feet.
100 Colorado miner’s inches equal 19.5 United States gallons per second.
100 Colorado miner’s inches equal 104 California miner’s inches.
100 Colorado miner’s inches for one day equal 5.17 acre-feet,
100 United States gallons per minute equal 0.223 second-foot.
100 United States gallons per minute for one day equal 0.442 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 foot equals 0.3048 meter.
1 mile equals 1.60935 kilometers.
1 mile equals 5,280 feet.
1 acre equals 0.4047 hectare.
1 acre equals 43,560 square feet.
1 acre equals 209 feet square, nearly.
1 square mile equals 2.59 square kilometers.
1 cubic foot equals 0.0283 cubic meter.
1 cubic foot equals 7.48 gallons,
1 cubic foot of water weighs 62.5 pounds.
1 cubic meter per minute equals 0.5886 second-foot.
1 horsepower equals 550 foot-pounds per second.
1 horsepower equals 76.0 kilogram-meters per second.
1 horsepower equals 746 watts.
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1 horsepower equals 1 second-foot falling 8.80 feet.
1% horsepower equal about 1 kilowatt.

. Sec.-ft. Xfall in feet
To calculate water power quickly: —— X*ﬂ‘ —— =net horsepower on water

wheel realizing 80 per cent of theoretical power.
EXPLANATION OF TABLES.

For each drainage basin there is given a brief description of
general conditions covering such features as area, source, tribu-
taries, topography, geology, conditions of forestation, rainfall, ice
conditions, irrigation, storage, power possibilities, and other special
features of importance or interest.

For each regular current-meter gaging station are given in general,
and so far as available, the following data: Description of station,
list of discharge measurements, table of daily gage heights, rating
table, table of monthly and yearly discharges and run-off. For
stations located at weirs or dams the gage-height and rating tables
are omitted and a table of daily discharge is substituted. For
stations where the flow is computed by shifting-channel methods, a
table of daily discharge is given in place of rating tables, which are
not used in these methods of computation.

In addition to statements regarding the location and installation
of current-meter stations the descriptions give information in regard
to any conditions which may affect the constancy of the relation of
gage height to discharge, covering such points as ice, logging, shifting
conditions of flow, and backwater; also full information regarding
diversions which decrease the total flow at the measuring section.
Statements are also made regarding the accuracy and reliability of
the data.

The discharge-measurement table gives the results of the discharge
measurements made during the year, including the date, name of
hydrographer, width and area of cross section, gage height, and
discharge in second-{eet.

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. At most stations the gage is read in the morning
and in the evening. The gage height given in the table represents
the elevation of the surface of the water above the zero of the gage.
All gage heights during ice conditions, backwater {rom obstructions,
etc., are published as recorded, with suitable footnotes. The rating
is not applicable for such periods unless the proper correction to
the gage heights is known and applied. Attention is called to the
fact that the zero of the gage is placed at an arbitrary datum and has
no relation to zero flow or the bottom of the river. In general, the
zero is located somewhat below the lowest known flow, so that
negative readings shall not occur.
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The discharge measurements and gage heights are the base data
from which the rating tables and monthly-discharge tables are
computed.

The rating table gives, either directly or by interpolation, the
discharge in second-feet corresponding to every stage of the river
recorded during the period for which it is applicable. It is published
to enable engineers to determine the daily discharge by its appli-
cation to the table of gage heights or to check results in the table
of monthly discharge.

In the table of monthly discharge the column headed ‘“Maximum”
gives the mean flow, as determined from the rating table, for the day
when the mean gage height was highest. As the gage height is the
mean for the day, it does not indicate correctly the period when the
water surface was at crest height and the corresponding discharge
consequently 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 in cubic feet for each second during the
month. On this the computations for the remaining columns, which
are defined on page 13, are based.

FIELD METHODS OF MEASURING STREAM FLOW.

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 or dam; {3) by measurements of the velocity of the current and
of the area of the cross section. The method chosen depends on the
local physical conditions, 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
coeflicients to be used in the Chezy formula, v=c¢ /Rs. This has
been utilized by Kutter, both in developing his formula for ¢ and in
determining the values of the coefficient n which appears therein.
The results obtained by the slope method are in gencral only roughly
approximate, owing to the difficulty in obtaining accurate data and
the uncertainty of the value for » to be used in Kutter’s formula.
The most common use of this method is in estimating the flood dis-
charge 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. It is seldom used by the United States Geo-
logical Survey. For full information regarding this method the
reader is referred to the various text-books on hydraulics.

Weir method.—Relatively few stations are maintained at weirs or
dams by the United States Geological Survey. Standard types of
sharp-crested and broad-crested weirs within the limits for which
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accurate coefficients have been experimentally obtained give very
accurate records of discharge if properly maintained. At practically
all broad-crested weirs, however, there is a diversion of water either
through or around the dam, usually for the purpose of development
of water power. The flow is often complicated and the records are
subject to errors from such sources as leakage through the dam,
backwater at high stages, uncertainty regarding coeflicient, crest
which is not level, obstructions from logs or ice, use of flashboards,
old turbines with imperfect ratings, and many others, depending on
the type of development and the uses of the diverted water.

In general, records of discharge at dams are usually accurate enough
for practical use if no others are available. It has been the general
experience of the United States Geological Survey, however, that
records at current-meter gaging stations under unobstructed channel
conditions are more accurate than those collected at dams, and where
the conditions are reasonably favorable are practically as good as
those obtained at sharp-crested weirs.

The determination of discharge over the different types of weirs
and dams is treated fully in “Weir experiments, coefficients, and
formulas” (Water-Supply Paper 2002) and in the various text-
books on hydraulics. “Turbine water-wheel tests and power tables”
(Water-Supply Paper 180) treats of the discharge through turbines
when used as meters. The edition of the latter water-supply paper
is nearly exhausted. It can, however, be consulted at most of the
larger libraries of the country or can be obtained from the Superin-
tendent of Documents, Washington, D. C., at a cost of 20 cents.
Remittances must be made by postal money order, express order, or
New York draft.

Velocity method.—Streams in general present throughout their
courses to a greater or less extent all conditions of permanent, semi-
permanent, and varying conditions of flow. In accordance with the
location of the measuring section with respect to these physical
conditions, current-meter gaging stations may in general be divided
into four classes—(1) those with permanent conditions of flow;
(2) those with beds which change only during extreme high water;
(3) those with beds which change frequently but which do not cause
a variation of more than about 5 per cent of the discharge curves
from year to year; and (4) those with constantly shifting beds.
In determining the daily flow different office methods are necessary
for each class. The field data on which the determinations are
based and the methods of collecting them are, however, in general
the same.

aWater-Supply Paper 200 is a revision of No. 150, the edition of which is exhausted.
31260—I1RR 246—10 2
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Great care is taken in the selection and equipment of gaging
stations for determining discharge by velocity measurements, in
order that the data may have the required devree of accuracy.
They are located, as far as possible, at such points that the relation
between gage helght and discharge will always remain constant
for any given stage. The experience of engineers of the Geological
Survey has been that permanency of conditions of flow is the prime
requisite of any current-meter gaging station when maintained for
several years unless funds are available to cover all changes in condi-
tions of flow. A straight, smooth section without cross currents,
backwater, boils, ete., at any stage is highly desirable, but on most
streams is not attainable except at the cost of a cable equip-
ment. Rough, permanent sections, if measurements are prop-
erly made by experienced engineers, taking measuring points at
a distance apart of 2 to 5 per cent or less of the total width,
will within reasonable limits yield better results for a given outlay
of money than semipermanent or shifting sections with smooth,
uniform current. So far as possible, stations are located where the
banks are high and not subject to overflow at high stages and out
of the influence of tributary streams, dams, or other artificial ob-
structions which might affect the relation between gage height and
- discharge.

A gaging station consists essentially of a gage for determining
the daily fluctuations of stage of the river and some structure or
apparatus from which discharge measurements are made, usually
a bridge or cable.

The two factors required to determine the discharge of a stream
past a section perpendicular to the mean direction of the current
are the area of the cross section and the mean velocity of flow normal
to that section.

In making a measurement with a current meter a number of
points, called measuring points, are measured off above and in the
plane of the measuring section at which observations of depth and
velocity are taken. (See PL I, B.) These points are spaced equally
for those parts of the section where the flow is uniform and smooth
and are spaced unequally for other parts according to the discretion
and judgment of the engineer. In general the points should not
be spaced farther apart than 5 per cent of the distance between
piers, nor farther apart than the approximate mean depth at the
time of measurement.

The measuring points divide the total cross section into elementary
strips, at each end of which observations of depth and velocity
are made. The discharge of any elementary strip is the product
of the average of the depths at the two ends times the width of the
strip times the average of the mean velocities at the two ends of the
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strip. The sum of the discharges of the elementary strips is the total
discharge of the stream. (For a discussion of methods of com-
puting the discharge of a stream, see Engineering News, June 25,
1908.)

Depths for the determination of the area are usually obtained
by sounding with the current meter and cable. In rough sections
or swift current an ordinary weight and cable are used, particular
care being taken that all observations shall be in the plane of the
cross section.

Two methods of determining the velocity of flow of a stream are
in general use—the float method and the current-meter method.

The float method, with its various modifications of surface, sub-
surface, and tube or rod floats, is now considered obsolete in the or-
dinary practice of the United States Geological Survey. The use
of this method is limited to special conditions where it is impracticable
to use the current meter, such as in places where large quantities of
ice or débris which may damage the meter are flowing with the cur-
rent, and for miscellaneous measurements or other work where a
high degree of accuracy is not necessary. Tube floats are very satis-
factory for use in canals with regular bottoms and even flow of cur-
rent. Measurements by the float method are made as follows:
The velocity of flow of the stream is obtained by observing the time
which it takes floats set free at dilferent points across the stream
to pass between two range lines about 200 feet apart. The area
used is the mean value obtained from several cross sections measured
between the two range lines. The chief disadvantages of this method
are difficulty in obtaining the correct value of mean area for the
course used and uncertainty regarding the proper coeflicient to
apply to the observed velocity. For further information regarding
this method the reader is referred to Water-Supply Paper 95 and to
the various text-books covering the general subject of stream flow.

The Price current meter is now used almost to the exclusion of
other types of meters by the United States Geological Survey in the
determination of the velocity of flow of water in open channels, a
use for which it is adapted under practically all conditions. Plate
II shows in the center the new type of penta-recording current meter
equipped for measurements at bridge and cable stations. On the
sides the same type of meter is shown equipped for wading measure-
ments to record by the acoustic method on the left and by the electric
method on the rigcht. Briefly, the meter consists of six cups attached
to a vertical shaft which revolves on a conical hardened steel point
when immersed in moving water. The number of revolutions is
indicated electrically. The rating, or relation between the velocity
of the moving water and the revolution of the wheel, is determined
for each meter by drawing it through still water for a given distance
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at different speeds and noting the number of revolutions for each
run. (See PL I, A.) From these data a rating table is prepared
which gives the velocity per second of moving water for any number
of revolutions in a given time interval. The ratio of revolutions per
second to velocity of flow in feet per second is very nearly a constant
for all speeds and is approximately 0.45.

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

The two principal multiple-point methods in general use are the
vertical velocity curve and 0.2 and 0.8 depth.

In the vertical velocity curve method a series of velocity determi-
nations are made in each vertical at regular intervals, usually about
10 to 20 per cent of the depth 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 magnitude 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. This method of obtaining
the mean velocity in the vertical is probably the best known, but
on account of the length of time required to make a complete meas-
urement its use is largely limited to the determination of coeflicients
for purposes of comparison and to measurements under ice.

In the second multiple-point method the meter is held successively
at 0.2 and 0.8 depth, and the mean of the velocities at these two points
is taken as the mean velocity for that vertical. (See PL. 1.) On the
assumption that the vertical velocity curve is a common parabola
with horizontal axis, the mean of the velocities at 0.22 and 0.79 depth
will give (closely) the mean velocity in the vertical. Actual observa-
tions under a wide range of conditions show that this multiple-point
method gives the mean velocity very closely for open-water condi-
tions and that in a completed measurement it seldom varies as much
as 1 per cent from the value given by the vertical velocity curve
method. Moreover, the indications are that it holds nearly as well
for ice-covered rivers. It is very extensively used in the regular
practice of the United States Geological Survey.

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 coeflicient for reducing to mean velocity has been deter-
mined or must be assumed.

Extensive experiments by means of vertical velocity curves show
that the thread of mean velocity generally occurs between 0.5 and
0.7 total depth. In general practice the thread of mean velocity is
considered. to be at 0.6 depth, and at this point the meter is held in
most of the measurements made by the single-point method. A
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large number of vertical velocity curve measurements, taken on
many streams and under varying conditions, show that the average
coefficient for reducing the velocity obtained at 0.6 depth to mean
velocity is practically unity. The variation of the coeflicient from
unity in individual cases is, however, greater than in the 0.2 and
0.8 method and the general results are not as satisfactory.

In the other principal single-point method the meter is held near
the surface, usually 1 foot below, or low enough to be out of the effect
of the wind or other disturbing influences. This is known as the sub-
surface method. The coeflicient for reducing the velocity taken at
the subsurface to the mean has been found to be in general from
about 0.85 to 0.95, depending on the stage, velocity, and channel
conditions The higher the stage the larger the coeflicient. This
method is especially adapted for flood measurements, or when the
velocity is so great that the meter can not be kept in the correct
position for the other methods.

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 revolutions and the time
taken in the operation. This method has the advantage that the
velocity at each point of the vertical is measured twice. It is useful
as a check on the point methods. In using the Price meter great
care should be taken that the vertical movement of the meter is not
rapid enough to vitiate the accuracy of the resulting velocity.

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 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 0.2
and 0.8 and the vertical velocity curve methods, 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, and the thickness
and character of the ice. From these data an approximate estimate
of the daily flow can be made by constructing a rating curve (really
a series of curves) similar to that used for open channels, but consid-
ering, in addition to gage heights and discharge, the varying thick-
ness of ice. For information in regard to flow under ice cover, see
Water-Supply Paper 187.

OFFICE METHODS OF COMPUTING AND STUDYING DISCHARGE AND
RUN-OFF.

At the end of each year the field or base data for current-meter
gaging stations, consisting of daily gage heights, discharge measure-
ments, and full notes, are assembled. The measurements are plotted
on cross-section paper and rating curves are drawn wherever feasible.
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The rating tables prepared from these curves are then applied to
the tables of daily gage heights to obtain the daily discharges, and
from these applications the tables of monthly discharge and run-off
are computed.

Rating curves are drawn and studied with special reference to
the class of channel conditions which they represent. (See p. 17.)
The discharge measurements for all classes of stations when plotted
with gage heights in feet as ordinates and discharges in second-feet
as abscissas define rating curves which are more or less generally
parabolic in form. In many cases curves of area in square feet and
mean velocity in feet per second are also constructed to the same
scale of ordinates as the discharge curve. These are used mainly
to extend the discharge curves beyond the limits of the plotted dis-
charge measurements, and for checking purposes to avoid errors in
the form of the discharge curve and to determine and eliminate
erroneous measurements.

For every published rating table the following assumptions are
made for the period of application of the table: (¢) That the dis-
charge is a function of and increases gradually with the stage; (b)
that the discharge is the same whenever the stream is at a given
stage, and hence such changes in conditions of flow as may have oc-
curred during the period of application are either compensating or
negligible, except that the rating as stated in the footnote of each
table is not applicable for known conditions of ice, log jams, or other
similar obstructions; (¢) that the increased and decreased discharge
due to change of slope on rising and falling st&ges is either negligible
or compensating.

As already stated, the gaging stations may be divided into several
classes, as indicated in the following paragraphs:

The stations of class 1 represent the most favorable conditions for
an accurate rating and are also the most economical to maintain.
The bed of the stream is usually composed of rock and is not subject
to the deposit of sediment and loose material. This class includes
also many stations located in a pool below which is a permanent
rocky riffle that controls the flow like a weir. Provided the control
is sufliciently high and close to the gage to prevent cut and fill at the
gaging point from materially affecting the slope of the water surface,
the gage height will for all practical purposes be a true index of the
discharge. Discharge measurements made at such stations usually
plot within 2 or 3 per cent of the mean-discharge curve and the rating
developed from that curve represents a very high degree of accuracy.
For illustrative example of a station of this type see Water-Supply
Paper 241. '

Class 2 is confined mainly to stations on rough mountainous streams
with steep slopes. The beds of such streams are as a rule compara-
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before and after the flood converged to a common point at the high-
est gage height recorded during the flood. Hence the only uncertain
period occurs during the few days of highest gage heights covering
the period of actual change in conditions of flow.

Class 3 includes most of the current-meter gaging stations main-
tained by the United States Geological Survey. If sufficient measure-
ments could be made at stations of this class results would be obtained
nearly equaling those of class 1, but owing to the limited funds at the
disposal of the survey this is manifestly impossible, nor is it necessary
for the uses to which discharge data are applied. The critical points
are as a rule at relatively high or low stages. The percentage error,
however, is greater at low stages. No absolute rule can be laid down
for stations of this class. Each rating curve must be constructed
mainly on the basis of the measurements of the current year, the
engineer being guided largely by the past history of the station and
the following general law: If all measurements ever made at a station
of this class are plotted on cross-section paper, they will define a mean
curve, which may be called a standard curve. It has been found in
practice that if after a change caused by high stage a relatively con-
stant condition of flow occurs at medium and low stages, all measure-
ments made after the change will plot on a smooth curve which is
practically parallel to the standard curve with respect to their ordi-
nates or gage heights. This law of the parallelism of ratings is the
fundamental basis of all ratings and estimates at statioas with
semipermanent and shifting channels. It is not absolutely correct
but, with few exceptions, answers all the practical requirements of
estimates made at low and medium stages after a change at a high
stage. This law appears to hold equally true whether the change
occurs at the measuring section or at some controlling point below.
The change is of course fundamentally due to change in the channel
caused by cut, or fill, or both, at and near the measuring section.
For all except small streams the changes in section usually oceur at
the bottom. The following simple but typical examples illustrate
this law:

(a) If 0.5 foot of planking were to be nailed on the bottom of a
well-rated wooden flume of rectangular section there would result,
other conditions of flow being equal, new curves of discharge, area,
and velocity, each plotting 0.5 foot above the original curves when
referred to the original gage. In other words, this condition would
be analogous to a uniform fill or cut in a river channel, which either
reduces or increases all three values of discharge, area, and velocity
for any gage height. In practice, however, such ideal conditions
rarely exist.

() In the case of a cut or fill at the measuring section there is a
marked tendency toward decrease or increase, respectively, of the
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velocity. In other words, the velocity has a compensating effect and
if the compensation is exact at all stages the discharge at a given
stage will be the same under both the new and the old conditions.

(¢) In the case of uniform change along the crest of a weir or
rocky controlling point, the area curve will remain the same as
before the change, and it can be shown that here again the change
in velocity curve is such that it will produce a new discharge curve
essentially parallel to the original discharge curve with respect to
their ordinates.

Of course in actual practice such simple changes of section do not
occur. The changes are complicated and lack uniformity, a cut at
one place being largely offset by a fill at another, and vice versa.
If these changes are very radical and involve large percentages of
the total area——as, for example, on small streams—there may result
a wide departure from the law of parallelism of ratings. In com-
plicated changes of section the corresponding changes in velocity
which tend to produce a new parallel discharge curve may interfere
with each other materially, causing eddies, boils, backwater, and
radical changes in slope. In such extreme conditions, however, the
measuring section would more properly fall under class 4 and would
require very frequent measurements of discharge. Special stress is
laid on the fact that in the lack of other data to the contrary the
utilization of this law will yield the most probable results.

Slight changes at low or medium stages of an oscillating character
are usually averaged by a mean curve drawn among them parallel
to the standard curve, and if the individual measurements do not
vary more than 5 per cent from the rating curve the results are
considered good for stations of this class. For illustrative example
of a station of this type see Water-Supply Paper 242.

Class 4 comprises stations that have soft, muddy, or sandy beds.
Good results can be obtained from such sections only by frequent
discharge measurements, the frequency varying from a measure-
ment every two or three weeks to a measurement every day, accord-
ing to the rate of diurnal change in conditions of flow. These
measurements are plotted and a mean or standard curve drawn
among them. Tt is assumed that there is a different rating curve
for every day of the year and that this rating is parallel to the
standard curve with respect to their ordinates. On the day of a
measurement the rating curve for that day passes through that
measurement. For days between successive measurements it is
assumed that the rate of change is uniform, and hence the ratings
for the intervening days are equally spaced between the ratings
passing through the two measurements. This method must be
modified or abondoned altogether under special conditions. Per-
sonal judgment and a knowledge of the conditions involved can
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alone dictate the course to pursue in such cases. For illustrative
example of a station of this type, showing the Bolster method of
determining the daily discharge graphically, see Water-Supply
Papers 247 and 249.

The computations have, as a rule, been carried to three significant
figures. Computation machines, Crelle’s tables, and the 20-inch slide
rule have been generally used. All computations are carefully
checked.

After the computations have been completed they are entered in
tables and carefully studied and intercompared to eliminate or
account for all gross errors so far as possible. Missing periods are
filled in, so far as is feasible, by means of comparison with adjacent
streams. The attempt is made to complete years or periods of dis-
charge, thus eliminating fragmentary and disjointed records. Full
notes accompanying such estimates follow the monthly discharge
tables.

For most of the northern stations estimates have been made of
the monthly discharge during frozen periods. These are based on
measurements under ice conditions wherever available, daily records
of temperature and precipitation obtained from the United States
Weather Bureau climate and crop reports, observers’ notes of con-
ditions, and a careful and thorough intercomparison of results with
adjacent streams. Although every care possible is used in making
these estimates they are often very rough, the data for some of
them being so poor that the estimates are liable to as much as 25
to 50 per cent error. It is believed, however, that estimates of this
character are better than none at all, and serve the purpose of indi-
cating in a relative way the proportionate amount of flow during
the frozen period. These estimates are, as a rule included in the
annual discharge. The large error of the individual months has a
relatively small effect on the annual total, and it is for many pur-
poses desirable to have the yearly discharge computed even though
some error is involved in doing so.

ACCURACY AND RELIABILITY OF FIELD DATA AND COMPARATIVE
RESULTS.

Practically all discharge measurements made under fair condi-
tions are well within 5 per cent of the true discharge at the time of
observation. Inasmuch as the errors of meter measurements are
largely compensating, the mean rating curve, when well defined, is
much more accurate than the individual measurements. Numerous
tests and experiments have been made to test the accuracy of current-
meter work. These show that it compares very favorably with the
results from standard weirs, and, owing to simplicity of methods,
usually gives results that are much more reliable than those from
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stations at dams, where uncertainty regarding the coefficient and
complicated conditions of flow prevail.

The work is, of course, dependent on the reliability of the observers.
With relatively few exceptions, the observers perform their work
honestly. Care is taken, however, to watch them closely and to
inquire into any discrepancies. It is, of course, obvious that one
gage reading a day does not always give the mean height for that
day. As an almost invariable rule, however, errors from this source
are compensating and virtually negligible in a period of one month,
although a single day’s reading may, when taken by itself, be con-
siderably in error.

In order to give engineers and others information regarding the
probable accuracy of the computed results, footnotes are added to the
rating tables and an accuracy column is inserted in the monthly dis-
charge table. In the rating tables ‘‘well defined”” indicates in general
that the rating is probably accurate within 5 per cent; ‘‘fairly well
defined,” within 10 per cent; ‘‘poorly defined’” or ‘‘approximate,”
within 15 to 25 per cent. These notes are very general and are based
on the plotting of the individual measurements with reference to the
mean rating curve.

The accuracy column in the monthly discharge table does not apply
to the maximum or minimum nor to any individual day, but to the
monthly mean. It is based on the accuracy of the rating, the prob-
able reliability of the observer, and knowledge of local conditions. In
this column, A indicates that the mean monthly flow is probably
accurate within 5 per cent; B, within 10 per cent; C, within 15 per
cent; D, within 25 per cent. Special conditions are covered by foot-

notes.
USE OF THE DATA.

In general the policy is followed of making available for the public
the base data which are collected in the field each year by the Survey
engineers. This is done to comply with the law, but also for the
express purpose of giving to any engineer the opportunity of examin-
ing the computed results and of changing and adjusting them as may
seem best to him. Although it is believed that the rating tables and
computed monthly discharges are as good as the base data up to and
including the current year will warrant, it should always be borne in
mind that the additional data collected at each station from year to
year nearly always throw new light on data already collected and
published, and hence allow more or less improvement in the computed
results of earlier years. It is therefore expected that the engineer
who makes serious use of the data given in these papers will verify
all ratings and make such adjustments in earlier years as may seem
necessary. The work of compiling, studying, revising, and republish-
ing data for different drainage basins for five or ten year periods or
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more is carried on by the United States Geological Survey so far as
the funds for such work are available.

The values in the table of monthly discharge are so arranged as to
give only a general idea of the conditions of flow at the station, and it
is not expected that they will be used for other than preliminary
estimates. This is particularly true of the maximum and minimum
figures, which in the very nature of the method of collecting these
data are liable to large errors. The maximum value should be
increased considerably for many stations in considering designs for
spillways, and the minimum value should be considered for a group
of, say, seven days and not for one day.

The rating table, provided the engineer accepts it, is published
primarily to allow him to apply it directly to the daily gage heights
and rearrange the daily discharges in order of magnitude or by some
other method.

COOPERATION AND ACKNOWLEDGMENTS.

Assistance has been rendered or records furnished by the following
persons or corporations, to whom special acknowledgments are due:
Mr. John W. Wade, state engineer of Montana; Mr. T. W. Jaycox,
state engineer of Colorado; Mr. Adna Dobson, state engineer of
Nebraska; the United States Reclamation Service; the United States
Weather Bureau; the United States Forest Service; the Denver
Union Water Company; the Central Colorado Power Company; the
Denver Reservoir and Irrigation Company; and the Northern
Pacific, the Union Pacific, the Great Northern, and the Colorado and
Southern railways. Thanks are also here tendered to all other
parties and companies who have assisted in the work.

DIVISION OF WORK.

The work in Montana prior to the field season of 1908 was under
the charge of Robert Follansbee, district engineer, assisted by J. E.
Stewart, assistant engineer, Raymond Richards, and J. B. Pierson.
The field data during 1908 were collected under the direction of J. E.
Stewart, district engineer, assisted by Raymond Richards and
A. F. Huch.

The work in North Dakota was carried on by E. F. Chandler,
assistant engineer.

The field data in the South Platte and North Platte drainage areas
and in the Bighorn drainage area above the Shoshone were collected
under the direction of W. B. Freeman, district engineer, assisted by
J. B. Stewart and C. L. Chatfield. This work was in charge of
R. I. Meeker, district hydrographer, until May 1, 1908.

Since July 1, 1907, the field work in the Niobrara, Platte, and
Kansas river drainage basins in Nebraska has been under the general
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supervision of W. B. Freeman, district engineer, but under the imme-
diate direction of Adna Dobson, state engineer, assisted by A. A.
Dobson, G. W. Bates, and other employees of the state engineer’s
office.

The ratings, special estimates, and studies of the completed data
were made by Robert Follansbee and J. E. Stewart for Montana, and
W. B. Freeman and F. F. Henshaw for Wyoming, Colorado, and
Nebraska. The computations and the preparations of the completed
data for publication were made by G. C. Stevens, R. C. Rice, J. G.
Mathers, H. D. Padgett, and M. I. Walters. The manuscript was
edited by Mrs. B. D. Woed.

MISSOURI RIVER DRAINAGE BASIN.
GENERAL FEATURES.

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 approximately the fiftieth paral-
lel, the southern the thirty-ninth; to the west it is limited by the
Rocky Mountains, while to the east the divide between it and the
upper Mississippi basin crosses eastern North and South Dakota,
western Towa, and northeastern Missouri. Its extent east and west
is about 900 miles; north and south it is 600 miles; and it comprises
a total of 492,000 square miles.

The topography of the basin is of the most varied character,
ranging from the mountainous regions of Montana, Wyoming, and
Colorado to the rolling prairies of the Dakotas, Nebraska, and Kan-
sas. The upper tributaries drain a forested region, but the main
stream flows through a country almost wholly devoid of forests. The
precipitation in the mountainous portion of the basin is mainly in the
form of snow, but a great part of the area lies within the arid and
semiarid regions, and it is probable that the annual average precipi-
tation 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 are
Musselshell, Sun, Marias, Milk, Yellowstene, Cheyenne, Platte, and
Kansas rivers.

Owing to the high altitude and northern climate ice conditions pre-
vail in the upper portions of this basin from November to April.
The Missouri itself freezes over entirely, but many of its tributaries
remain partly open on account of the extreme rapidity of the water.
The amount of snow falling on the prairies is usually small, but
among the mountains the snows begin early, continue late, and accu-
mulate to great depths.

Irrigation is practiced to a great extent on the various tributaries
of the Missouri and agriculture has been extensively developed in
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many of the valleys. The Madison and Gallatin and many other of
the mountain tributaries afford unsurpassed storage facilities, the
waters of the Beaverhead, Big FHole, Madison, Jefferson, and Gallatin
rivers furnish great supplies for irrigation, and the basins of Milk,
Sun, Yellowstone, and Musselshell rivers, already extensively util-
ized, still offer opportunities for broader irrigation, storage, and
water-power development. (See Pls. IIT and XIII.)

MISSOURI RIVER PROPER.
DESCRIPTION.

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 Jefferson, Madison, and Gallatin rivers.
JefTferson 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. Each
of the three headwater rivers is about 90 feet wide, flows with great
velocity, and discharges large quantities of water. The Gallatin is
the most rapid of the three, but the Jefferson drains the largest area,
and is here treated as the continuation of the main river. The Jeffer-
son itself is formed by the union of two forks—Big Hole and Beaver-
head rivers—the Beaverhead draining the larger area and having as its
master headwater stream Red Rock River. The source of this last-
named river—the Red Rock lakes, lying in the Rocky Mountains
6,700 feet above sea level—may, therefore, be regarded as the ulti-
mate source of the great Missourt.

Below the junction of the Jefferson, Madison, and Gallatin the
course of the Missouri lies through mountain valleys and deep can-
yons, from which it finally emerges through a gorge in a range of
rocks, called by Lewis and Clark 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. IFor 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 ia 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 Yellowstone the width gradually increases
from 2,000 to 3,000 feet, and this remains approx1mately the average
width for 600 mlles of 1ts 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
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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 Mis-
souri is a comparatively clear stream, but approximately midway
vetween, the forks and the mouth of the Yellowstone 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.

Except in the mountain canyons the Missouri flows through an
alluvial bottom land of the most fertile character, varying in width
from 1} miles near the mouth to 17 miles in the vicinity of Sioux City.

The volume ot Missouri River is subject to great variations, the
ordinary high-water discharge at the mouth being about 28 times the
low-water discharge. The freshets are caused by melting snows and
heavy summer rains. The regular floods occur in May, June, and
July, the June discharge beiny the greatest. Thereafter the river
steadily decreases in volume, the minimum being reached during the
winter months. Records obtained at Cascade and Townsend indi-
cate 1899 as the wettest year and 1905 as the driest.

The Missouri itself has not been used for irrigation, owing to its
high banks and consequent difficulty of diversion. Approximately
150,000 acres of land are now under irrigation in Beaverhead Valley,
and by storing the waters of the upper Beaverhead or Red Rock
River in Red Rock Lakes fully 125,000 acres more can be put under
irrigation.

In Montana the Missouri, with its tributaries, afford many oppor-
tunities for power development. A number of large, substantial
power stations have been built, and approximately 75,000 horsepower
is now being developed. Engineers estimate that 350,000 horse-
power can be developed on the Missouri River near Great Falls.

The following gaging stations have been maintained in this river
basin: ¢

Red Rock River at Lima, Mont., 1907-8.
Beaverhead River at Barratts, Mont., 1907-8.
Beaverhead River at Dillon, Mont., 1907.
Jefferson River near Sappington, Mont., 1896-1905.
Missouri River near Townsend, Mont., 1895-1904.
Missouri River at Canyon Ferry, Mont., 1889.
Missouri River near Craig, Mont., 1890-1902.
Missouri River at (‘ascade, Mont., 1902-1908.
Missouri River at Great Falls, Mont., 1897-1905.
Missouri River near Williston, N. Dak., 1905-7.
Missouri River at Mannhaven, N. Dak., 1904.
Missouri River at Washburn, N. Dak., 1905.
Missouri River near Bismarck, N. Dak., 1904-5.
Missouri River at Kausas City, Mo., 1905-6.

& Gaging stations in tributary drainage basins are listed under the descriptions of those basins,
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RED ROCK RIVER AT LIMA, MONT.

This station, which was established August 14, 1907, to obtain
data concerning the amount of water available for irrigation, is
located near Gleed ranch, 1 mile east of Lima.

Red Rock River, here regarded as the headwater stream of the
Missouri, rises in Red Rock Lakes in the Rocky Mountains 40 miles
east of Lima. The tributaries above the station are small and
unimportant, the stream at the gaging station receiving its water
supply chiefly from the melting snow in the mountains. Below the
station Sheep and Sage creeks are the principal tributaries.

Diversions from this stream are many. Above the station 3
ditches, carrying approximately 900 miner’s inches each, receive their
water supply from the Red Rock. The water is all appropriated
above the station, but the rights are unadjudicated. The dam at
the reservoir storing the water of the Red Rock has been completed,
but the canals are yet to be built. It is an earthen dam with concrete
core, is 50 feet high, and has a capacity of 90,000 acre-feet. The dam
is 16 miles above Lima, Mont., and 27 miles below Lower Red Rock
lakes. Its top elevation is 6,700 feet. This water will be used to
irrigate 25,000 acres of land near Lima.

On October 27, 1908, a new chain gage with a new datum was
established 300 feet below the old gage. The stream bed is permanent
and the results obtained are good. A large spring enters the stream
just above the gage and the river remains open the entire year.

Discharge measurements of Red Rock River at Lima, Mont., in 1907 and 1908.

. : Area of | Gage Dis-

Date. Hydrographer. ‘Width. section. | height. |charge.

1907. Feet. | Sq.ft. Feet. |See.-ft.
August 14 .| Robert Follanshee 37 82 1.90 218
August 27 37 76 1.82 181
October 9. 37 75 1.80 176

1908.
April2l.. ... . 42 156 3.50 694
May 15. R 38 117 2.41 369
June 21__. . 41 157 3.38 707
August13_..... - 65 1.49 124
October27...... . 37 80 1.81 213

31260—IRR 246—10——3
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Daily gage height, in feet, of Red Rock River at Lima, Mont., for 1907.

[J. L. Lewis and E. R. Gleed, observers.}
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NotEe.—Ice conditions November 24 to December 31.

Rating table for Red Rock River at Lima, Mont., for 1907.

Gage Dis- Gage Dis- Gage Dis- Ga%e Dis-

height.| charge. || height.| charge. || height.| charge. || height.] charge.
Feet. Sec.t. Feet. Sec.-ft. Feet. Sec.ft. Feet. Sec.-ft.
1.00 25 1.80 191 2.60 421 3.40 689
1.10 43 1.90 216 2.70 453 3.50 724
1.20 62 2.00 242 2.80 485 3.60 759
1.30 81 210 269 2 90 518 3.70 794
1.40 101 2.20 297 3.00 552 3.80 829
1.50 122 2.30 327 3.10 586 3.90 864
1.60 144 2.40 357 3.20 620 4.00 900
1.70 167 2.50 389 i 3.30 664

NOTE.—The above table is not applicable for ice or obstructed-channel conditions.

eight discharge measurements made during 1907-8 and is fairly well defined.

It is based on

Monthly discharge of Red Rock River at Lima, Mont., for 1907.

Discharge in second-feet.

Run-off
Month. — (total in

Maximum. | Minimum. | Mean. [PCTe-feet).
August14-31. ... ! 216 81 169 6,030
September 167 122 157 9,340
October........ 229 167 202 12,400
November 1-23 204 144 176 8,030

BEAVERHEAD RIVER AT BARRATTS, MONT.

This station, which was established August 12, 1907, to obtain data
for the solution of irrigation problems, is located 1 mile above Bar-
ratts and 10 miles southwest of Dillon, Mont.

This stream is called Red Rock River from its source in Red Rock
Lakes to the post-office of Red Rock, below which to its junction
with Big Hole River it is called the Beaverhead. The principal
tributaries to the Beaverhead above the station are Grasshopper
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Creek, 12 miles south of Dillon, Horse Prairie Creek, 20 miles south,
and Rattlesnake and Blacktail Deer creeks.

Irrigation has probably been practiced in Beaverhead Valley
longer than in any other valley in Montana, ditches constructed in
the early seventies being still in operation. Innumerable diversions
are made. Decreed water rights aggregating 85,866 inches of water
are filed on from Lima on Red Rock River to a point 10 miles above
Twin Bridges. The three largest canals diverted below the gaging
station are Canyon Creek canal, appropriating 6,000 inches; Union
canal, appropriating 4,000, and the Beaverhead canal, diverted just
north of Dillon, appropriating 5,000 inches. The Union Electric
Company, of Dillon, has a canal with a carrying capacity of 6,000
inches.

The stream remains open during the winter months. The gage
datum has not been changed. The gaging section has a rocky
bottom and should not shift. Records obtained are good.

It is worthy of note that the number and quantity of flow of
springs in this valley have increased since irrigation began. The
ground evidently serves as a reservoir, the water being absorbed as
by a sponge and later coming to the surface as springs.

Discharge measurements of Beaverhead River at Barratts, Mont., in 1907 and 1908.

rs Areaof | Gage Dis-
Date. Hydrographer. Width. | section. | height. | charge.
Feet. Sq. ft. Feet. | Sec.-ft.
Robert Follansbee.........._..... 71 284 1.94 664

August 27. . Stewart. .. 64 242 1. 58 445
October 10 It .. 64 224 | 1.20 346
1908.

April122. ... .. Stewart and Richards 64 296 2.28 930
May 15.. .. Raymond Richards.............. 64 239 1.65 513
June 22.... d 94 428 4.72 2,620
August 14. 60 168 1.63 567

192 769

October 27. .. .. - Cado. e 63 196

Daily gage height, in feet, of Beaverhead River at Barraits, Mont., for 1907 and 1908.
[Roy S. Dingley, observer.]

Day. Aug. Sept.‘ Oct. 1 Nov. | Deec. ! Day. Aug. | Sept. [ Oct. | Nov. | Dec.
| |

1.481 120 L50| 1.46 110 L4 | 150 1.38
1.42] L24| 150 1.41 1.12| 14| 164, 1.08
1.38| 1.26| 1.48| 1.32 1.19] 1.4 1Le60 118
1.35 1 1241 1.45| 1.28 118 1.42] 145 1.04
1.30| 1.22| 144} L29 1151 1.45¢ 150 1.10
1.29 | 121 1.44| 128 1,151 1.48| 160 | 125
125 1.20| 1.46| 132 L15| 1.45| L52 .98
1,22 1.19| 1L48| 1.35 1151 1.45§ 1.56 | 116
125 1.18| 1.50 | 1.28 115 1.45| 1.55| 1.16
122] 1L19| 1.50| 1.38 L12| 1.45{( 1.65| 1.15
1.20 | L20| 1.50( 1.32 114 L4571 1.64| LI11
1.18| L24| L42{ 135 1.16 | 1.46¢( 1.46 | 1.10
1151 1..26{ 140! 1.38 Ll6| 1.49| 1.41| L 11
112 1.45] 1.44} 1.32 1.18| L50} 1.51| 1.20
112 141 1.56] 1.30 L18 | 1.52( 1.49| 1.06
....... Lol |.......] L22
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Daily gage height, in feet, of Beaverhead River at Barratts, Mont., for 1907 and 1908—

Day. ‘. Jan. | Feb
0.89

.78

.85

.88

.82

1.05 .81
1.15 .80
1.15 . 86
1.06 .88
98 .86
.20 .90
1.02 .90
1.06 . 86
1.05 .92
1. 06 .92
1.00 .91
.95 .90
94 .88
.95 .88

. 96 85
.95 .89
.08 .88
1051 .89
1.09 90
1.02 92
1.00 .89
.98 .90
.98 | 1.00
.98 1 1.00
L0 [.......

103 |.....

Gage
height.

Feet.
0.80
.90

i 1.00
1.10
1.20

1
Mar. | Apr. | May. | June.

0.8 | 1
L0961 L
.96 1.
.96 | L.

1.04| 1

1L00 L
L99 | L
99| L
L98 | L.

91 L

100 1

105 1

108 2

1.09 | 2

1.30 ) 2

55 2
7 2.
407 2.
30 2
25 2

CEREEE R, R e

1

15 1
10 1
35 1
2 L
15 L
45 L
2L
38 L
491 L
52 l 1.
70 ‘ 2
85 2
00 1.
06| 1.
04| 1
12| 1
20 L
20| 1.
5] 1L
36| 2.2
1.
1.
1.
1.
1.
2.
3.
3.
3.
3.

Rating tables for Beaverhead River at Barralts,

Dis-
charge.

Sec.t.
262

AUGUST 12, 1907, TO MAY 20, 1908.

(rage

Feet.
1.30
1.40
1.50
1.60
1.70

Dis-
charge.

Sec.-ft.
374
404
437

474
515

Continued.
|
July. | Aug. | Sept. | Oct. } Nov. | Dec
|
8§11 4.8 3.17! 1.55; 145} 159 2.00| 1.41
50! 435 | 3.12| 154 1.40] 1.65| 2.00| 1.45
S0 4.8 3.11 1.51 1.40 | 1.88 | 1981 1.42
957 4950 3.07| 1.50{ L35| L8| 192| 1.42
901 430 3.01| 1.48] 1.30] 1.90 "' 1.85] 1.50
|
80| 420) 296 1.45] 1.30| 1.8 1.8 | 1.50
7 4.40| 277 | 1.45] L28| 1.8 | 1.8 | 1.50
60| 470] 2.56| 1.42| 1.26| L.88| 1.85| 1.49
65| 480 | 2.43] 140 1.25| L85 | L 88| 1.50
90| 4.8 | 2.30| 1.40| 1.25| 180 | 1.82 | 1.52
22 515 | 2.15] 1.40] 1.25| 180 | 1.55] 1.45
25| 5.00| 2,08 1.40| L38| L8| 1.48| 1.48
8 | 500 2.09| 1.40] 1.38| 1.90| 1.55| L 50
88| 4.95| 2205 | 1.50 | 1.35| 1.85| L8| 1.38
66| 490 2.00| L72| 1.35] 1.90| 1.65| 1.28
501 490 2.00| 1.68! 1.35( 1.90| 1.65| 1.25
50 570 1.921 158 1.45| 2.00| 1.65| 1.40
381 58| L7 1.556 ) 1.58 | 2.00| 1.70 | 1.43
45} 6.00] L78] 1.36| 1.568| 1.90| 1.82( 1.50
200 6.00| L75| 1.38| 1.55| 1.95| 1.85| 1.68
751 48| 1751 1.55| 1.50) 1.80 | 1.90! 1.75
58 465 L75| L8 Lmle 1.82 | 1.90
50 458 180 | 160! 1.48' 195 160 | 212
40, 445 L70| 155" 1.48' 2.00| 1.80 | 2.08
40 415] 1.68) 1.52 158 2.01| 18 | 1.88
40, 3.92| 1.68| 1461 1.60 208 155! 170
D 37 1.65] 1.45 1.65 ] 2.00 | 1.40 1.35
60 3.70| 1.55| 1.45| 1.65| 1.98| L40 119
05| 3.68] L55| 1.457 L.60| 2.00{ 1.35, 1.20
70| 350 L55| 1.45! 1.58| 2.00| 1.40 | 1.28
5.10 ‘ ....... 1.66 [ 1.45 {....... 2.00 |....... 1.32
]
Mont.
” Gage l Dis- \ Gage Dis-
|t height.| charge. = height.| charge.
i | I |
Feet. Sec.-ft. Feet. | Sec.-ft.
1.80 561 2.30 858
1.90 612 2.40 936
] 2.00 669
2.10 732
l’am 800 |
it [ S|

NoTE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on five
discharge measurements made during this period and is fairly well defined.

MAY 21 TO DECEMBER 31, 1908.
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NoteE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on

three discharge measurements made during this period and is not well defined.

2.5 feet the rating curve depends on one measurement made at gage height 4.7 feet.

Above gage height
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Monthly discharge of Beaverkead River at Barratts, Mont., for 1907 and 1908.

Discharge in second-feet.
Run-off Acou-
Month. (total in
s acre-feet). [ T2V
Maximum, | Minimum. | Mean,
August 12-31 640 389 468 18,600 | A.
September. . 430 322 350 20,800 | .
October. .. 444 342 393 24,200 | AL
November .. 494 404 440 26,200 | A.
December. ... ..o e 421 296 358 22,000 | B.
January 350 288 309 19,000 | B.
February. . . . 300 259 217 15,900 | B.
March .. .. 524 278 345 21,200 | B.
April. 909 322 637 37,900 | AL
ay.. 2,920 398 805 49,500 | A.
June. . 3,640 1,710 2,610 | 155,000 | A.
July. . 1,480 550 865 | 33,200 | A.
August . .. 627 487 530 32,600 | AL
September . 596 432 505 30,000 | A.
October. ... .. 809 568 714 43,900 | A.
November B 765 468 629 37,400 | AL
December.. 831 412 539 33,100 | B.
’
The year. . ... 3,640 259 730 | 529,000 }

BEAVERHEAD RIVER AT DILLON, MONT.

This station, which was established August 28, 1907, is located at
the highway bridge on the Bannock Road, three-quarters of a mile
from Dillon, Mont. It was discontinued December 31, 1907.

The river at this point flows in two channels. The left channel is
the source of supply of a canal which heads a short distance below the
bridge, and its flow is controlled by the canal head gates. To de-
termine the total flow of the stream both the right and left channels
must be measured. The following gage heights and discharge
measurements refer to the right channel only.

Discharge measurements of Beaverhead River at Dillon, Mont., in 1907.

Date. Hydrographer. ections | helghs. | charge.
Sq.ft. Feet, | Sec.t.

August 28. ... T B Stewart . .. iiiiiieieiaeaaaaa 172 3.15 a 287
October 10..... Follanshee and Stewart .. .......... .. ...l 181 3.40 a 306

a Exclusive of amount in canal approach.
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Daily gage height, in feet, of Beaverhead Rwer at Dillon, Mont., for 1907.

Aug. ‘ Sept. ” Day. Aug. Sept. Day. Aug. | Sept.
3.25 3.1 W2b 3.4
3.25 25 S R 3.4
3.25 3.1 |28, e 3.4
3.4 3.2 124 Ll 3.4
3.3 3.2 |26, i 3.4
3.3 3.2 126 e 3.4
3.2 3.25 || 27, ool 3.4
3.2 3.3 3.1 3.4
3.2 3.4 3.05 3.4
3.1 3.4 3.0 3.4

3.2 ...

MISSOURI RIVER AT CASCADE, MONT.

This station, which was established July 20, 1902, to obtain records
for use in connection with irrigation, power development, and for gen-
eral statistical purposes, is located on the hichway bridge on the east
side of the town of Cascade, Mont., 100 yards from the Great North-
ern Railway. :

The Missouri receives many tributaries above the station, the most
important being Dearborn River, Wolf Creek, and Prickly Pear Creek;
within a hundred miles below, Sun and Marias rivers enter. The
drainage area at the station is 18,300 square miles.

Although irrigation is extensively developed in the Missouri River
Valley, the water supply is obtained from the tributary streams, its
high banks, great variation in flow, and difficulty in diversion ecausing
the Missouri itself to be little used.

The datum of the standard gage chain used at this station has re-
mained unchanged. '

Records obtained have been very good, the channel being perma-
nent except in extreme floods. Gage heights are affected by ice during
the winter months.

Discharge measurements of Missourt River at Cascade, Mont., in 1907 and 1908.

Area of | Gage | Dis-

Date. Hydrographer. Width. section. |height. |charge.

Feet Sq. ft. Feet. | Sec.-ft.
J E.Stewart. .. o iiiiiiiiiiiiaaaaas 370 3,070 5.29 6,170
.....do 374 3,150 5.44 6, 560
473 4,330 8.20 [ 15,700
y 475| 5,180 | 10.05 | 25,000
August 23..... 350 2,650 4.14 3,000
November 7.... 375 3,000 5.24 5,940
Raymond Richards...........ocooioiiiiiiiaaiie 373 3,410 6.38 9,120
Y. K. Stewart. ... ... L 481 6,700 | 12.90 | a 36,500
.| Raymond Ricbards....... 456 4,830 9.27 |0 20,300
B 0. .o, - 363 3,050 | 4.72| 3,750
..... L 378 3,600 6.18 | 7,490

a Area partly computed from soundings of September 2, 1908.
b Area computed from soundings of September 2, 1908.
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MISSOURI RIVER.

Daily gage height, in feet, of Missourt River at Cascade, Mont., for 1907 and 1908.

{Frank Warner, observer.}

Feb. \ Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct.

Jan.

Day.

y 1-February 20, and December, 1907; January, February, and March,

and December 19-31,1908. The river was open January 11 and February 23, 1908.

Nore.—Ice conditions Januar,
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SURFACE WATER SUPPLY, 1907-8.

Rating tables for Missouri River at Cascade, Mont.

JANUARY 1, 190

~

‘s

O APRIL 15, 1908.

! I [ ' ' i =
Gage Dis- i Gage Dis- Gage 1 Dis- || Gage | Dis-
height.| charge. '| height. charge. ’ height.' charge. | height.| charge.
i I ) i | I
|
Fect 1 Sceft. |1 Fect.  Sccft. {i Feet. ' Seci. | Feet. % Sec.ft. !
3.50 1,000 | 4.90 4,930 |+ 6.30 9,400 | 8.40 17,640
3.60 | 2,040 5.00 5.210 |l 6.40 . 9.750 Il 8.60 18, 480
3.70 510 | 5500 (| 6.5 ' 10,110 || 8.80 | 19.320
3.80 l 520 5,800 6.60 10, 470 6.00 . 20,170
3.90 530 ' 100 | 670 | 10,840 || 920 | 217030
4.00 | 5.40 1 6,410 I 680 11,210 9.40 | 21890
4.10 1530 1 6,720 U590 | 11,590 9.60 | 22,750
4.20 W 8.60 7. 040 7.00 ‘ 11,970 9.80 ‘ 23,620
\ 4.30 l “ 5. 71 7,360 7.20 12,730 \ 10.00 | 24,500
4,40 ; 5.80 7,690 ‘ 7.40 } 13,300 11.00 | 28,950
450 ’ \ 540 | 8020 |1 7.60 1 14,300 Il 12200 \ 33,450 |
I 4.60 6. 00 8,360 |' 7.80 15,120 | |
a0 ! Joeto ) 8700 1 800 | 15,960 \ |
4.80 4650 1| 620 | 9,050 ‘ 8.20 | 16,800 | :
i [\ ! ! I ‘

NoTE.—The above table is not applicable for ice or ebstrueted-channel conditions. It is based on six
discharge measurements made during 1907 and is well defined between gage heights 4.0 feet and 10.0 leet.

APRIL 16 TO DECEMBER 31, 1908.

3.30 1,310 4.90 4,230 ‘ 6.50 9,220 9.20 | 20,500
3.40 1,400 5.00 4,500 || 6.60 9,580 | 9.40 | 21,400
3.50 1, 500 5.10 4,770 6.70 9,950 9.60 | 22,300
3.60 1,610 5.20 5,050 || 6.80 | 10,330 9.80 | 23,200
3.70 1,740 5.30 5340 11 6.90 | 10,710 | 10.00 | 24,100
3.80 1,880 5.40 5,630 7.00 | 11,100 | 10.20 | 25,000
3.90 2,040 5.50 5,930 7.20 | 11,890 | 10.40 | 25,900
4.00 2,210 5.60 6,230 1) 7.40 | 12,700 | 10.60 | 26,800
4.10 2,390 5.70 6, 530 \ 7.60 | 13,520 | 10.80 | 27,700
4.20 2,580 5.80 5, 850 7.80 | 14,360 | 11.00 | 28,600
4.30 2,780 5.90 7,170 8.00 | 15,200 | 12.00 | 33,100
4.40 3,000 6. 00 7,500 ‘ $.20 16,060 |} 13.00 | 37,600
4.50 3.230 6.10 7,830 8.40 | 16,930 | 14.00 | 42,100
4.60 3,470 \ 6.20 8,170 4| 8.60 | 17,810 | 15.00 | 46,600
4.70 3,720 | 6.30 8510 | 8.80 | 18,700 | 16.00 | 51,100
| 4.80 3,970 ,‘] 6.40 8, 860 \ 9.00 { 19,600 ‘

Note.—The above table is not applicable for ice or obstructed-channel conditions. It is based on
discharge measurements made during 1908 and high-water measurements of previous years, and i3 fairly
well defined above gage height 4.5 feet.
height 9.0 feet the curve is a tangent, the difierence being 450 per tenth.

Below 4.5 feet the rating is somewhat uncertain.

Above gage



MISSOURI RIVER. 41

Monthly discharge of Missouri River at Cascade, Mont., for 1907 and 1908.

[Drainage area, 18,300 square miles.]

Discharge in second-feet. Run-off.
Month. (‘ per |Depthin | ‘:accc;,]'
: - incheson| Total in *
Maximum. | Minimum. [ Mean. SQUAre | 'qrainase | acre-feet.
: mile area.
- ! .
1907.
March... ... ................ 7,950 4,930 6. 040 0.330 0.38 371,000 | A.
Aprib. oo 10, 400 5,440 7,320 . 400 .45 436,000 | A.
May.. ... il ! 17,400 6, 100 10,700 . 685 47 638,000 | A.
June ..ol | 36, 000 14,900 22,200 1.21 1.35 | 1,320,000 | A.
July. .. 28,700 10, 800 18,700 1.02 1.18 1,150,000 | A.
Auvgust oo ] 11, 600 2,910 6,010 . 328 .38 370,000 | A.
September. .. ... ... 5,210 4,110 4,320 . 236 .26 257,000 | A.
October....o.o.o.oo.. | 7,360 2,350 4,580 . 250 .29 282,000 | AL
November... .. __....... ... ! 5,800 2,350 3,910 .214 .24 233,000 § A.
December. . .o_..o0 ool oo 3,500 .191 .22 215,000 | A.
Theperiod ... ... .. .. 5,290, 000
1908, '
April.. .. oo 389,000 ﬁ
May.. ... 5, 6 . 559, 000 .
June.. ...l 49,300 25,200 36,700 2,01 2.24 | 2,180,000 | A,
July. .o 24, 600 5,480 12,800 . 699 .81 787.000 | A.
August. ... L 5,200 2,7 3,810 . 208 .24 234,000 { A.
September. ... ... ol 5,340 3,230 4,050 . 221 .25 241,000 | A,
October..................... 8,170 4,640 6,320 .345 .40 389,000 | A.
November._... ........ . ... 6, 530 5,050 ' 5,850 320 36 348,000 | A.
Theperiod. ... . .. ||l o 5,130, 000

a Estimated.
MISSOURI RIVER NEAR WILLISTON, N. DAK.

This station, which 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 land-
ing, was established April 24, 1905, for the purpose of obtaining
general information concerning run-off. It was discontinued May
23, 1907.

Yellowstone River, which enters the Missouri about 20 miles
above the station, is the nearest important tributary. The drainage
area above this point includes the entire basin of the Missouri in
Montana and northern Wyoming.

Discharge measurements of Missourt River near Williston, N. Dak., 1n 1905 and 1908.

|
Areaof | Gage Dis-
Date. i Hydrographer. Width. section. |height. |charge.
1905. Feet. Sq. ft. Feet, | Sec.-ft.
April24.. ... .. E.F.Chandler. .. ... ... . . .. ... ............ 525 4, 480 5.26 | 10,400
ay 22.. Chandler and Rlchards 507 4,540 6.58 | 12,600
June 21 .| P. M. Churchill....... 787 13,300 | 12.20 | 69,500
July 10.. een- do ........ 770 11,700 | 11.10 ) 58,000
August 4. .l . _do. ... .. ... 753 5,920 6.78 | 14,900
September 19... (‘handler and Fellows.. ... oL 435 2,700 4.4 6,780
1908.
June20......... E.F.Chandler........... ... oo 885 | @19,800 | 19.49 { 147,000

a Approximate.
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Daily gage height, in feet, of Missouri River near Williston, N. Dak., for 1907.

[G. E. Baker, observer.]

|
Day. Mar. | Apr. | May. Day. } Mar. | Apr. | May. Day. Mar. | Apr. |May.
14.0 | 14.7 9.9
13.9 | 14.8 10.0
13.5 | 15.4 10.1
13.1| 15.9 10.0
12.9 | 15.9 10.3
12.6 | 12.5 10.8
12.3 | 13.1 11.0
12,0 12.2 11.0
11.9 | 12.0 11.1
11.4 | 11.8 i1.2

Rating table for Missouri River near Williston, N. Dak., for 1905-1907.

Gage Dls- Gage Dis- Gage Dis- Gage Dis-
height.| charge. |height.| charge. || height.| charge. | height.| charge.
I
Feet. | Secqt. | Feet. | Secot. || Feet. | Secot. || Feet. | Secot.
4.00 6, 000 5. 50 9, 500 7.00 16, 900 9.80 43,900
4.10 6,200 5. 60 9, 830 7.20 18, 480 10.00 46,000
4.20 6,400 5.70 10,170 7.40 20, 080 11.00 56, 500
4,30 6,600 5.80 10, 540 7.60 21,750 12.00 67,000
4. 40 6, 800 5.90 10,910 7.80 23, 520 13.00 77,500
4.50 7,000 6.00 11,300 8.00 25,400 14.00 88, 000
4.60 7,220 || 6.10 | 11,700 || .20 | 27,400 || 15.00 | 99,000
4.70 7,440 6.20 12,150 8.40 29, 400 16. 00 110, 000
4.80 7,660 6.30 12,620 8.60 31,420 17.00 121, 000
4.90 7,880 6. 40 13,120 8. 80 33,460 18.00 132,000
5.00 8100 || 6.50 | 13,650 || 9.00 | 35,500 || 19.00 | 143,000
5.10 8,340 6. 60 14,200 9.20 37,600 20.00 | 154,000
5.20 8,600 6.7 14,800 9.40 39,700 21.00 165,000
5.30 8,880 6. 80 15, 450 9.€0 41, 860 22.00 | 176,000
5. 40 9,180 || 6.90 | 16,150

Nore.—The above table is not applicable for ice or obstructed-channel conditions. It is based on six
discharge measurements made during 1905 and one flood measurement made June 20, 1908, and is not well
defined. Above gage height 14.0 feet the rating curve is a tangent, the difference being 1,100 per tenth.

Monthly discharge of Missourt River near Williston, N. Dak., for 1905-1907.

Discharge in second-feet.
harg Run-off Aceu
Month. (total in }accy "
Maximum. | Minimum. | Mean. acre-feet).
1905.
May 23-3L. .o 40, 800 14, 800 30, 200 539,000 | C.
June..... ... ... 83,800 38, 600 68,100 | 4,050,000 | C.
July.... 73,300 34, 500 54,900 ! 3,380,000 | C.
August 43,900 7,880 19,400 | 1,190,000 | C.
September 7,880 6,000 7,100 422,000 | C.
October. ............... 9,830 6,400 7,700 473,000 | D,
November. 8, 7,220 8, 480,000 | D.
The perfod. .. ... e 10, 500,000
1906. :
May 26-3L..uen i - 90, 200 73,300 82,800 985,000 | C
June. . 155, 000 61,800 93,600 | 5,570,000 | C
July............ - . 74,400 36, 600 52,700 | 3,240,000 | C
AUGUSE. L 45, 000 13,100 25,200 | 1,550,000 | C
September. . ... ... ... 25,400 10, 500 15,400 916,000 | D
OCtODer . ... e 10, 200 8,340 8,840 544,000 | D
November 1-24._ . ... ... . ... . ...l 23, 500 8,600 10, 100 481,000 | D
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PRICKLY PEAR CREEK DRAINAGE BASIN.
DESCRIPTION.

Prickly Pear Creek rises in the mountains in the northwestern part
of Jefferson County, Mont., and takes a general northeasterly course
to its junction with the Missouri near Eldorado bar in the southeast-
ern part of Lewis and Clark Counts. Its principal tributaries are
McClellan, Lump Gulch, Tenmile, and Silver creeks. Its upper val-
ley is narrow and little irrigation is practiced, but below Helena the
entire normal flow is diverted for irrigation.

The following gaging stations have been maintained in this basin:

Prickly Pear (reek near Clancy, Mont., 1908.
Prickly Pear Creek at Fast Helena, Mont., 1908.
_Lump Gulch Creek near Clancy, Mont., 1908.
Tenmile Creek near Helena, Mont., 1908.
Sevenmile Creek near Helena, Mont., 1908.

PRICKLY PEAR CREEK NEAR CLANCY, MONT.

This station, which was established July 15, 1908, to obtain data
for use in connection with irrigation projects, is located about 2 miles
below Clancy and 12 miles south of Helena, and is directly west of
the house of the observer.

Lump Gulch Creek enters about a mile above the station, and Mec-
Clellan Creck comes in between the station and East Helena. Owing
to the very narrow valley and the small amount of irrigable land
above the station, little water is diverted for irrigation.

The stream bed is of gravel and sand and shifts. Gage heights
are affected by ice during the winter months and the records obtained
are unsatisfactory.

The greatest flood experienced in this valley for many years is
probably that of June, 1908.

Discharge measurements of Prickly Pear Creek near Clancy, Mont., in 1908.

1
( v Areaof | Gage Dis-
Date. Hydrographer. Width. | Soction. height. | charge.
} Feet. Sq. ft. Feet. | Sec.-t.
July15........ J.E.Stewart... ... ...l . 30 45.2 1.86 96.8
August10...... Raymond Richards............ ... .- . 26 21.6 .89 a40.1
October 10. ... P do. .o 32 42.5 1.79 79.9

a Meter in poor condition; discharge considered small,
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Daily gage height, in feet, of Prickly Pear Creek near Clancy, Mont., for 1908.

[John Gillis, observer.]

Day. ‘July. Aug. JSept. Oct. | Nov.| Dec. Day. }July. Aug. |Sept.| Oct. | Nov. | Dec.
| |
.0 1.85 L6 2.0 1.2
.0 1.8 L. 1.6 2.4 1.2
.0 gl 1.4 L9 1.2
.9 . 1.65 |. 1.4 1.9 1.0
.9 1.55 1.9 1.7 1.5
.9 1.2 1.5 1.9 1.7 1.5
.5 1.2 114 1.9] 1.8 1.5
ol 12 116 14/ 1.8 12
.9 1.0 15 1.4 1.8 1.2
.7 1.0 1.4 20| 1.8 1.2
7 1.9 ‘ 2.0 16 1.0
.7 1.9 2.0( 1.6 1.9
.5 1.3 L7 1.6 1.9
5 12l 7] 12| 1.8
. 4 1.3° 1.7 1.2 1.7
i 1.6 |...... 1.6
|

PRICKLY PEAR CREEK AT EAST HELENA, MONT.

This station, which was established July 18, 1908, to obtain data
for use in irrigation development, is located where the Northern
Pacific Railway crosses the stream at East Helena, Mont.

McClellan and Lump Guleh creeks are the only important tribu-
taries entering above the station; Tenmile and Silver creeks come
in below. All the normal flow of this stream is used for irrigation,
the greater part of the water being diverted below this station.

At the gaging section the channel is rocky, clean, and nonshift-
ing. The bed of the stream is so extremely rough that even in low
water measurements are difficult. Fair results, however, have been
obtained.

Discharge measurements of Prickly Pear Creek at East Helena, Mont., in 1908.

Date. l Hydrographer. ‘Width. s%égiabgf hgiz%et. c}g}sg-e.

} . Feet. Sq. jt. Feet. | Sec.-ft.
‘ Raymond Richards... ... ... .....ooiciaiaa... 33 37.0 1.49 104

do 28.5 20.2 1.191 ¢51.9
..do 32 36.2 1.39 101

a Meter in poor condition; discharge considered small.
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Daily gage height, in feet, of Prickly Pear (reek at East Helena, Mont., for 1908.

il
Day. July.| Aug. | Sept.| Oct. | Nov.| Dec. \l Day. July.| Aug. [ Sept.[ Oct, | Nov. | Dee.
.1 1.1 1.1 1.3 1.2 .2 1.1 1.6 1L.Oj......
.1 1.1 1.2 1.3 1.2 .1 1.1 1.6 1.2 ...
.1 1.1 1.4 13 1.1 .1 L1} 147 13|......
.1 1.1 1.4 1.3 1.0 .4 .1 1.1 1.4 L2 ...,
.1 1.1 1.4 L3 1.0 .4 2 L1 1.4 L2)......
1.1 1.1 1.4 1.3 1. 1.4 1.1 1.1 1.4 12
1.1 1.1 1.4 1.3 1.4 1.1 1.2 1.3 1.2
1.1 1.1 1.4 1.3 1.4 1.1 1.1 1.3 1.2
1.1 1.1 1.4 L3 L5 L0, L1 .31 11|
1.1 11 1.4 1.3 1.3 .91 L0 1.3 1.1
1.1 1.1 1.4 1.1 1.3 1.0 1.0 1.3 1.1 .. ..
1.1 1.1 1.4 1.0 |. 1.3 1.1 1.0 1.3 .2 .....
1.2 1.1 1.4 .9 1.2 1.1 1.0 1.3 1.2 (......
1.4 1.1 1.4 10| 1.2 1.1 1.0 L3 1.1 ...
1.2 1.1| L4] 1o 1.2 1.1 1.1 .31 L1j.....
1.1 L1y, L3 ..., ‘ ......

LUMP GULCH CREEK NEAR CLANCY, MONT.

Lump Gulch Creek, a small mountain stream with no important
tributaries, has been quite extensively used for placer mining, and
many diversions were made for that purpose. At present some
irrigation is practiced, but the valley is narrow and affords but little
irrigable land. The normal flow of the stream is appropriated.

The gaging station, which was established July 15, 1908, to obtain
information concerning the amount of water available for storage
and for irrigation, is located at the ranch of Charles Zastrow, 1 mile
from Clancy, 15 miles from Helena, and one-half mile above the
stream’s junction with Prickly Pear Creek.

The stream bed is gravelly, unclean, and shifting, making it
difficult to obtain satisfactory data. Gage heights are affected by
ice. No flood records have been obtained.

Discharge measurements of Lump Gulch Creek at Clancy, Mont., in 1908.

\“ “idth.' Area of ‘ Gage Dis-
i
v

Date. } Hydrographer. section, | height. | charge.
i S [
Feet. Sq. ft. Feet. Sec.-ft.
July t65......... J JoB.Stewart. ..o e el 107 12.6 1.30 21.0
August 10.... .. ; e .

Rayénond Richards. .
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Daily gage height, in feet, of Lump Gulich Creek at Clancy, Mont., for 1908.

[Charles Zastrow, ohserver.]

Day. July. | Aug. | Sept. | Oct. | Nov. ’1 Day. July. | Aug. | Sept. { Oct. | Nov.
|

) A B 0.95| 0.85| 0.95| 1.1 |[16........._... 1.3 0.85| 0.85| 1.10| 1.05
2RI FUU .95 L850 105 11 17l 1.3 .8 .95 110} L1
S JY SN .9 .85 1.01 1.1 18 ... ... 1.25 8 L9510 L1000 11
N (R .85 8 1.01 105 |1 19 .. .iiaaas 1.15 8 .95 L10| 1.1
1 TR PR .8 8 1.02 .05 || 200 .. it 1.15 8 | 1.0 .10} L1
[ PR, .8 7510 1,020 1.05 .85 L0 Lo} 11
N PR, .8 75 1.02 1.05 .8 L0 110 1.05
K 2 .75 .8 1.02 1.056 .9 1.0 1.10 1. 05
[ SN R, .75 .8 1.02| 1.05 .8 | 1.0 |, 1.10| 1.05
100 et .75 | .8 1.25| 1.05 .85 1.0 1.10} 105
.7 .8 1.15 1.05 .85 1.0 1.10 1.06
7.8 1.15] 1.05 .85 1.0 1101 1.05
.95 .8 1.15 1.05 85 1.0 1.10 1.05
.9 .85 1.15 1.05 | .85 957 L0 108
-85 .851 1.10| 1.05| .85 .95 | 110} 1.05
85 L. 1.10 |......

| | |

TENMILE CREEK NEAR HELENA, MONT.

This station, which is located opposite the Broadwater Hotel,
near Helena, Mont., was established July 8, 1908, to determine the
amount of water available for irrigation and for municipal supply.

Part of the water supply of the city of Helena is taken from Tenmile
Creek above the station. Two irrigation ditches also take their
water from this creek above the gage. The entire low-water flow
is appropriated and used before it reaches the mouth of the creek.

The principal tributaries above the gaging station are Blue Cloud,
Spring, and Walker creeks; Sevenmile Creek enters 2 miles below.

The channel shifts somewhat during flood stages, but at medium
and low water the conditions are good for obtaining accurate dis-
charge data. The stream freezes over during the winter months
and no records are kept.

Discharge measurements of Tenmile Creek near Helena, Mont., in 1908.

Gage { Dis-

Date. Hydrographer. {“’ldm o height. | charge

seclion.

Feet. Sq.ft. Feet. | Sec.ft.
26.7 22.6

July 8.......... J.E.Stewart. ... .. oo 20 2.19 2.

July 16......... U 20 20.3) 1.93 1.6
August11...... Raymond Richards.... ... ..o oo, B P 1.25 a.5
October 26.....{..... do. . e 34 25.4 2.49 31.8

a Estimated,
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Daily gage height, in feet, of Tenmile Creek near Helena, Mont., for 1908.

[Harry Hillman, observer.]

47

Day July. | Aug. | Sept. | Oct. | Nov. Day. July. | Aug. ‘ Sept. | Oct. |Nov.
1
| |

| UURSUURURR IOR 15 | L3 | 20 | 25 1.9 | 14 | L4 | 2.8 2.55

D R I 1451 L3 | 2.2 | 2.5 | 2.0 1L45| 165| 2.7 | 2.4

F: U 1.4 1.25 | 2.55 | 2.5 2.0 + 1.45| 1.95| 2.6 2.4

4. 1.35 1.25| 2.15| 2.5 1.9 1.4 2.0 2.6 2.3

5. 1.35 | 1.25 | 2.3 2.45 1.9 1.9 1.85 | 2.6 2.3

6. 1.3 1.2 2.25 1 2.45 1.85 | 1.4 1.8 2.6 2.3

7. R 1.25 1.35| 2.3 2.45 1.85 | 1.4 1.75 | 2.5 2.3

8. 2 .25 L5 | 2.4 | 2.45 1.9 | L35 17| 2.5 | 2.3

9. 2. 1.251 1.6 2.4 2.35 1.8 1.35| 1.8 2.5 2.2
10. 2. 1.25| 1.4 | 2.45| 2.3 1.75| 1.35| L8 | 2.5 | 2.25
11. 2. 1.25 | 1.4 2.6 2.26 1.7 | 1.3 1.8 2.5 2.25
12. 2. 1.25 | 1.3 | 2.75| 2.25 L7 | 1.3 | 1.8 [ 2.5 | 2.2
13. 2. 1.3 | 1.3 | 2.8 | 2.3 .65 1.3 | 1.85| 2.5 | 2.15
14. 2. 1.65 | 1.3 | 2.9 | 2.5 1.6 | L3 | 1.9 | 25 | 2.2
15. 1. .55 L3 | 3.0 | 2.55 L5 | .3 | 195 2.5 | 2.0
1.5 | 1.35....... 2.5 |......

Rating table for Tenmile Creek near Helena, Mont., for 1908.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height.| charge. || height.| eharge. || height.| charge. || height.| charge.
Feet. | Sec.ft. Feet. | Sec.ft. Feet. | Sec.-ft. Feet Sec.ft
1.10 0. 1.60 4.0 2.10 19.0 2.60 59
1.20 .5 1.70 6.0 2.20 25 2.70 70
1.30 1.0 1.80 8.5 2.30 32 2.80 82
1.40 L5 1.9 1.5 2. 40 40 2.90 95
1.50 2.5 2.00 15.0 2.50 49 3.00 109

Note.—The above table is not applicable for ice or obstructed-channel conditions.

discharge measurements made during 1908-9 and is well defined.

Monthly discharge of Tenmile Creek near Helena, Mont., for 1908.

It is based on nine

Month.

Discharge in second-feet.

July 8-31
August. ..

November. .

Run-off |, ...
(acre- Tac
. feet). .
Maximum. | Minimum. | Mean.
25 2.5 11.8 562 | A.
11.5 .8 1.76 108 | C.
15.0 .5 5.20 309 | B.
109 15.0 52.8 3,250 | A.
54 15.0 36. 4 2,170 | A.

SEVENMILE (REEK NEAR HELENA, MONT.

This station, which is located at Doctor Head’s ranch, near Helena,
Mont., was established July 16, 1908, and discontinued August 26
The records determine the value of the stream

of the same year.

for irrigation and municipal water supply.
The entire flow of this creek is appropriated and used for irrigation.
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Discharge measurements of Sevennile ('reek near Helena, Mont., in 1908.

!
. Areaof | Gage Dis-

Date. Hydrographer. Width. section. | height. | charge.
—_— — [ |
|

Feet. Sq. ft. Feet. | Sccft.

July 16......... J.E.Stewart. .. ... ... il 9.5 7.2 1.42 12.0

August 11...... i Raymond Richards....... .. ... .. ... ... ... .0 1.9 .89 2.8

Day. July. | Aug. July. | Aug.

o ekt et

ot et ok b

DEARBORN RIVER DRAINAGE BASIN.
DESCRIPTION.

Dearborn River rises on the eastern slope of the Rocky Mountains
in Lewis and Clark County, Mont., and takes a general southeasterly
course to its junction with the Missouri about 40 miles southwest of
Great Falls.

The construction of a project under the Carey Act to reclaim about
30,000 acres of land was undertaken several years ago. The water
supply for this project comes from the natural flow of the Dearborn
at a point just below the mouth of Falls Creek.

The following gaging stations have been maintained in this drainage
basin:

Dearborn River near Clemons, Mont., 1908.
Falls Creek near Clemons, Mont., 1908.

DEARBORN RIVER NEAR CLEMONS, MONT.

This station, which was established May 4, 1908, to obtain mmforma-
tion concerning the amount of water available for irrigation, is located
2 miles above Clemons, Mont., and one-half mile above the headworks
of the reclamation project.

The only important tributary near the station is Falls Creek, which
enters one-half mile below. The drainage area is 110 square miles.

Measurements at thisstation are made by wading. The conditions
are good for obtaining accurate results at low and medium stages,
but measurements at flood stages are impossible. The stream freezes
over during the winter, and no record of gage heights is kept. The
datum of the gage has remained unchanged.
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Discharge measurements of Dearborn River near Clemons, Mont., in 1908.

’ . Areaof Gage Dis-
Date. l Hydrographer. ‘Width. section. height. | charge.

- - | —

‘ Feet. | Sq.ft. ' Fect. | Sceft.
May 4.. .| Stewart & Richards. ... . ... ... ... 35 48,8 0.60 104
July 1 Raymond Richards. . .. 68 72.9 .43 156
August 29 ... |..... 5 1 S 59 40.6 , — .03 55. 6
October 16.

_____ do. . il 61 86 ‘1 .61 217

NoTE.—Measurements made by wading.
Daily gage height, in feet, of Dearborn River near Clemons, Mont., for 1908.

[A. F. Kenck and O. A, Kenck, observers.]

i
Day. May. | June. | July. i Aug. ‘ Sept.
| i

Note.—From June 1-11 observer was unable to get to the gage on account of high water.

FALLS CREEK NEAR CLEMONS, MONT.

This station, which is located 1% miles above Clemons, Mont., and
500 feet above the mouth of the creek, was established May 4, 1908,
to obtain data for use in connection with water-power and irrigation
development.

Falls Creek has a large fall above the gaging station and affords
opportunities for water-power development. No water is diverted
from this stream, its entire flow reaching Dearborn River.

The conditions for obtaining accurate discharge measurements are
fair at medium and low stages. Measurements are impossible at

31260—IRR 246—10——4
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flood stages, as they can be made only bj;f wading. No records are
kept during the winter, as the gage heights are affected by ice. The
datum of the gage has remained unchanged.

Discharge measurements of Falls Creek near Clemons, Mont., in 1908.

! :
. Areaof | Gage | Dis-
Date. Hydrographer. Width. Section. iheight i charge.

Feet. Sq. ft. Feet. Sec.-ft.
2 22.8 1.3

May4......... Stewartand Richards..._... ... ... ... ...... ... 5 1. 29.7
July 13 ........ Raymond Richards . .. 35 34.4 1.37 ¢ 79.7
August 29 ... |..... IS R 28 18.4 | 1.0l | 30.5
October16.....|..... do. i 32 34.2 1.43 | 78.7

NoTE.—Measurements made by wading.

Daily gage height, in feet, of Falls Creek near Clemons, Mont., for 1908.

[A. F. Kenck and O. A. Kenck, observers.]

Day.|May. | June. July.| Aug. | Sept. | Oct. | Nov. iDay. May. | June.! July. | Aug. | Sept.’ Oct. | Nov.

NoTE.—Gage washed out by flood May 21, 1908.
SMITH RIVER DRAINAGE BASIN.

SMITH RIVER AT TRULY, MONT.

Smith River rises in the Crazy Mountains in southern Meagher
County, Mont., flows northwestward, and enters the Missouri about
15 miles southwest of Great Falls.

Only one gaging station has been maintained in this basin. This
station, which was established March 7, 1905, and was discontinued
June 30, 1907, was located at a steel highway bridge on the county
road running up Smith River valley, near the discontinued post-
office of Truly and about 20 miles southwest of Great Falls. The
data are valuable in connection with irrigation development in Smith
River valley.
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Discharge measurements of Smith River at Truly, Mont., in 1905-1907.
. ! . Areaof | Gage | Dis-
Date Hydrographer. Width. | section. height. | charge.
Feet Sq. ft. Feet. | Sec-ft.
Porterand Bird. . ... ... ... ... 87 118 1.80 163
... Stockman and Portor...__....._.. 1 101 1.62 125
Sept. Lo ALPLPOTer- e 40 1.20 31.0
1206. ¢
April9......_. Morse and .dson 99 164 2.37 423
May 21.. .| Gordon Edson._.............. 99 152 2.32 397
July 12. ... ... Raymond Richards. 99 163 2.31 317
November 28a _|..... 65 50 1. 60 79.9
1907.
April22. ... JOE.Stewart.. ... ...l 98 154 2.29 329
a Made by wading.
Daily gage height, in feet, of Smith River at Truly, Mont., for 1907.
[Henry V. Evans and David H. Evans, observers.]
{ ! |
Day. Jan. | Feb. l Mar. | Apr. | May. | June. Day. Jan. | Feb. | Mar. | Apr. .May. | June.
i |
1oL, 1.68 | 2.20 | L.75 | 1.95 | 2.30 | 3.95 16 2.75 1 1.80 [ 2.65 | 2.65 3.70
2o L7 ... 1.80 1 2.50 | 2.30 | 4.00 || 17....._....f...... 2.75 | 1.75 1 2.60 | 2.95  3.50
F T 1.60 ... 1.80 | 2.85 | 2.26 | 4.10 || 18. ... ...__ 2.20 [ 2.58 | 1.80 ] 2.50 | 3.15 3.35
4oL L48 .. 1.70 [ 3.10 | 2.20 { 4.10 | 19..... ._..|...... 2.0512.15|2.40 | 3.30 ' 3.20
I S 1.65 | 2.30 | 1.82 | 3.25 | 2.20 | 4.00 || 20 ... ... .{...... 2.25 2.68 | 2.40 § 3.55 , 3.15
1.553.00 2.20 | 3.95 | 3.40 | 2.30 | 4.50 l 3.25
1.80 | 2.95 | 2.12 | 4.05 3.90 12,30 | 4.45 | 3.35
1.80 | 2.65 | 2.30 | 4.00 4.10 | 2.35 | 4.65 | 5.05
1.8512.655 1 2.45| 4.00 3.95 2,40 | 455 | 9.00
1.88 | 2.55 1 2.65 | 3.85 3.05 12.35 | 4.40 | 8.65
1.78 1 2.70 { 2.65 | 3.85 2.65 2.30 | 4.10 | 6.90
1.75 [ 2.95 | 2.75 | 3.85 1.9212.25 | 3.80 | 5.75
1.80 12.75 | 2.75 | 3.75 1.82 | 2.25 | 3.65 | 5.35
1.78 | 2.65 | 2.65 | 3.95 1.8512.2013.60 | 5.15
1.70 | 2.60 ' 2.60 ) 3.80 1.82 12.30 | 3.60 | 4.80
! ! L& | ... 3.7 L.
I N S A |
NoTe.—River frozen Jan. 1-Feh. 14, 1907.
Rating table for Smith River at Truly, Mont., for 1905-1907.
i ) B
Gage Dis- | Gage ' Dis- ‘ Gage Dis- |, Gage Dis-
height.| charge. [l height. i charge. !| height.| charge. ” height.{ charge.
i
Feet. | Sec.t l Feet. | Sec.t. L’ Feet Sec.ft. Feet. | Sec.ft.
100 10 1.60 111 2.20 321 2.80 609
1.10 20 1.70 140 2.30 365 2.90 660
1.20 32 1.80 173 2.40 412 3.00 712
1.30 47 1.90 207 2.50 460 3.10 765
1.40 65 2.00 242 2.60 509 3.20 819
1.50 86 2.10 280 2.70 559
i !

Note.—The above table is not applicable for ice or obstructed-channel conditions.

It is based on seven

discharge measurements made in 1905-1907, and is fairly well defined between gage heights 1.2 feet and 2,5

f2et.

Above gage height 3.2 feet the rating curve is a tangent, the difference being 55 per tenth.
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Monthly discharge of Smith River at Truly, Mont., for 1905-1907.

Disch i cond-feet.
ischarge in second-fee Run-off || oo
Monih. -- — —-| (total in Aracy
Maximum. | Minimum. | Mean. |3 e—ieet)“
173 76 135 6,690 | A
140 86 109 6,490 | B
224 86 149 9,160 | A
534 200 336 20,000 | B
300 86 154 9,470 | A
173 40 74.6 ©4,590 | B
44 26 31.7 1,80 | C
- 126 44 67.3 4,140 | B
November. . . 98 40 83.3 4,960 | B
December. ... ... i 140 56 86.5 5,320 | C
.................................. 72,700
660 163 434 6,800 | B
| 559 242 331 19,700 | B
: 863 207 392 24,100 | B
1,250 712 974 58,000 | C
‘ 70| 32 19,800 | B
117 86 107 6,580 | B
: 126 111 116 3,680 | B
Theperiod......... .......... e e R e e 139,000
’ 1,040 156 502 14,900 | B
- 1,310 140 348 21,400 ; B.
846 224 489 24,100 | B.
1,620 288 796 45,900 | C.
4,010 792 ( 1,460 86,900 | D

SUN RIVER DRAINAGE BASIN.
DESCRIPTION.

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, emerging on a
level plain, through which it runs for 75 miles to its junction with
the Missouri at Great Falls. The area of the drainage basin is about
2,240 square miles.

South Fork and Willow Creek, its only important tributaries, rise
in the mountains and are perennial streams. The others are small
intermittent streams whose drainage areas lie entirely within the
plains region.

The valley of Sun River proper is from 1 to 3 miles wide and the
river flows from 5 to 25 feet below its general surface. Steeply
sloping bluffs, about 300 feet high, border this valley, and between
these bluffs and the adjoining river valley are comparatively smooth
bench lands. The highest peak in the mountains stands about 8,900
feet above sea level; the altitude of the river at the canyon where it
leaves the mountains is 4,450 feet; at its mouth it is 3,300 feet above
sea level. ‘
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The mountainous part of the basin is included in the Lewis and
Jlark National Forest, and is heavily timbered. The plains section
is treeless except for a few willows and cottonwoods along the streams.

The mean annual rainfall varies from 12 inches in the plains region
to about 45 inches in the mountainous sections. The heaviest rain-
fall occurs during the month of June, but the regular June floods are
caused by the melting snow in the mountains. During the greater
part of the winter season all the streams are frozen over.

Much of the land in the valley has been irrigated, and the ordinary
summer flow of the stream is practically all utilized. The United
States Reclamation Service has started construction on an irrigation
project that will store the flood water of Sun River and its tributaries
and carry it to the higher beneh lands at the north of the valley, where
260,000 acres of irrigable land can be reclaimed. (See PL. TV.) A
number of reservoir sites have been selected, the largest being the
Warm Springs reservoir with a capaeity of 156,800 acre-feet. The
other reservoirs are the Willow Creek, with a capacity of 84,320 acre-
feet; the Pishkun, with a capacity of 45,747 acre-feet, and the Benton
Lake, with a capacity of 140,200 acre-feet.

Natural power opportunities are good, as Sun River has a mini-
mum flow at the point where it leaves the mountains of 150 second-
feet and a fall of about 40 feet to the mile.

The following gaging stations have been maintained in this river
basin:

North Fork of Sun River near Augusta, Mont., 1889-90, 1903-1908.
Sun River at Sun River, Mont., 1905-1908.

Sun River near Great Falls, Mont., 1897.

South Fork of Sun River at Augusta, Mont., 1904-1908.

Willow (‘reek near Augusta, Mont., 1905-1908.

Ford (‘reek near Augusta, Mont., 1906-1908.
Smith Creek near Augusta, Mont., 1906-1908.

NORTH FORK OF SUN RIVER NEAR AUGUSTA, MONT.

This station, which is situated below the head of the Kilraven
diteh, near Christian’s ranch, 12 miles northwest of Augusta and 21
miles southwest of Choteau, Mont., was established October 31, 1903,
to determine the amount of water available for storage and irrigation.

The only important tributaries are Willow Creek and the South
Fork of Sun River, both of which enter several miles below the gaging
station. Very little water is diverted above the station, but below
nearly all of the valley land is irrigated from this stream.

The gage datum has not been changed since the station was estab-
lished. Conditions for obtaining accurate discharge data are excel-
lent except during the winter months, when the discharge is affected
by ice.
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Discharge measurements of North Fork of Sun River near Augusta, Mont., in 1907

and 1908.
Areaof | Gage | Dis-
Date Hydrographer. Width. section. [height.|charge.
1907. Feet. Sq. ft. Feet. | Sec.-ft.
April19...._... Follansbee and Stewart.........._.................. 130 388 1.76 749
ay 26 ...| J.E. Stewart.......... . 138 559 3.06 2,150
June13.........0..... do...... . 144 763 4.40 4,300
August 2. ... ... do.........o.... . 152 504 2.36 1,340
September 19.._{ Follansbee and Stewart.. . 116 330 1.19 408
September 20. . ..... LG 107 160 | (a) 389
140 599 3.11 2,160
140 586 2.47 1, 690
135 312 77 390
) 135 402 1 721
i

a Made at mouth of canyon, 10 miles above regular station. Regular gage read 1.19.

Daily gage height, in Jeet, of North Fork of Sun River near Augusta, Mont., for 1907
and 1908.

{G. B. Christian, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. { Sept. | Oct. | Nov. : Deec.
1.2 0.6 1.6 4.9 4.5 2.4 1.4 f....... 0.9 0.7
1.0 .6 1.6 5.6 4.4 2.4 1.4 1.1 .9 .7
.9 .6 1.6 5.1 4.6 2.3 1.3 1.1 .9 .8
.8 7 1.6 4.6 4.7 2.3 1.3 1.1 .9 .8
.7 1.0 1.6 4.6 4.5 2.3 1.3 1.1 .9 .7
.6 1.0 1.5 5.0 4.1 2.2 1.3 1.1 .9 7
7 1.0 1.5 5.0 3.9 2.1 1.3 1.1 .9 .8
7 1.0 1.7 5.2 3.7 2.0 1.3 1.0 .9 .7
.7 1.1 2.0 4.0 3.9 2.0 1.3 1.0 .9 .8
7 1.5 2.4 4.4 3.9 2.0 1.2 1.0 .9 .8
7 1.6 3.2 4.0 3.8 1.9 1.2 1.0 9 .8
.6 1.5 3.1 4.2 3.8 1.9 1.3 1.0 .9 .8
.6 1.6 3.1 4.3 3.6 1.8 1.3 1.0 .9 .7
.6 1.8 3.1 4.0 3.4 1.7 1.2 1.0 .9 7
.5 2.0 3.4 3.9 3.2 1.7 1.2 1.0 .9 T
.5 2.4 3.7 3.8 3.1 1.7 1.2 1.0 .9 .6
.5 1.9 4.4 3.6 3.1 1.6 1.2 1.0 .8 .6
.5 1.9 4.4 3.6 3.0 1.6 1.2 1.0 .8 N
.5 1.8 4.5 3.9-| 3.0 1.6 1.2 1.0 .8 7
.6 1.6 5.0 4.3 3.0 1.6 1.2 1.0 .8 .8
.6 1.6 4.5 4.3 3.2 1.5 1.2 1.0 .8 .8
.6 1.8 4.4 4.6 3.3 1.5 1.2 1.0 .8 7
.6 1.8 3.8 5.3 3.2 1.5 1.2 1.0 .8 .8
.6 1.7 3.5 5.0 3.0 1.5 1.2 1.0 .8 .8
.6 1.6 3.3 4.4 2.9 1.5 1.2 1.0 .8 .8
.6 1.6 3.0 4.5 2.8 1.5 1.1 1.0 .8 .8
.6 1.6 3.4 5.0 2.7 1.5 1.1 1.0 .8 .8
.6 1.5 3.6 5.4 2.6 1.6 1.1 .9 .7 .8
.6 1.5 3.8 5.4 2.7 1.5 1.1 .9 .7 .8
.6 1.5 3.8 5.0 2.7 1.5 1.1 .9 T .8
[ 20 PO 4.0 |....... 2.5 L5 ..., 1N P .8
.6 .6 2.4 5.2 3.2 1.0 7 .8 .7 .8
.6 .6 2.7 5.5 3.2 1.0 .7 .8 W7 .8
.6 .6 2.8 4.8 3.2 1.0 7 .8 .7 .8
.6 .6 2.8 6.5 3.1 1.0 .7 .8 .7 .8
-6 .6 2.8 6.5 3.0 1.0 .7 .8 i .8
.6 .6 3.1 (&) 2.8 1.0 T .7 7 .8
.6 .6 3.6 | (¢ 2.8 .9 .7 7 7 .8
7 .6 3.91 (o) 2.8 .9 7 .7 7 .8
7 T 3.4 6.5 2.7 .9 .7 7 7 .8
.7 .7 3.5 6.2 2.7 .9 N 7 7 .8

aRiver frozen entirely across January 1 to February 16, 1907. Recorded gage readings are to water
surface.

b River frozen January 1 to about March 10, and December 21-31, 1908.

cWater over top of gage June 6,7,8,1908. From high-water marks the extreme high stage was found
10 be 9.5 feet. Discharge estimated as 15,000 second-feet.
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Daily gage height, in feet, of North Fork of Sun River near Augusta, Mont., for 1907
and 1908—Continued.

Day. Jan. | Feb. | Mar. | Apr. ‘ May. | June. \‘ July. | Aug. | Sept. | Oct. | Nov. | Dec.
\

0.7 0.8 3.5 6.0 2.7 0.8 0.7 0.7 0.7 0.8
.8 1.0 3.4 5.6 2.6 .8 .7 .7 7 .8
-9 1.2 3.2 5.2 2.6 .8 7 .7 7 .8
.9 1.5 3.2 4.8 2.5 .8 .7 N 7 .8
.9 1.3 3.3 4.6 2.5 .8 .7 7 T .8
‘9 1.2 3.6 4.5 2.4 .8 .8 N 7 .8
‘9 1.7 3.4 4.4 2.3 .8 .9 N .7 -8
9 2.0 3.1 4.1 2.2 .8 .9 .7 7 .8
8 2.3 3.1 3.9 1.9 .8 .9 7 i .8
'8 2.6 3.0 3.6 1.8 .7 .9 .7 N .8
-8 2.9 2.9 3.4 1.8 N .9 i 7
-7 291 2.9 3.2 1.7 N .8 -7 N
.7 29| 2.8 3.2 1.6 7 .8 -7 .8
.1 3.0 2.9 3.2 1.5 N .8 7 .8
7 2.9 3.2 3.6 1.5 7 .8 .7 .8
.7 2.8 3.2 4.0 1.4 1 .8 .7
-7 2.6 3.1 3.7 1.3 N .8 .7
N 2.5| 3.1 3.2 1.2 N .8 7
q 2.2 3.1 3.0 1.2 .7 .8 -7
7 2.0] 3.2 3.0 11 1 .8 .7
B A P 3.8 ... 1.0 T T

a River frozen January 1 to about March 10, and December 21-31, 1908.

Rating tables for North Fork of Sun River near Augusta, Mont.

JANUARY 1, 1907, TO JUNE 7, 1908.

| i
Gage Dis- || Gage Dis- Gage Dis- || Gage Dis-
height.| charge. |height.| charge. | height.| charge. 'j height.| charge.
Feet. | Secft. Feet. | Sect. Feet, | Sec-ft. Feet. | Sec.ft.
0.50 150 1.80 795 3.10 2,220 4.80 4,980
. 60 180 1.90 875 3.20 2,360 5.00 5,360
.70 210 2.00 960 3.30 2,500 5.20 5,740
80 245 2.10 1,050 3.40 2, 650 5.40 6,130
90 285 2.20 1,145 3. 50 2,800 5.60 6,530
1.00 325 2.30 1,255 3. 60 2,950 5. 80 6,930
1.10 370 2. 40 1,360 3.70 3,100 6.00 7,330
1.20 420 2.50 1,470 3.80 3,260 6. 20 7,750
1.30 470 2.60 1,580 3.90 3,420 6. 40 8,170
1. 40 525 2.70 1,700 4. 00 3,580 6. 60 8,590
1.50 585 2.80 1,820 4.20 3,920
1. 60 650 2.90 1,950 4.40 4,260
1.70 720 3.00 2,080 4. 60 4,620
I

Note.—The above table is not applicable for ice or obstructed-channel conditions. It is based on six
discharge measurements made during 1907-8 and the form of previous curves and is well defined below
gage height 5 feet.

JUNE 8, TO DECEMBER, 1908.

0.50 289 | 1.80 1,040 || 3.10 2,570 || 4.80 | 5,440
~60 325 || 1.90 1,120 || 3.20 | 2,720 || 5.00 | 5,820
.70 365 || 200 | 1,210 || 3.30 | 2,870 || 520 | 6,200
.80 409 || 2.10 1,300 || 3.40 | 3,030 | 540 | 6,580
.90 457 2.20 1,400 || 3.50 3,190 | 5.60 6,960

L00 509 || 230 1,510 || 3.60 | 3350 | 58 | 7360

1.10 565 || 2040 | 1,620 || 370 | 3510 | 6.00 | 7,760

1.20 624 1 2.50 1,740 | 3.80 | 3,680 | 6.20 | 8160

1.30 686 || 2.60 | 1,870 | 390 | 380 | 640 | 8560

1.40 751 I 270 | 20000 | 400 | 402 || 660 | 8960

1.50 820 || 2.8 | 2,140 | 4.20 | 4,360

1.60 890 || 2.90 | 2,280 | 4.40 | 4720

L7 960 | 3.00 | 2420 | 460 | 5,08

NoTe.—~The above table is not applicable for ice or obstructed-channel conditions. It is based on three
discharge measurements made after the high water of 1908 and the general form of previous curves and is
well defined below gage height 3.0 feet.
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Monthly discharge of North Fork of Sun River near Augusta, Mont., for 1907 and 1908.

Discharge in second-feet. Run-off
Month. — [(total in_|-CCW
Maximum. | Minimum. | Mean. |acre-feet).| T3¢+
1907 ‘ !

JARUATY - o et et e e e a 230 14,100 | D.
February. ... 421 23,400 | C.
March. ... ... ............ 420 150 199 12,200 | B.
i\ipril. 1,360 180 596 35,500 | A.
ay.. 5,360 585 2,440 | 150,000 | A.
June. 6,530 2,950 4,630 | 276,000 | A.
July. 4,800 1,470 2,780 { 171,000 | A.
August. 1,360 585 818 50,300 | A.
September. 525 370 434 25,800 | A.
October...... ... 370 285 330 20,300 | B.
November. 285 210 263 15,600 | C.
December 245 180 228 14,000 | D.

,,,,,,,,,,,, 1,110 | 808,000
210 238 9,910 | D.
180 856 50,900 | A.
1,360 2,320 | 143,000 | .A.
2,420 5,710 | 340,000 | B.
509 1,540 04,700 | A.
365 418 25,700 | A,
365 395 23,500 | B.

365 372 | 22,900
365 377 | 22,400 | C.
409 409 16,200 | D.

................................................ Lo 739,000

e Estimated.

SUN RIVER AT SUN RIVER, MONT.

This station, which is located at the highway bridge over Sun
River, Mont., was established July 31, 1905, to obtain data for use
in conneetion with irrigation projects. The records at this station
do not show the total run-off from the drainage area above it, as
practically the entire valley above is irrigated from this stream.
The greater part of the ordinary summer flow is utilized for irrigation,

The gage datum has not been changed since the station was estab-
lished. The discharge is affected at times during the winter by ice.
The gaging section at the bridge has been very poor since the high
water of 1907, but good low-water measurements can be made by
wading.

Discharge measurements of Sun River at Sun River, Mont., in 1907 and 1908.

Arveaof | Gage Dis-

bate. Hydrographer. Width. secetion. |height. | charge.
1907, Fet. Sq. ft. Feet. | Sec.ft.
Follansbee and Stewart. ... ... ... ... ... ... 134 362 3.97 1,100

J. K. Stewart. ..., 257 1,020 6.58 3,700

..... do 253 983 6. 58 3,790

..... do. 253 1,020 6.73 3,660

..... do. 189 1,020 5.59 2.500

..... do 149 767 4.71 1, 460

September 3....|. .. .. do 92 448 3.02 374

September 21...| Follansbee and Stewart.... - 92 405 2.82 348
November 6....| J. E. Stewart............. ... ... 148 152 2.60 357

1908.

May 26........ | Raymond Richards....... ... ... ... ... . ... 208 838 5.80 2, 690

June15....... J. B Stewart. ... ... 225 1,620 8.00 6,180

June 20. e dooo o 224 1,410 7.00 4,510

July 15... Raymond Richards 181 979 5.25 1,640

August 27|, do.. ... .. 98 681 3.18 516

October 19. ... R ¢ 97 727 3.50 545
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SUN RIVER DRAINAGE BASIN.

Daily gage height, in feet, of Sun River at Sun River, Mont., for 1907 and 1908.

[R. A. Lange, observer.]
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, February 12, and part of December, 1907.

v, 1908.

¢ The maximum flood gage heigﬁt on June 7, 1908, was 13.4 feet.

alce conditions for about January 10,
o lee conditions during Februar;
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Rating tables for Sun River at Sun River, Mont.

JANUARY 1 TO JUNE 8, 1907.

I
Gage Dis- Gage Dis- | Gage Dis- Gage Dis-
height.| charge. | height.| charge. » height.| charge. | height.| charge.
Feet. | Sec.-ft Feet. | Sec.ft Feet Sec.-ft. Feet. | Sec.ft.
2.60 410 3.80 5.00 1,960 6. 40 3,560
2.70 440 3.90 1,050 5.10 2,060 6. 60 3,820
2.80 475 4.00 1,120 5.20 2,160 6. 80 4,090
2.90 510 4.10 1,190 5.30 2,260 7.00 4,370
3.00 550 4.20 1,260 5.40 2,370 7.20 4, 660
3.10 595 4.30 1,340 5.50 2,480 7.40 4,960
3.20 640 4. 40 1,420 5.60 2,590 7.60 5,270
3.30 690 4.50 1,500 5.70 2,700 7.80 5,590
3.40 745 4.60 1,590 5.80 2,820 8.00 5,920
3.50 800 4.70 1,680 5.90 2,940 8.20 6,260
3.60 860 4.80 1,770 6. 00 3,060 8.40 6,
3.70 920 4.90 1,860 6.20 3,300

NoTE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on two
dischargel ]rgegsurgment.s made during the ahove period and the form of the curve after high water. It
is not well defined.

JUNE 9 TO SEPTEMBER 20, 1907.

2.30 186 3.70 729 5.10 1,890 7.00 4,270
2,40 210 3.80 788 || 5.20 2,000 ||+ 7.20 4,570
2.50 235 3.90 850 I 5. 2,110 7.40 4,880
2.60 262 4.00 915 5.40 | 2,220 7.60 5,200
2.70 292 4,10 985 5.50 2,330 7.80 5,520
2.80 323 4,20 1,060 5. 60 ‘ 2,440 8.00 5, 860
2.90 358 4,30 1,140 5.70 | 2,560 8.20 6, 200
3.00 395 4. 40 1,220 | 5.80 | 2,680 8.40 6,550
3.10 435 4,50 1,310 5,90 2,800 8. 60 6,910
3.20 478 4.60 1,400 J 6.00 2,920 8.80 7,280
3.30 523 4.70 1,490 6.20 | 3,170 9.00 7,660
3.40 570 4.80 1,590 6.40 | 3,430 | 9.20 ,050
3.50 620 4.90 1,690 | 6.60 1 3,700

3.60 673 5 00 1,790 |} 6.80 ; 3,980

!

Note.—The above table is not applicable for ice or obstructed-channel conditions. Tt is based on
seven discharge measurements made during the above period and is well defined below gage height 7.0
feet. Above gage height 9.2 feet the curve is a tangent, the difference being 200 per tenth.

SEPTEMBER 21 TO DECEMBER 31, 1907.
[The indirect method applied, the previous curve being used as standard.]

JANUARY 1 TO AUGUST 8, 1908.

Gage Dis- ‘ Gage Dis- \‘ Gage Dis- Gage Dis-
height.| charge. | height.| charge. '| height.! charge. |i height.| charge.
|

|
Feet. | Sec.-ft. Feet. | Sec.-ft l Feet. | Sec.-ft. Feet, | Sec.fi.
1.90 78 3.30 523 4.70 1,490 7.20 4,710
2.00 100 3.40 570 4.80 1, 590 7.40 5,040
2.10 124 3.50 620 4.90 1,690 7.60 5,380
2.20 149 3.60 673 |1 5.00 1,790 7.80 5,740
2.30 175 3.70 720 | 5200 2,000 800 6110
2. 40 202 3.80 788 \ 5.40 2,220 8.20 6, 490
2.50 231 3.90 850 5.60 2, 440 8.40 6, 870
2.60 261 4.00 915 5.80 2680 8.60 7,270
2.70 292 4.10 985 6. 00 2,930 8.80 7,670
2.80 323 4.20 1,060 6.20 3,200 9.00 8,070
2.90 358 4.30 1,140 6.40 3, 480 10 00 | 10,220
3.00 395 4.40 1,220 6.60 3,780 11.00 1 12,500
3.10 435 4 50 1,310 6.80 4,080 12.00 | 14,900
3.20 478 4.60 1,400 7.00 4, 390 13.00 § 17,400

NoteE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on
discharge measurements made during 1907-8 and is well defined below gage height 9.0 feet. Above 9.0
feet the curve is somewhat uncertain.

AUGUST 9 TO DECEMBER 31, 1908.

[Indirect method for shifting channels used.]
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Daily discharge, in second-feet, of Sun River at Sun River, Mont., for 1907 and 1908.

Day. Sept. | Oct. | Nov. ’ Day. Sept. Oct, | Nov. | Dec.
‘ 280 328 430
290 345 430
290 345 430
290 330 395
290 330 395
280 330 410
285 33 430
285 330 430
285 330 430
268 340 430
268 340 430
280 350 430
280 350 430
280 350 430
280 350 410
245 ... ... 410
Day Aug. | Sept. [ Oct. | Nov. | Dec

415 478 615 560 350

Monthly discharge of Sun River at Sun River, Mont., for 1907 and 1908.

Discharge in second-feet Run-oft \eon.
Month. — -1 (totalm ‘racy
Maximum. | Minimum. ' Mean, |2cre-feet).
l a 400 24,600 | D.
I a750 | 41,700 | D.
463 28,500 | C.
947 56,400 | B.
2,860 | 176,000 | B.
5,210 ; 310,000 | B.
3,250 | 200,000 [ B.
. 747 45,900 | B.
September . 376 22,400 | B.
October 301 18,500 | B.
329 19,600 | C.
412 25,300 [ D.
Theyear. . ..o i : 8,850 |....oiil... 1,340 ) 969,000

a Estimated.
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Monthly discharge of Sun River at Sun River, Mont., for 1907 and 1908—Continued.

Discharged in second-feet. Run-off Ace.
Month. — (total in racy
Maximum. | Minimum. ‘ Mean. | acre-feet).

\ S,
January ... ... 1,790 231 457 28,100 | D.
March................ .. 124 89 102 6,270 | C.
April__._.. ... . . .. 2,800 100 736 43,800 | B.
May. ... .cooooiioon .. 4,390 788 2,380 | 146,000 | A.
June.................. .. 17,400 2,930 7,290 | 434,000 | B.
July.. oo .- 2,930 882 1,870 | 115,000 | B.
August............... .. 965 325 522 32,100 | B.
September - 645 375 495 29,500 | B.
October.............. 645 400 555 34,100 | B.
November .. 560 350 468 27,800 | C.
December 425 280 344 21,200 | D.

The Period. . ..o oot e e s ’ ........................ ]1 .......... 918,000

SOUTH FORK OF SUN RIVER AT AUGUSTA, MONT.

This station, which is located at the highway bridge on the road
from Augusta to Craig, Mont., about one-half mile from Augusta,
was established December 2, 1904, to obtain run-off data for use in
connection with the Sun River Irrigation project.

Water is diverted to irrigate the valley lands, both above and
below the stations. During dryv seasons the entire summer flow is
utilized.

The original gage was spiked to the crib work of the right abut-
ment on the downstream side of the bridge. On April 17, 1907, a
new gage was established 100 vards above the bridge. This gage is
spiked to a tree on the left bank and is set at a different datum.
The gage heights are affected by ice during the winter.

Discharge measurements of South Fork of Sun River at Augusta, Mont.,in 1907 and 1908.

s Area of | Gage Dis-
Date. Hydrographer. Width. Soction. height. | charge.
1907.¢ Feet. Sq.1t. Feet. | Sec.-ft
April17........ Follansbee and Stewart. ... ... 32 49.4 | 62.05 106
May 24........| J. E. Stewart 35 91 2.96 399
Junel2. . ... ._|..... do....oiiiiils 34 T 2.60 247
June26. ......|..._. do....oooiiii 85 296 4.11 | 1,120
Augnstl.......f..... do.. i 34 54 2.11 124
September 18. .| Follansbee and Stewart. .. ... ....... ... .. ... 3 36.9 1.80 45.7
1908.
May4......... Stewart and Riehards. ... ... ... ..l 26 17.7 1.48 10.8
May 27........ Raymond Richards. 69 192 3.36 652
June 18. . ..| J. E. Stewart.... 70 178 3.70 | a475
July 11... Raymond Richar 52 42.1 2.92 | cl05
August 28, . _..do.. 21 21 2.45 c51.1
October 17. ..do... 30 28.6 2.83 81.6
2 Measurements were made at different sections. cMade by wading.

b 0ld gage read 1.27. d Old gage on bridge read 1.96.
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[Richard Auchard, observer.}

Mar.

SUN RIVER DRAINAGE BASIN.

‘Fm‘

Day.

Daily gage height, in feet, of South Fork of Sun River at Augusta, Mont., for 1907 and 1908.

heights refer to a new gage with a different datum.
(about) and December 16-31, 1907; January 1 to March 31

%e

Note.—Beginning April 20. 1907, the ga;
Ice conditions January 1 to February 1

and November 13 to Decewmber 31, 1908.
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Nore.—The above table is applicable only for open-channel conditions.

SURFACE WATER SUPPLY, 1907-8.

Rating tables for South Fork of Sun River at Augusta, Mont.

JANUARY 1 TO APRIL 19, 1907.

Gage | Dis-> || Gage Dis- J\! Gage Dis- } Gage Dis-
height.| charge. |height.| charge. . height.| charge. ‘ height.| charge.
1 ; :
Feet. | Sec.ft. | Feet. | Sec.t. Feet. | Secft. ‘ Feet. | Sec.ft.
0.90 46 || 1.10 75 1.30 113 1| 1.50 159
1.00 59 ' 1.20 93 1.40 135 l

measurements made during 1907, which cover the range of stage for this period.

Norte.—The above table is not applicable for ice or obstructed-channel conditions.

APRIL 20, 1907, TO JUNE 9, 1908.

It is based upon discharge

It is only approximate.

1.30 2 2,50 i 232 3.70 834
1.40 6 || 260 | 26 | 3.8 904
1.50 12|l 270 | 302 | 3.9 976
1,60 21 || 280 340 I| 400 | 1,050
1.70 33 || 2.90 380 || 410 | 1,126
1.80 48 |l 3.00 425 4.20 1,204
1.90 66 || 3.10 472 || 430 | 1,284
2.00 87 .&m] 523 | 4.40 | 1,366
2.10 1| 330 578 || 450 | 1,450
2.20 138 | 340 | 637 || 4.60 | 1,536
2.30 168 ' 3.50 ' 700 || 470 @ 1624
2.20 200 | 360 766 || 4.80 | 1,715

|
|
|
|
|
|
|
|
|

PO RS o
2IE8IRBIELEIY

It is based on eight

discharge measurements made during the above period and is fairly well defined below gage height 4.3 feet.

JUNE 10 TO DECEMBER 31, 1908.

2.2 30 | 2.90 90 1| s.60 381
2,30 36 | 3.00 120 | 370 150
210 33 || 310 1 3w 526
2.50 51 || 320 178 || 3.90 609
2.60 60 || 330 27 | 400 692
2.70 70 || 330 | 264 || 410 777
2.8 8 | 350 319 | 420 l 867

B g g
88238828

962
1,062
1,167
1,272
1,382
1,492
1,607

Nore.—The above table is not applicable for ice or obstructed channel conditions.
four discharge measurements made during the above period and the general shape of the previous
high-water curve. It is not well defined.

It is based on

Monthly discharge of South Fork of Sun River at Augusta, Mont., for 1907 and 1908.

Discharge in second-feet.

Run-off

L1 |Accu-
Month. ] . ;g?;}éé?) racy.
Maximum. | Minimum. | Mean.
1907.
UL 180 E:) o AR DRI I 20.0 1,230 | D.
February...... ... i 97.3 5,400 | D.
March. . 75 46 65.0 4,000 | C.
April... 113 75 93.1 5,540 | C.
May.... 523 11 292 18,000 | A.
June... 1,810 153 552 32,800 | A.
July.... 403 111 205 12,600 | A.
August.. 111 48 72.7 4,470 | B.
September. 48 40 44,8 2,670 | B.
October. 48 33 39.0 2,400 | B.
November. 33 33 33.0 1,960 | C.
December 33 | 26.3 1,620 | D.
S oo 92,700
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Monthly discharge of South Fork of Sun Rwer at Augusta, Monl., for 1907 and
1908—Continued.

! . .
, Discharge in second-feet. Run-off A
Month. : (total in m%c;}
! Maximum. | Minimum. | Mean. acre-feet).
|
1908.
April i 33 16 28.9 1,720 | C.
ay.. 766 2 172 10,600 | B.
June..... ...l 4,300 240 | 1,280 76,200 | B.
July. . oo 217 51 107 6,580 | B.
August. . ..o 83 40 49.1 3,020} C.
September........... s 60 33 41.3 2,460 | C.
October. ... ... ............ 99 51 76.2 4,690 | B.
November (1-12) i 76 30 61.2 1,460 | B.
Theperiod. ... . ... . i 107, 600

Nore.—Discharge estimated for ice periods in 1907.
WILLOW CREEK NEAR AUGUSTA, MONT.

Willow Creek rises on the eastern slopes of the Rocky Mountains
in the northwestern part of Lewis and Clark County, Mont., and
flows in a general northeasterly direction to its junetion with Sun
River.

The gaging station, which is located at Jordan’s ranch just below
the mouth of Little Willow Creek, about 7 miles northwest of Augusta,
Mont., was established June 8, 1905, to obtain run-off data for use in
connection with the Sun River irrigation project. Willow Creek dam,
work on which has been begun, will provide a reservoir with a capacity
of 84,320 acre-feet.

Much of the valley land above the station is irrigated, the water
being taken from this stream.

Conditions for obtaining accurate discharge data are excellent.
No ice forms at this station, as a large spring enters the creek just
above the gage. The datum of the gage has not been changed.

Discharge measurements of Willow Creek near Augusta, Mont., in 1907 and 1908.

. . Areaof | Gage Dis-

Date. Hydrographer. Width.| Section. | height. | charge.

1907. Feet. Sq. ft. Fect. | Sec.-ft.
April 19 Follansbee and Stewart 13 16.0 1.32 27.6
May 25 J. E. Stewart 16 38.4 2.73 90.0
Junel3.........|..... do. 16 39.0 2.56 76.0
June 27 .do. 26 49.0 4.42 176
August 2. -..do. 14 20.4 1.62 37.9
September 19 . .| Follansbee and Stewart 14 11.8 .95 14.1

1908.
May5.......... Stewart and Richards.............. . ... ... 12 8.4 .75 8.6
May28......... Ragmond Richards. ... A2 40.0 3.10 107
Junel9......... J. K. Stewart........ 26 45.6 3.94 166
July 11......... Raymond Richards.. 15 23.8 1.78 40.8
August 30......1. ... do.....ooaaaol. .. 14 13.1 1.00 14.9
October 15..... [, L L 17 10.0 .92 12.8

|

Norg.—Measurements on May 28 and June 19, 1908, made from wagon bridge. All others made by
wading at various sections.
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Daily gage height, in feet, of Willow Creek mear Augusta, Mont., for 1907 and 1908.

[S. N. Jordan, observer.}

]
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
| |

1.20 ] 130" 1.60| 3.05| 3,70 | 1L.60| 110} 0.95 i 0.80 | 0.82
1.02] .25 1.50( 3.25| 3.50| 1.60| 1.10{ .95, .s0| .s2
118 | 1.45 1.60 | 3.15| 3.40| 1.55| 1.05| .92 .78 .9n
1181 1.35  1.58 | 3.05] 8.25| 1.50 | 1.05 90 78| 95
1.30 | 1.35 1.58| 2,90 3.10 | 1.48 | 1.05 90 .78 i .90
122 130 1.55] 2.95| 2.95| 1.42| 1.05| 1.02| .78 .90
1.35) 1.30, 1.58| 3.150 2.75| 1.42| 1.05| 1.00 ‘ 81 .90
1.18 | 1.28 1.60 | 3.00 | 2,70 ] 1.42 1.08 .90 78 .85
120 1.35| 1.75| 2901 2.72] 1.40 | 1.05| .85 l 8| .85
L42] 1.38) 1.75| 2.80 2.80] 1.40' 1.05| .85' .80 88
118| L45| 2.10| 270 ] 2.65| 110] 105| .85 | .80 .88
118} 1.40 200! 2.65| 2.50| 1.30| 1.10| .85 | .80 | .88
1181 1.40 205! 2.50( 2.65| 1.30] 1.10{ .82 .80 | .85
1.38] 1.42 ] 2.02| 2.38] 2.50| 1.25| 1.10| .s2| .80| .0
1.28 | 1.45| 2.05| 2.55| 2.30| 1.20 ! 1.08 .82 .80 65
1.20| 1.40| 2.20| 2.50 | 2.35| 1.20; 1.00| .82 5 72
1251 1.40 1 2.35| 2.25| 2.25| 1.20 | 1.00 82 .80 65
1.35| 1.42' 2,55 2.10| 2.20] 1.18] .00 | .82' .70 65
1.65 | 1.28 258 | 2,00 2,15 1.1% 95 .82 90 60
1.52 1.25  3.00 1,98 2.10| 1.15 95 .82 88 60
1.60 | 1.25, 2.85| 2.40] 2.15] 1.12 95 | .82 95 65
1.35| 1.25] 3.00| 3.40 | 2.20| 1.05 95 | .82 95 75
1.28 1 1.40 | 3.00| 5.38| 2.00| 1.05 @ .82 88 75
1.25| 1.40 | 2.85| 540 | 1.95| 1.05 90 | .82 95 75
1.20 | 1.35| 2.72( 4.95| 1.82| 1.02 00| .82 90 75
1.25| 1.38 | 2.75| 4.50 | 1.80| 1.02 90 | .82 90 75
1.45| 1.38| 2.65| 4.35| 1.75| 1.02 90 | .80 75 75
1.48 ) 1.45| 2.55] 4.28| 1.72 1.10 ] 1.00 .80 88 68
1.35( 1.48 | 2.85| 4.08 | 1.65| 1.10 951 .80 88 63
118 | 1.50 | 2.90| 3.85| 1.65| 1.10 95| .80 85 68
1.35 [....... 3.00 | ... 1.60 [ 1.10 [....... B0 65
65 75 751 8.30 ) 2,60 1.15 .95 .85 1 1.00 .92
65 75 .75| 6.60| 2.45| 1.12| .92| .95| 1.00| .80
65 80 .75 6.40 | 2,30 | 1.10 .88 .98 | 1.00 .82
€0 75| .80 | 6.95| 2.22| 1.08| .88| .9R| L.00| .82
60 80 | .78 1 9.50 | 2.15] 1.08| .8 ] .95| 1.00 | .85
65 78 7. 8.30 | 2.12 1.05 .80 951 1.00 .92
70 80| .80 8.45| 210 1.05| .80 92| 1.00| 1.00
70 78| .75 7.85| 2.00 | 1.15| .80 92| 1.00| 1.00
7 75| .85 7.22| 1.85| L15| .80 | .90 | 1.00| .95
80 751 1.15| 6.70| 1.80 | 1.12 80 .90 .98 .92
.90 751 1.05| 6.20! 1.78| 1.10 80| .90 98 %)
.80 80| 1.35| 5.80| 1.72| 1.12 0| .90 9 95
.85 75 1,281 5.38| 1.70 | 1.30 78 .90 98 78
.92 75| 1.40 | 4.85| 1.90 | 1.28 81 .90 9 50
90 70| 1.35| 4.62| 2.20| 1.22 78 92 92 85
.10 .75| 1.65| 4.50| 190! 1.22| .78| 100 | 10O | .7
1.00| .75 1.55, 4.32| 1.8 L20| .95| 1.00| L15{ .75
.00 | .75( 1.40{ 4.10| 1.80 | 1.20| 1.00| 1.00f 1.12] .80
1.00 750 1,82 3.95] 1.75) 1.20 .90 1.00 1.12 .82
1.02 .80 | 1.55| 3.70 1 170 1.18 .88 1.051 1.00 .82
a5 L5 162 3.50 ) 1.65| 1.18 .85 [ 1.05( 1.00 .82
80 L5 LT 3.40| 1.60| 1.18 .82 1 1.05( 1.00 .82
.80 | .70 1.60 | 3.28| 1.58 | 1.15| .80| 1.05{ 1.00| .82
68| .78| 1.60| 3.00| 1.52| 1.12| .85| 1.05| 1.00| .82
85| .72 1.85| 2.90| 1.50| 1.10) .90| 1.05] 1.00| .88
.80 L7000 1,85 2.80| 1.48 | 1.10 .90 | °1.05) 1.¢0 .88
80| .70 350 | 2.75| 1.45| L.10| .90 | 1.02| .95| .90
80| .70 2.68| 2.72| 1.40 | 1.10| .90 1.02| .95[ .90
80| .72 2.48| 2.68 | 1.38| 1.00| .88 | 1.00| .92 .90
.80 L7510 3100 2.60 | 1.30| 1.00 .85 | 1.00 .92 .88
£ P, 4.60 ... 1,200 .00 }....... 1.00 0. .. .88
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Rating tables for Willow Creek near Augusta, Mont.

65

FOR 1907.
Gage Dis- | Gage Dis- Gage Dis- Gage Dis-
height.| charge. ‘ helght.| charge. | height.| charge. | helght.| charge.
| 1o
—| .
Feet. | Sec.ft. \ Fect. | Sec.t. [[ Feet. | Secft. | Fect. | Sect.
0.60 6 1.70 41 2.80 89 3.90 144
70 8 1.80 45 “ 2.90 94 4.00 149
.80 10 1.90 49 0 3.00 99 4.20 159
.90 13 2.00 53 & 3.10 104 4.40 169
1.00 16 2,10 57 f 3.20 109 4. 60 179
1.10 19 2.20 61 || 3.30 114 4.80 191
1.20 22 2.30 65 | 3.40 19 4 5.00 203
1.30 25 2.40 69 ‘ 3.50 124 [ 5.20 215
1.40 2 | 2.50 74 J 3.60 129 || 5.40 227
1.50 33 2. 60 79 1 3.70 134
1.60 37 | 2.70 8 1 3.80 139
I S S St
Note.—The above table is not applicable for obstructed-channel conditions. It is based on discharge
measurements made during 1905-1907 and is well defined.
FOR 1908.
T - H
0.60 5 2.00 53 J 3.40 123 5.60 261
.70 7 2.10 58 3.5 128 5.80 275
.80 10 2.20 63 3.£0 134 6.00 289
.90 12 2.30 68 i 3.70 140 6.20 303
%11)8 %g || 2.40 73 J 3.8Q %46 2.40 317
. 2.50 7 3. 90 52 . 60 332
2 2 || 260 | & | 4a0 138 f 680 348
1.30 25 2.70 | 88 } 4.20 170 7.00 364
1.40 29 2.80 | 93 4.40 182 1 8.00 444
150 33 1| 2.90 98 |1 4.0 194 ] 9.00 524
1.60 37 | 3.00 103 ‘ 4. 80 206 | 10.00 604
170 1 1 3.10 102 ! 500 219
1.80 45§ 3.20 13 | 520 233 (
1.90 49 ‘ 3.30 118 ‘ 5. 40 247

Nork.—The above iable is notl applicable for obstructed-channel conditions.
measurements made in 1906-1908 and is fairly well defined helow gage height 3.5
6.5 feet the rating curve is a tangent, the difference being 8 per tenth.

Itis based on discharge
feet. Above gage height

Monthly discharge of Willow Creek near dugusta, Mont., for 1907 and 1908.

Discharge in second-feet.
charg nd-feet Run-off
Month. | ' (total in

Maximum. Minimum.| Mean. |3crefeet).
1907.

January ... ... 8 6 7.0 430
February. 260 6 4.5 2,470
March. .. 39 17 25.3 1,560
April.. ...l 33 23 21.7 1,650
Y e 99 33 65. 1 4,000
June. . ...l 227 52 111 6,600
Tuly.. 134 37 719 4,420
August....ooooiiiii 37 17 24.2 1,490
September. .. .. ............. 19 13 16.0 952
October...................... 17 10 11.8 726
November. . 14 8 11.0 655
DeCember. . ... aaeaaes : 14 6 9.8 602
THE YOAT « - em oo 260 6 [ 35.4 ( 25, 600

Acecu-
racy.

S o R o

31260—I1RR 246—10——5 ,



66 SURFACE WATER SUPPLY, 1907-8.

Monthly discharge of Willow Creel: near Augusta, Mont., for 1907 and 1908—Cont’d.

ische in sel -feet.
Discharge in second-feet Run-off veeu.
Month. R -- | ——| (totalin | >~
. .- acre-feet ), | T8€Y-
Maximum. | Minimum. | Mean.
1908. '
B 50 40 1 8 [} 6.74 414 | D.
February .. . o 10 5 6. 45 371 ¢ D.
March ... 18 5 10. 1 621 ' D.
APTIl. 10 7 8,27 492 D.
May . . e 194 8 40.3 2,480 A
JUne. . e 564 83 240 14,300 * B.
L 83 p 21 45.9 2,820  A.
AUZUSL. Lo i 25 15 19.1 1,170 | AL
Seplember. .. . . i 15 9 11.1 660 | A
OCLODer . . oo [ 16 11 14.2 873
NOVEIDET . - ot c e e 20 13 15.0 893 | B
Pecember. ... ... et 15 & 1.3 ‘ 695 ‘ B
THE FAL . . oot 594 51 35.7 ] 25,800 i
|

FORD CREEK NEAR AUGUSTA, MONT.

This station, which is located at the ranch of Joseph Ford, 16
miles west of Augusta, was established April 11, 1906, to obtain run-
off data for use in connection with the Sun River irrigation project.

Ford Creek 1s a branch of Willow Creek and has no important trib-
utaries. One small irrigation ditch diverts water from the creek
above the gage.

The current is swift and the gage heights are but little affected by
ice. Conditions of flow are changeable, requiring frequent measure-
ments to properly define the rating curve. The gage datum has
remained unchanged.

Discharge measurements of Ford Creek near Augusta, Mont., tn 1907 and 1908.

i
|
§ . -5 Area of 1 Gage | Dis-
Date. 1Tydrographer. Width.| sostion. ! height. | charge.
1907. Fect. Sq. Jt. Feet. | Sec.-ft.
Follansbee and Stewart. ... ... .............oo... 15 11.1 1.35 29.1
.1 3. E. Stewart 20 22.2 1.82 87.0
d: 26 28.8 1.89 91.0
14 6.6 1.40 34.1
12 14.2 \ 1.02 18.2
12 8.3 1.11 23.9
24 23.9 1.68 68.0
23 36.0 1.90 102
13 136 1.30 47.1
12 8.4 .91 21.5
12 9.2 .97 24.2

Norr.—These measurements were made by wading at various sections.
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Daily gage height, in feet, of Ford Creek near Augusta, Mont., for 1907 and 1908.

[Joseph Ford. observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. June.| July. | Aug. | Sept. | Oct. | Nov. | Dec.
1,10} 110f 120 2.10| 2.20| 1.40| 1.10{ 1.05{ 0.95| 0.90

1.00} 1.10f 1.30 | 2.00| 2.18| 1.40} 1.10| 1.05 .95 90

1.00| 1.10{ 1.25| 2.02| 2.10) 1.40| 1.10}| 1.05 .95 90

1.00] 1.10| 1.20 | 2.00| 2.00| 1.40| 1.10{ 1.05 .90 90

1.00| 1.10} 1.25| 200| 2.00! 1.40 | 1.10 | 1.05 ] 90

1.00| 1.10} 1.30| 2.00| 1.90{ 1.40 | 1.10| 1.05 .90 90

1.00 [ 1.10; 1.40 |} 2.00| 1.80] 1.35| 1.10 | 1.05 .90 90

1,00 | 1.10| 1.60| 2.00{ 1.80 ] 1.35| 1.10| 1.05 .90 90

1.00( 1.15| 1.80| 2.00{ 1.85| 1.30| 1.10 | 1.05 .90 90

1.00| 1.20| 1.78| 2.00| 1.80| 1.30! 1.10| 1.05 .90 90

1,00 1.30 170 | 1.92| 1.72| 1.30{ 1.10| 1.05 .90 90

1,00t 1.35| 170 1.90| 1.70} 1.25| 1.10| 1.05 .90 90

1.10| 1.40} 1.7 1.88 ) 1.65| 1.20] 1.05| 1.05 .90 90

1.00f 1.40 1 1.7 1.80| 1.65 1.10 | 1.05( 1.05 .90 90

1.00] 1.40 L72| 1.80| 1.65] 1.10| 1.05] 1.05 .90 90

1.00| 1.40; 1.85| 1.80| 1.60| 1.10| 1.05] 1.05 .90 90

1.00{ 1.40 ) 1.85) 1.80( 1.60 | 1.10| 1.05{ 1.05 .90 90

110 1.35) 1.85| 1.8} 1.60| 1.10| 1.05| 1.05 .90 90

1200 1.35} 1.95| 1.80| 1.60{ 1.10| 1.05] 1.00 .90 90

1.20 1.30] 1.95] 1.95) 1.60| 1.10] 1.05] 1.00 .90 90

1,00 1.20| 1.30| 1.85( 2.00| 1.58| 1.10{ 1.05| 1.00 .90 90
1.00{ 1.20 1.30 1.85} 2.15( 1.52( 1.10 | 1.05{ 1.00 .90 90
1.00| 1.20) 1.30| 1.80] 3.50 | 1.50| 1.10| 1.05| 1.00 .90 90
1.00] 1.20) 1.20| 1.80} 3.25} 1.50 | 1.10| 1.05| 1.00 .90 90
1.00 | 1.20{ 1.20| 1.80| 2.90] 1.48 | 1.10{ 1.05| 1.00 .90 90
1.15] 1.20| 1.80| 2.60| 1.45| 1.10| 1.05| 1.00 .90 90

1,10 1.20 1.85} 2.48 | 1.45, 1.10 | 1.05| 1.00 .90 90

1.10 | 1.40} 1.85 | 2,32} 1.45| 1.10| 1.05| 1.00 .90 90

1.10] 1.20| 1.92| 2.25| 1.45| 1.10] 1.05| 1.00 .90 90

1.101 1.20| 2.05| 2.20| 1.40{ 1.10| 1.05 98 .90 90

1.00 |....... 2,10 ... 1.35 1 1.10]....... 95 ..., 90

.90 1 2.00 .70 0f 1.10] 3.90 | 1.50( 1.15 90 .90 90 90
.90 1 2.00 .70 i 1.10 | 3.60| 1.50 | 1.12 90 .90 90 90
90 2.00| 110 70 1.10| 3.35{ 1.40| 1.10 90 .90 90 90
.90 1 2.00 | 1.10 70| 1.10( 3.65{ 1.40| 1.05 90 .90 .90 90
.90 2.00| 1.10 70| 1.10| 4.40| 1.40 | 1.00 90 .90 90 90
90 .98 7 1.10! 3.80| 1.40) 1.00 90 90 .90 .90

90 .80 & | 1.10} 3.75| 1.40| 1.00 90 90 .90 | .88

90 .70 80| 1.10| 3.55| 1.35| 1.00 90 .90 .90 i .82

90 L7l 80| 1.10| 3.10| 1.30{ 1.00 90 .90 .90 .80

90 L7 8 | 1.15| 2.70| 1.30| 1.00 90 90 .90 .80

90 .70 90| 1.28| 2.45| 130 1.00 90 90 | 1.05 80

90 L 90 | 1.38f 2.381 1.30( 1.00 90 90| 1.10 80

90 .70 90| 1.40( 2,321 1.30| 1.00 90 90 .95 80

90 .80 90| 1.40| 2.25| 1.30] 1.00 90 90 .90 80

90 .70 90| 160} 2.20! 1.301{ 1.00 90 90 .90 80
.90 .70 .95 | 1.60 ) 2.18| 1.30| 1.00 90 .90 90 80
.85 .70 L00| 160} 2.10| 1.22| 1.00 90 .90 90 80
80 .70 | 1.00| 160 2.05| 1.20| 1.00 90 .90 90 80

80 .70 | 1.00| 1.60| 1.90| 1.20| 1.00 90 .90 90 80

80 L7000 112 1.60| 1.80| 1.20| 1.00 90 .90 90 80

80 .70 L10| 160! 1.80| 1.20! 1.00 90 .90 90 .80

80 70 110 1,60 1.80 | 1.2 1.00 90 .90 90 .80
.80 .70 ( 1,10 1.60 | 1.78 | 1.20 | 1.00 90 .90 90 .80
.80 .70 1,10 158 | 1.70 | 1.201 1.00 90 .90 90 .80
80 701 1.10| 1.55| L.70 | 1.20 ‘ 1.00 90 .90 90 .80

70| 110 110 170} 1.60| 1.20 .95 90 .90 90 .80

70 .70 1.05) 1.70f 1.60! 1.20 .95 90 .90 90 .80

70 700 L5 | 170 1.52¢ 1.20 .90 90 .90 90 .80

70 .70 | L0511 1.70| 1.50 p 1.20 .90 90 .90 90 .95
....... 701 110 175 150 1.15 .90 90 .90 90 | 1.60
....... 110 .......] 248 .......1 L15 90 looLp .90 |......| L.60

NorE.—Ice conditions January 1-February 4, 1907; April 28, 1907, slight ice gorge due to slush ice; Jan-
uary 30-February 5, March 3-7, 26, and 30, 1908; also November 11-13 and December 29-31, 1908.
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SURFACE WATER SUPPLY, 1907-8.

JANUARY 1 TO AUGUST 2, 1907,

Rating tables for Ford Creek near Augusta, Mont.

1
Gage Dis- Gage Dis- Gage Dis- || Gage f Dis-
height.| charge. || height. charge. || height.| charge. | height. charge.
i
I
Feet. Sec.-ft Feet. Sec.-t. Feet. Sec.-ft. || Feet. | Sec.-ft.
1. 00 10 1.70 67 2.40 185 3.20 355
1.10 14 1.80 81 2.50 205 3.40 405
1.20 19 1.90 96 2.60 225 3. 60 460
1.30 26 2.00 112 2.70 245 3.80 520
1.40 34 2.10 129 2.80 265 4.00 580
1.50 43 2.20 147 2.90 285 4.20 650
1. 60 54 2.30 166 3.00 305 4. 40 720

NoTe.—The above table is not applicable for ice orobstructed-channelconditions. It isbased on fourdis-

charge measurements made during 1907 and the form of the 1906 curve.
gage heights 1.3 feet and 2.0 feet.

SEPTEMBER 19 TO JUNE 18, 1908.

12
17
23

29 1.50
36 1.60
43 1.70

51
60
70

P
8EE

82
96
112

It is fairly well defined between

Norte.—Theabovetableisnot applicable for ice or obstructed-channel conditions. Itisbased on three dis-
charge measurements made during the above period and is fairly well defined between gage heights 0.9 foot

and 2.0 feet.

Above gage height 2.0 feet use the preceding curve.

JUNE 19 TO DECEMBER 31, 1908,

—eo2
S8

16
21
26

1.10
1.20
1.30

32 1.40
38 1.50
45 1.60

52
60
69

79
90
102

NotE.—The above table is not applicable for ice or obstructed-channel conditions. It isbased on four dis-
charge measurements made during the above period and is fairly well defined.

Monthly discharge of Ford Creek near Augusta, Mont., for 1907 and 1908.

[Drainage area, 18 square miles.]

Discharge in second-feet. Run-off.
Month. per | Depthin ‘;\;é’;l'
. . . incheson| Total in .
Maximum. | Minimum. { Mean. bgl\;ire drainage | acre-feet.
" area.
10.0 0.556 0.64 615 | D.
12,6 L700 73 700 | C.
13.1 .728 .84 806 | B.
22.3 1.24 1.38 1,330 | B.
71.4 3.97 4.58 4,390 | A.
142 7.89 8.80 8,450 | A.
67.6 3.76 4.34 4,160 | A.
24.0 1.33 1.53 1,480 | B.
20. 4 1.13 1.26 1,210 | B.
..... 18.6 1.03 1.19 1,140 | B.
November. . . 5 12.0 . 667 .74 714 | C.
December...... .. ... ........ 12 12 12.0 .667 W77 738 | D.
Theyear............... 430 |l 335.5 1.97 26. 80 25,700
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Monthly discharge of Ford Creek near Augusta, Mont., for 1907 and 1908—Continued.

Discharge in second-feet. Run-off.
Month Depthin Accu-
: Per inches on| Totalin | 13CY-
Maximum. | Minimum.| Mean. Sgﬁ?ém drainage | acre-feet.
. area. N
1908.
January.... ... 12 12 12.0 0.667 0.77 738 | D.
February....................... 12 5.3 6.59 - 366 .39 379 | D.
March.. ... .. .. ...l 8.5 [l 5.34 .297 .34 328 | D.
i 24 5.3 14.5 . 806 .90 863 | C.
201 23 51.8 2.88 3.32 3,190 | B.
720 60 227 12.6 14.06 13,500 | B.
60 35 43.7 2.43 2.80 2,690 | B.
35 21 26.0 1.44 1. 66 1,600 | B.
21 21 21.0 1.17 1.30 1,250 | B.
21 21 21.0 1.17 1.35 1,290 | B.
November. . 21 21 21.0 1.17 1.30 1,250 | C.
December. ..o ... 21 16 17.1 950 1.10 1,050 | D.
The year.................. 7200 |l 38.9 2.16 29.29 28.100

Nore.—Discharge estimated August 3 to September 18, 1907, and for ice periods.
SMITH CREEK NEAR AUGUSTA, MONT.

This station, which is located 1 mile above J. W. Nixon’s ranch, 16
miles southwest of Augusta, Mont., was established April 14, 1906,
to obtain run-off data for use in connection with the Sun River irri-
gation project.

The ordinary summer flow is practically all used for irrigation,
but no water is diverted above the gaging station.

Measurements can be made only by wading and conditions for ob-
taining accurate discharge data are good at low and medium stages;
no measurements can be made at flood stages. Gage heights are
not affected by ice. The gage datum has not been changed since
the station was established. The discharge curves plotted for this
station are shown in figure 1, page 23.

Discharge measurements of Smith Creek near Augusta, Mont., in 1907 and 1908.

. Area of | Gage Dis-~
Date Hydrographer. Width.| coction. | height. | charge.
1907. Feet. Sq. ft. Feet. | Sec.t
April17.. ... .. Folansbee and Stewart....... et 23 22.2 1.16 41.
May 24. J I E.Stewart. it 30 36.2 1.51 107
Junel2.........]. ... [ L T U 26 28.3 1.43 80.0
August 1. .. . [...._ Lo 2o T 26 23.1 1.22 35.2
September 18..| Follansbee and Stewart...............c..cooooienooon 18 17.3 1.06 17.5
1908.
Mayb. ... _..... Stewart and Richards......... . ... 18 17.8 1.09 19.8
May28......... Raymond Richards....... ... . ... 37 44.0 1.80 149
June18.........| J. K. Stewart. ... .. iieiiiiiiiiaiaa 25 3.6 1.14 97.8
July12......... Raymond Richards.... ... ... . ... ... ... 22 17.4 .80 38.9
August29......|..... [0 C T 23 2.6 .h2 18.4
October 16......]..... [ 1 N 28 23.6 .98 53.9

NotTE.—These measurements were made by wading at various sections.
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Daily gage height, in feet, of Smith Creek near Augusta, Mont., for 1907 and 1908.

[Mrs. J. W. Nixon, observer.]
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Rating tables for Smith Creek near Augusta, Mont.

APRIL 16,1906, TO JUNE 23, 1907.

; T
Gage Dis- ‘ Gage Dis- Gage Dis- Glage Dis-
height.’ charge. |height.| charge. | height.| charge. | height.| charge.
BN \ » o
Feet. [ Sceft. | Feet. | Sec.-ft. ( Feet. Sec.-ft. Fect. Sec.-ft.
0.80 6 1.60 123 | 2.40 354 3.20 631
.90 12 % 170 M8 | 2.50 387 3.30 [
1.00 20 1.80 175 2,60 421 5} 3.40 701
110 31 1.90 203 2.70 456 3.50 736
1.20 45 2.00 232 2.80 491 3. 60 771
1.30 61 2.10 261 ' 2.90 526 3.70 806
1.40 79 2.20 291 3.00 561
1.50 i 100 2.30 322 3.10 396
i

NoTE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on eleven
dlscc{harge measurements made during the above period, and is well defined between gage heights 0.9 foot
and 1.6 feet.

JUNE 24,1907, TO JUNE 5, 1908.

1.00 13 170 132 2.40 335 3.20 613
1.10 21 1.80 158 2.50 368 3.40 687
1.20 32 1.90 185 2.60 402 3.60 761
1.30 47 2.00 213 2.70 436 3.80 835
1.40 G4 2.10 242 2.80 470
1.50 | 84 2.20 272 2.90 505
1L¢o 107 2.30 303 3.00 540
! i 1

NoTeE.—The above table is not applicable for ice or obstructed-channel conditions. It is based on four
discharge measurements made during the above period and the form of the previous curve, snd is well
defined between gage heights 1.0 foot and 1.9 feet.

JUNE 6, 1908, TO OCTOBER 13, 1908.

! ]
0. 60 17 |l 120 107 ] 1.80 242 | 240 | 404
70 28 | 1.30 127 | 1.90 208 |, 2.50 432
80 10 1 1.40 148 | 2.00 205 || 2.60 460
290 54| 150 1701 210 322 || 2.70 438
1.00 0 | 160 103 | 2.20 340 || 2.80 517
1.10 8| 170 217 | 2.30 376

Nore.—The above table is not applicable for ice or obstructed-channel conditions. Tt is based on three
discharge measurements made during the above period, and is well defined below gage height 1.3 feet.

OCTOBER 14,1908, TO DECEMBER 31, 1908.

0.60 12 | 0.80 30 ‘i 0.90 2 Lo
.70 20 “ i “
| . - e —

Note.—The above fable is not applicable for ice or obstructed channel conditions. It is based on one
discharge measurement made during theabove period and the shape of the previous curve, and is not well
defined.

o
i1
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SURFACE WATER SUPPLY, 1907-8.

Monthly discharge of Smith Creek near Augusta, Mont., for 1907 and 1908.

[Drainage area, 26 square miles.]

Discharge in second-feet. Run-off.
! i X Aecu-
Month. ' Per Depthin _ ’ racy.
Maximum.' Minimum.| Mean. | square gl;‘a}};zgg ,‘;I;‘;Efl(g:
1 mile. aren. |
I
1907. l . |

January....ooooieaiiiaeaaol 16 12 13.3 0.312 0.59 818 | B.
February 25 12 15.7 .604 63 8721 B.
March ... . 31 12 18.9 LT27 .84 1,160 | B.
April ... ool 45 25 40.2 1.55 1.73 2,390 | A.
May. . o 175 | 31 93 3 3.59 414 5,740 | AL
June. ...l 806 | 61 171 6.58 7.34 10.200 | B.
July ...l 132 32 62.8 2.42 2.79 3,860 | B.
August, ..o .o 32 21 23.3 . 896 103 1,430 | C.
September............... 21 17 18.5 .712 vkt 1,100 | C.
Qctober. ... 13 13 13.0 500 .58 799 | D.
November 13 13 13.0 500 .56 774 | D.
Deceinber. . 13, 13 3.0 . 500 .58 799 | D.

Theyear......c.....c.... 806 12 41.3 1.59 21. 60 29, 900

1908.

January.........oooieiciiaean.n 13 13 13.0 . 500 .58 799 | D.
February................. 13 13 13.0 . 500 .54 748 | D.
Mareh........... ...l 17 13 13. 4 515 .59 824 | D.
April ..o ... 21 13 16.2 . 623 .70 964 | C.
ng. i 453 21 96.8 3.7 4.29 5,950 | .
June. ...l 780 70 230 8.85 9.87 13, 7 Al
July.. ..o 54 22 36.9 1.42 1. 64 2,270 | B.
August. ..o 34 17 19.1 .735 85 1,170 | C.
September..................... 28 14 17.5 .673 .75 1,040 | C.
October.........oo.coooeoi. 57 17 37.6 1.45 1.67 2,310 | B.
November..... .. ............. 25 20 22,3 . 858 . 96 1,330 | C.
December................o.o.. 20 12 15.0 377 67 922 | D.

Theyear................. 780 12 44.2 1.70 23.11 32,000

MARIAS RIVER DRAINAGE BASIN.
DESCRIPTION.

The headwaters of Marias River rise on the eastern slope of the
main divide of the Rocky Mountains at an elevation of over 8,000
feet and flow in an easterly direction through a region of elevated
plains and prairies. Marias River proper is formed by the union of
Cutbank and Two Medicine rivers, which meet at the eastern bound-
ary of the Blackfeet Indian Reservation. From this junetion to the
Missouri, which it enters 14 miles below Fort Benton, its length is
about 110 miles and its fall does not exceed 5 feet per mile. Its
principal tributaries are Willow and Cottonwood ereeks, which enter
from the north, and Teton River, which comes in from the south.

The general altitude of this country is from 3,000 to 4,000 feet, the
plains rising by gentle terraces toward the mountains to elevations
of about 5,000 feet. Grass is abundant and the region is devoted to
grazing. Considerable spruce and pine timber is found at the head-
waters in the mountains, but the remainder of the basin is bare except
for fringes and small groves along the streams.
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The mean annual rainfall varies from about 60 inches in the
mountains to 12 inches near the mouth of the river, the average for
the plains section being about 16 inches. The streams are icebound
from December until early in March, and this is the season of least
flow.

Irrigation has been practiced to a slight extent for a number of
years in the valleys of the tributaries, and three large irrigation proj-
ects are now under construction. One is being constructed by the
United States Reclamation Service, and the other two under the
Carev Act. Altogether about 450,000 acres will be reclaimed. The
basin affords a number of excellent reservoir sites, which will be util-
ized in storing the flood waters of the upper tributaries from which
the principal water supply for these projects will come.

The great fall and the abundant water supply of the upper tribu-
taries of Marias River also afford favorable conditions for water-power
development.

Run-off records in this basin extend back to 1902. The wettest
year since that time was 1903, and the driest was 1905.

The following gaging stations have been maintained in this river
basin:

Cutbank Creek at Cutbank, Mont., 1905-1908.
Marias River near Shelby, Mont., 1902-1907.

Two Medicine Creek near Midvale, Mont., 1902-3.
Two Medicine Creek at Family, Mont., 1907-8.
Badger (‘reek near Family, Mont., 1907-8.

Birch Creek near Dupuyer, Mont., 1907-8.

Dupuyer (reek at Dupuyer, Mont., 1908.

Teton River at ("houteau, Mont., 1905-6.

Teton River near Belleview, Mont., 1905-6 and 1908.

CUTBANK CREEK AT CUTBANK, MONT.

This station, which is located one-half mile southwest of Cutbank,
one-fourth mile below the Great Northern Railway bridge, and 12
miles above the mouth of Two Medicine, was established August 4,
1905, to obtain data for use In connection with irrigation projects
under consideration by the United States Reclamation Service.

The intake of the Great Northern Railway’s pumping station is
located a hundred yards above the gage. The average quantity
pumped is about 14,000 gallons an hour for eighteen hours a day—
equivalent to a continuous flow of 0.4 second-foot.

The datum of the gage has not been changed since the station was
established. The records during the winter months are somewhat
affected by ice. The results taken as a whole can be considered as
good.
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Discharge measurements of Cutbank Creek at Cutbank, Mont., in 1907 and 1908.
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e Maximum recorded gage height for June 5, 1908, was 10.0 feet.
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Daily gage height in feet, of Cutbank Creek at Cutbank, Mont., for 1907 and 1908—

Continued.

Day. l Jan. | Feb. | Mar. | Apr. | May. | June. ‘ July. | Aug. | Sept. | Oct. }Nov. Dec.

! S R o

i : |
i .25 3.8 | 47 | 35 | 30 | 28 | 30 | 30 | 3.5
.3 | 3.9 1 46 | 35 | 30 28 | 30 | 30 | 35
351 41 1 45 1 35 | 30| 28 | 30 30 | 35
40 40 ' 4330 35 | 31 | 28 | 30 | 30| 35
5 | 41 0 420 3.5 | 31 | 28 | 30 ' 31 | 35
4 | 42 ! 415 35 | 31 | 28 | 30 315 3.4
.4 | 405| 415| 3.5 | 31 | 29 | 3.0 | 32 | 3.4
4 | 39 | 41 | 35 | 30 | 30 | 30| 321 35
.5 | 38 | 40 | 35 | 30| 30 | 30 | 32 | 35
.6 | 3.8 | 40 ' 3.4 | 30 [ 30 | 31| 32 35
7 | 375 395 3.4 | 31 | 2.9 | 31 | 32 I&ﬁ
8 | 3.7 | 38 | 34 | 31 | 29 | 30 | 32 | 3.6
3.8 | 37 | 38 | 34| 31| 29 | 30 | 3.2 lae
8 | 37 | 3713431 29|30 32| 36
.8 | 3.75] 3.7 . 33 | 30 | 30 | 30 ' 31 | 36
.7 | 39,87 | 33 | 30| 30,30 | 31 | 35
.65 3.9 | 37 | 33 | 30 | 30 | 3.0 ' 31 | 3.6
6 | 39 37 | 32 | 30 | 305! 30 ;. 32 | 36
.6 &9‘&% 3.2 | 295 31 . 3.0 ' 325 3.7
55 38 | 36 | 32 | 290 &1J 3.0 | 32 | 3.7
3%[ _______ 3.2 29{ ,,,,,,, ) &o/ AAAAAAA 36
I

Nore.—Creek frozen entirely across January 1 to February 11, 1907. March 3-21, 1907, it was full of
anchor ice. Iceconditions December 8, 1907, to March 31, 1908, and December, 1908.

Rating tables for Cutbank Creek at Cutbank, Mont.

FOR 1907.
. !

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height.| charge. || height.| charge. ' height.| charge. || height.| charge.

Feet. | Sec.ft. Feet. | Sec~ft. '| Feet. | Secft. Feet. | Sec-ft.

3.00 60 4.00 750 5.00 1,780 6.00 3,020

3.10 84 4.10 845 5.10 1, 890 6.20 3,300

3.20 125 4.20 940 5.20 2,010 6.40 3,580

3.30 180 4.30 1,040 5.30 2,130 6.60 3, 860

3.40 248 4.40 1,140 5.40 2,250 6.80 4,140

3.50 322 4.50 1,240 || 5.50 2,370 7.00 4,420

3.60 400 4.60 1,345 '} 5.60 2,500 7.20 4,700

3.70 483 4.70 1,450 l 5.70 2,630

3.80 569 4.80 1, 560 5.80 2,760

3.90 658 | 4.90 1,670 || 5.90 2,890

NoTe.—The above table is not applicable for ice or obstructéd-channel conditions. It is based on nine
discharge measurements made during 1907 and is well defined between gage heights 3.0 feet and 4.5 feet.

APRIL 1 TO JUNE 4, 1908.
[Indirect method for shifting channels used.]

JUNE 5 TO DECEMBER 31, 1908.

]
2.80 45 ’ 3.70 589 5 4.60 1,460 6.00 3,110
2.90 65 3.80 676 | 4.70 1,570 6.20 3,370
3.00 94 3.90 765 'l 4.80 1,680 6.40 3,630
3.10 138 4.00 855 || 4.90 1,790 6. 60 3,890
3.20 197 4.10 945 | 5.00 1,900 6.80 4,150
3.30 264 4.20 1,040 | 5.20 2,140 I 7.00 4,410
3.40 340 4.30 1,140 4 5.40 2,380 1 8.00 5,810
3.50 420 4.40 1,240 1| 5.60 2,620 9.00 7,310
| 3.60 503 4.50 1,350 ‘| 5.80 2,860

Note.—The above table is not applicable for ice or obstructed-channel conditions. It is based on three
gisghasge measurements made during the above period and the form of the previous curve and is not well
ellned,
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SURFACE WATER SUPPLY, 1907-8.

Daily discharge, in second-feet, of Cutbank Creek ot Cutbank, Mont., for 1908.

Day. Apr. |May.| June. Day. Apr. | May. | June. Day. Apr. | May.| June
) S 105 | 255 (1,020 (11 .. ... ... 105 | 475
2l 151 255 [ 2,000 || 12.........._. 125 | 560
b 180 | 255 | 1,780 || 13............ 151} 740
I S 105 | 320 | 1,600 || 14............ 180 | 650
[ S 180 | 320 |....... | 1 T 250 | 740
Goo L 214 ) LT 180 | 815
T 290 7. . 180 | 680
[ 180 8o 180 | 545
[ DO, 125 190 250 | 460
100 ..o, 105 2000 330 | 460

NoTE.—These discharges were obtained by the indirect method for shifting channels.
Monthly discharge of Cutbank Creek at Cutbank, Mont., for 1907 and 1908.

[Drainage area, 971 square miles.]

Discharge in second-feet. Run-off.
Accu-
Month. Depth in
Maximum. | Minim Mean Per lincheson| Total in |-
aximuny. | Minimum. ean. sg]lﬁzre drainage | acre-feet.
€. area.
1907.
January.......o.....o.oioo. 0. 206 0.24 12,300 | D.
February. .710 .74 38,300 | D.
March.... . 268 .31 16,000 | D.
April... .422 .47 24,400 | A.
ay.. .578 .67 34,500 | A.
June........... 1.12 1.25 64,900 | A. -
July. . ... . 552 .64 | 33,000 | A.
August....... .170 .20 10,100 | A.
September-. ... .212 .24 12,200 | A.
October._.... 60 | .0 .092 11 5,470 | B.
November.. .. 125 44 . 58.6 . 060 .07 3,490 | D.
December. . .. e i 53.0 . 055 .06 3,260 | D.
Theyear................. 4,560 ... 360 .370 5.00 | 258,000
1908.
April....... .. 520 105 261 . 269 .30 | 15,500 | D.
May............ 815 255 490 . 505 .58 30,100 | D.
June_ ... ... 7,310 503 | 1,630 1.68 1.87 97,000 | C
July. ..o ooiil.. 503 197 381 . 392 .45 23,400 | B.
August.._ ..ol 168 65 106 .109 .13 6,520 | B.
September 138 15 73.4 .076 .08 4,370 | C.
October. ... ...l 138 94 103 . 106 W12 6,330 | B.
November 230 94 141 .145 .16 8,390 | B.
December. . ... .| 125 .129 .15 7,690 | D.
The period............. I I e ‘ .................... 199,000

MARIAS RIVER NEAR SHELRY, MONT.

This station, which is located at the highway bridge near James A.
Johnson’s rancl, 7 miles south of Shelby, Mont., was established
April 4, 1902, to obtain data for use in connection with irrigation
projects. It was discontinued January 12, 1908.

No important tributaries enter near the gaging station.
drainage area is 2,610 square miles.
the main stream above the station on account of its high banks and
the consequent difficulty of diversion.

The total
Very little water is taken from

Several small irrigation canals
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receive their supply from some of the upper tributaries, especially
Birch and Dupuyer creeks.

The conditions for obtaining accurate discharge data are good,
except during part of the winter months, when ice exists. The gage
datum has never been changed. The discharge curve is shown in
figure 2, page 24.

Discharge measurements of Marias River near Shelby, Mont., in 1907 .

Area of | Gage Dis-

Date. Hydrographer. WIdth.| gootion. | height. | charge.

Feet. Sq. ft. Feet. | Sec.-ft.

Robert Follansbee.......... ... 200 809 5.26 4,520
....................................... 200 861 5.23 4,230

Follansbee and Pilerson............... .. ..., 246 1,250 6.91 7,810
....................................... 190 721 4.74 2,910

QO e oo 170 574 4.00 1,610
Follansbee and Pierson.... . _...... .. ... ... 150 405 3.18 664
2.79 474

....................................... 140 ' 350

Daily gage height, in feet, of Marias River near Shelby, Mont., for 1907 and 1908.

[James A. Johnson, observer.]

1907. 1908.
Day. - -

May. | June. | July. | Aug. | Sept. | Oct. | Nov Dec Jan.

5.05| 6.4 3.8 3.7 3.2 2.8 2.7 2.5

5.7 5.85 3.8 3.6 3.2 2.8 2.7 2.5

6.3 5.65 3.8 3.5 3.1 2.9 2.7 2.5

6.1 6.2 3.7 3.5 3.1 2.9 2.7 2.1

5.8 5.85 3.7 3.5 3.1 2.9 2.6 2.4

5.5 5.4 3.6 3.6 3.0 2.9 2.6 2.4

6.05| 5.1 3.6 3.5 2.9 2.9 2.6 2.4

6.3 5.6 3.6 3.5 2.9 2.9 2.6 2.4

6.65 4.9 3.5 3.4 2.9 2.9 2.6 2.4

5.8 4851 3.6 3.3 2.9 2.9 2.7 2.4

5.35 | 4.8 3.7 3.3 2.9 2.9 2.7 2.4
5.15 | 4.75 3.7 3.3 3.0 2.81 2.6
5.3 47 3.6 3.2 3.0 2.8 2.6 .
5.45 | 4.6 3.5 3.3 3.0 2.8 2.6
5.35 | 455 3.5| 3.3 2.9 2.8 2.6
5.5 1.4 3.4 3.3 2.9 2.8 2.6
5.1 4.3 3.5 3.3 2.8 2.8 2.6
4.8 44 3.1 3.4 2.8 2.8 2.6
46, 44 33 350 28 2.8 2.5,
.3 165, 43 ' 3.3 3.4 2.8 2.7 2.5
5.4 49 | 43 . 3.2 3.4 2.8 2.7 2.5
53 60 | 451 32! 33 2.8 2.7 2.5 |-
5.05 | 12.1 4.4 3.1 3.3 281 27 2.5 |.
5.05 | 14.9 4.3 3.2 3.3 2.8 2.7 2.5 1.
4.6 | 10.1 £2 | 33 3.3 2.8 2.7 2.5
435 7.15| 42 | 3.3 3.3 2.8 2.7 2.6
4.3 6.9 4.0 3.4 3.2 2.8 2.7 2.6
4.35| 7.4 3.95 3.4 3.2 2.8 2.8 2.6
4.45| 7.0 3.95 3.4 3.2 2.8 2.8 2.5 1.
4.55 | 6.6 3.9 3.5 3.3 2.8 2.8 2.5
515 [.onn... 3.8 3.6 e 2.8 ... 2.5

J
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Notr.—The above table is not applicable for ice or obstructed-channel conditions.

SURFACE WATER SUPPLY, 1907-8.

Rating tables for Marias River near Shelby, Mont.

JUNE 27, 1907, TO JANUARY 11, 1908.

1 I i ;

Gage ' Dis- Gage | Dis- || Gage | Dis- Gage | Dis-
height. | charge. | height.: charge. ! height.| charge. | height.| charge.
I _

) |
Feet. | Sec.-ft. Feet. See.ft. Feet. Sec.-ft Feet. Sec.-ft.
2.40 | 250 3.50 1.020 4.60 2, 650 5.70 4,920
2.50 290 3.60 1.130 4.70 2,840 5.80 5,140
2.60 i 335 3.70 1.250 4.80 3,030 5.90 5,370
2.70 385 3.80 1.370 4.90 3,230 6.00 5,600
2.80 440 3.90 1,500 5.00 3,430 6.20 6, 060
2.90 500 4.00 1,640 5.10 3,630 6.40 6, 520
3.00 570 4.10 1.790 5.20 3,840 6.60 7,000
3.10 640 4.20 1,950 5.30 4,050 £.80 7,480
3.20 720 4.30 2,120 5.40 4,260 7.00 7,970
3.30 810 4.40 2.290 5.50 4,480
3.40 910 4.50 2,470 5. 60 4,700

It is based on five

discharge measurements made during 1907, and is well defined between gage heights 2.7 feet and 8.0 feet.

MAY 20, 1907, TO JUNE 26, 1907.

[Indirect method for shifting channels used. ]

Daily discharge, in second-feet, of Marias River near Shelby, Mont., for 1907.

Day.

May.

June,

ll

Day.

May. !

2,900

4,840

Nore.—These discharges were obtained by the indirect method for shifting channels.

Monthly discharge of Marias River near Shelby, Mont., for 1907 and 1908.

[Drainage area. 2.b10 square 1niles.]

Discharge in second-feet. Run-off.
Month. Per Depth in 1?:3;1.
. . inches on | Total in .
Maximuin. | Minimum. | Mean. sgllﬁaere drainage | acre-feet.
. area.
2,520 3, 560 1.36 0.61 84,700 | A.
2,800 7,160 2.74 3.06 | 426,000 | A.
1,370 2, 1.14 1,31} 184,000 | A.
640 1,020 .391 .45 62,700 | A.
720 889 .341 .38 52,900 | A.
440 508 .195 .22 31,200 | B.
385 443 170 .19 26,400 | C.
290 330 . 126 .15 20,300 | D.
.......................................... 888, 000
January 1-11... ... ... 290 250 261 -100 .04 5,690

NorE.—There were slight ice conditions in December, 1907.
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TWO MEDICINE RIVER AT FAMILY, MONT.

This station, which is located at the Holy Family Mission, 16 miles
southeast of Browning, Mont., and about 6 miles above the mouth of
Badger Creek, the nearest tributary, was established April, 1907, to
determine the amount of water available for irrigation.

The United States Reclamation Service has under consideration a
project which will use about 200 second-feet of water for irrigating
land north of the stream for the Blackfeet Indians. The water will
be diverted near the mouth of Little Badger Creek, a small tributary
entering from the south above the station. A storage reservoir will
be built at Two Medicine Lake near the headwaters of the stream to
augment the low-water flow. The only diversion from this stream
at present is that made by a ditch which supplies water for about
100 acres of land on the farm at the Holy Family Mission. It heads
about 2 miles above the gage.

The datum of the gage was lowered 0.95 foot July 21, 1908. The
results are good at this station except during the winter months,
when they are aflected by ice.

Discharge measurements of Two Medicine River at Family, Mont., in 1907 and 1908.

: T |
. ~s Areaof | Gage : Dis-
Date. Hydrographer. ‘Width. section. | height.  charge.
Feet. Sq. 1. Feet. | Sec.ft
... Robert Follansbee...... . ... ... ... ... . .. 84 222 3.05 488
T B Stewart. i 75 423 4.85 2,090
I B Plerson. ... 85 460 4.65 2,110
. R P Ao i 88 311 3.45 1,070
August 120 .. ... Ao e 43 135 2.29 265
Seplember 2.._.|._... L3 Lo R [ 43 132 2.32 263
1908.
April13... ... AF . Hueh oo 86 307 3.20 770
May 18... ... ]..... L& 1o 89 366 3.81 1,320
July2te . . . I Stewartand Huch.... ... .o .ol 100 138 2.68 375
August 18e ...l .. o 64 56.3 2.00 103
October 1o ... A. F.Hueh.....o ..o o o 65 54.0 1.99 100

a Made by wading.

Daily gage height, in feet, of Two Medicine River at Family, Mont., for 1907 and 1908.
[William Ripperger and Mike Kittson, observers.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
510 ... .. 2.60 | 2.35| 2.20| 1.60| 1.60
560 4.35] 260} 230 2.15| L60| 1.60
530 | 425 2.60| 230 2.10| 1.60| 155
490 | 440 2.60| 2.28| 2.05! L60| L35
4.80 | 430 2.55| 2.25| 2.05| 1.60| 1.50
4.90 | 3.95| 2.50| 2.28| 2.00| 1.60}| 1.50
4951 3.80 | 2.451 2.30! 1.95| 1.60 | 1.45
560 3.55! 2.40| 2.30| 1.95| 1.60| 1.40
5.30 | 3.55 2.35| 2.30| 190 1.60 | 1.40
5.00 | 3.55 | 2.35 | 2.30( 190 1.60 | 1.40
470 | 3.50 | 2.35| 2.35| 1.90| 1.60 | 1.5
4.60 | 3.50 | 2.30 | 2.40| 1.8 | 1.60 | 1.35
465 3.50 | 2.25| 2.40 | 1.85 | 1.60( 1.55
4.55 | 3.40| 2.20{ 2.35| 1.851{ 1.60( 1.55
440 3.301 220! 2350 1.8 | 160 1.55
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Daily gage height, in feet, of Two Medicine River at Family, Mont., for 1907 and 1908
Continued.
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Rating tables for Two Medicine River at Famzily, Mont.
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NoTE.—The above table is not applicable for ice or obstructed-channel conditions.
discharge measurements made during the above period and the form of the subsequent curve.

f1irly well defined.
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Rating tables for Two Medicine River at Family, Mont.—Continued.

JUNE 3, 1907, TO JUNE 4, 1908.

Gage | Dis Gage Dis- | Gage Dis- Gage Dis-

height. charge. |height.| charge. ' height. charge. || height.| charge.
Fleet. Sec.-ft. Feet. | Sec.-ft. Feet. | Sec.ft. Feet. | Sec.-ft.
1.30 17 2.50 370 3.70 1,230 5.80 3, 500
1.40 25 2.60 425 3.80 1,320 6.00 3,760
1.50 35 2.70 485 3.90 1,410 6.20 4,030
1.60 50 2.80 545 4.00 1, 500 6. 40 4,310
1.70 70 2.90 610 4.20 1,690 6.60 4, 590
1.80 95 3.00 680 4. 40 1,890 6. 80 4,870
1.90 120 3.10 750 4. 60 2,090 7.00 5,150
2.00 150 3.20 825 4. 80 2,310 8.00 6, 800
2.10 185 3.30 900 5.00 2,530 8.40 7,550
2.20 225 3.40 980 5.20 2,760
2.30 270 3.5 1,060 5.40 3,000
2.40 320 3.60 1,140 5.60 3,240

NoTE.—The above table is not applicable for ice or obstructed-channel conditions. It isbased on four
discharge measurements made during the abova period, and is well defined between gage heights 2.0 feet
and 5.0 feet.

JUNE 17 TO OCTOBER 17, 1908.

\
1.80 58 || 2.50 283 | 3.20 695 | 3.90 | 1,280
1.90 79 || 2.60 331 | 3.30 770 | 4.00 | 1,380
2.00 103 || 2.70 383 |} 3.40 850 (| 4.10 | 1,480
2.10 131 | 2.80 438 | 3.50 930 | 4.20 | 1,580
2.20 163 || 2.90 497 ’ 3.60 | 1,015 || 430 | 1680
2.30 199 | 3.00 50 || 3.70 | 1,100 || 440 | 1,790
2.40 239 || 3.10 625 / 3.80 1,190 |

I

NoTe—The above table is not applicable for ice or obstructed-channel conditions. It is based on three
discharge measurements made during the above period and the form of the previous curve, and is fairly well
defined below gage height 3.0 feet.

Monthly discharge of Two Medicine River near Family, Mont., for 1907 and 1908.

[Drainage area, 368 square miles.]

l Discharge in second-feet. Run-off.
Month. per | Depthin ' r:l(éc)}’
Maximum. | Minimum. | Mean.. | square I(ilfalilflsaglel g;;‘f:fleég
mile. p
area.
1907.
April 26-30. ... 505 420 478 1.30 0.24 4,740 | A.
ay.. 2,930 75 | 1,500 4.08 4.70 | 92,200 | A.
June. 7,550 1,640 | 2,650 7.20 8.03 | 158,000 | A
July 2,130 4556 982 2.67 3.08 60,400 | A
August. ... 425 1206 259 704 81 15,900 | A
September. . 320 248 282 764 85 16,800 | A
October. . .. 225 60 110 .299 L34 6,760 | C
November. . i 60 50 53.0 .144 .16 3,150 | D
December. ...l 50 25 40.0 .109 .13 2,460 | D
The period. ... oooeioii e e e e 360,000 |
1908.
January . . 8 054 .06 1,220 | D.
February. 0 046 .05 978 | D.
March. 2 177 .20 4,010 | D.
April .. 1.91 2.13 41,900 | B.
3.86 4.45 87,300 { A.
2 4.89 3.64 71,400 | B.
July. . .. ... 1.22 1.41 27,600 | B
August.. .- 10,500 | C.
September.. . . E 6,010 | C.
October 1-17...... e L3 . 3,780 | C.
The period 255,000

NotTE.—Discharge January 27-February 8, 1908, estimated.

31260—IRR 246—10——6
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BADGER CREEK NEAR FAMILY, MONT.

This station, which is Jocated near the road crossing 4 miles east
of Family, Mont., was established April 20, 1907, to determine the
amount of water available for irrigation. The United States Recla-
mation Service proposes to divert the natural flow of the stream to
irrigate land in the eastern part of the Blackfeet Indian Reservaticn
and north of Birch Creek.

The gage and bench marks were washed out in June, 1908, and a
new gage was established July 22, 1908, about 400 feet farther up
stream and at a different datum. As the bench mark was destroyed
the relation between the two gages could not be determined.

On account of poor channel conditions and absence of high-water
measurements, high-water records are only fair. The low records,
however, are good.

Discharge measurements of Badger Creck near Family, Mont., in 1907 and 1908.

. = Area of | Gage Dis-

Date. Mydrographer. Width. section. |height. | charge.

1907. + Feet. Sq. ft. l Feet. ' Secft.
April 26e .. ... Robert Follanshee. .. ..o i ! 53 g0 | 1.35 239
July 23......... . 90 230 | L.38 420
August 13 do.... . 90 203 .08 288
September 4....1..... 1 L e 90 194 .83 244

1908.
April16........| A. F. Huch 90 184 .80 212
May 20........f. ... d 86 223 1.70 490
July 22e __.___. - 45 2.5 2.43 238
August 19 R 33 41.6 2.10 153
Octoberle ... 27 39.6 2.01 128

@ Made by wading.
NoTE.— There was a marked change in the channel caused by high water in 1907,

Daily gage height, in feet, of Badger Creek near Family, Mont., for 1907 and 1908.
[J. T. Hockersmith, observer.]

[ ]
Day. Apr. May. June. | July. 1‘ Aug. | Sept. Oct. Nov. Dee.

1.30 3.25 2.50 0.90 0.78
1.35 3. 60 2.40 .88 .78
1.30 3.30 2. 40 .85 78
1.35 2.95 2.30 85 78
1.30 2.95 2.20 |. .85 78
1.35 3.15 2.10 1. 85 .78
1.40 3.25 2.00 . 85 .78
1.50 3.40 1.90 . .85 .75
1.80 3.15 1.90 .85 .75
2.10 3,00 1.90 .85 .72
2.50 2.90 1. .88 .72
2.30 2.80 1. .88 .72
2.10 2.90 L .88 72
2.00 2.75 Lo .90 W72
2.45 2.70 1.6 .88 .72
2.85 2.55 1.6 .88 70
3.10 2. 50 L -88 .70
2.85 2. 60 1. .85 70
2.60 2.80 1.50 .85 70
2.85 2.90 1.45 82 70




MARIAS RIVER DRAINAGE BASIN. 83

Daily gage height, in feet, of Badger Creek near Family, Mont., for 1907 and 1908—
Continued.

Day. Apr. | May | June. | July. | Aug. | Sept. | Oct. Nov. | Dec.

. . 2.05 2,02 |........
.50 1. 2.08 2,02 |........
.48 1. 2.10 2.02 2. 60
.48 1 2.08 2.00 2.80
.48 1. 2.08 2.00 3.00
.48 1. 2.08 2.00 3.25
.48 1. 2.056 2.00 3.50
.48 2. A 2.05 2.00 3.75
.45 2. 2. 2.05 2.00 3. 40
45 1 L 2.08 2.00 3.40

.48 L82 | 1.95 2.08 2.00 3. 40
.60 L88 [ 1.95 2.10 2.00 3. 40
.70 T O P I L9 2.20 2.00 3.40
.88 LB 1.9 2.30 2.00 ...,
.85 L95 | 1.95 2.25 2,00 {........

1. 2.20 2.00

L 2.18 2.00

1. 2.15 2.00 |.

1 2.12 2.00

1. 2.12 2.00

1. 2.10 2.00

1. .10 2.00 |.

1. 210 108 |

1. 2.08 1.98

2. 2.08 1.98

2. 2.08 1.98

2. 2.08 2.00

2. 2.05 2.00

2. 2.05 2.00

2. 2.05 ...t

3. 2.05 [ ........ e

NotE.—Gage washed out June 5, 1908; replaced July 22, 1908. New gage heights are not comparable
with the old ones.
Ice conditions during December, 1907 and 1908.

Rating tables for Badger (reek near Family, Mont.

APRIL 26 TO JUNE 23, 1907.

|
Gage Dis- Gage Dis- Gage : Dis- Gage Dis-
height.| charge. | height.| charge. helght." charge. || height.| charge.

Feet Sec.-ft. Feet. Sec.t. Feet. Sec.-ft. Feet. Sec.-ft.
400 2.50

1.10 170 1.80 730 3.20 1,133
1.20 195 1.90 440 2.60 783 3.30 1,195
1.30 225 2.00 480 2.70 838 3.40 1,257
1.40 25 2.10 525 2.80 894 3. 50 1,320
1.50 290 2.20 575 2.90 951 3.60 1,383
1.60 325 2.30 625 3.00 1.010

1.70 360 | 2,40 677 3.10 1,071

s

Nore.—Theabove table is not applicable for ice or obstructed-channel conditions. It is based on one dis-
charge measurement made during this period and the form of subsequent curves and is only approximate.
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Rating tables for Badger Creel: near Family, Mont.—Continued.
JUNE 24 TO NOVEMBER 24, 1907.

Gage Dis- Gage Dis- Gage Dis- Gage Dis-
height.| charge. | height.| charge. | height.| charge. || height.| charge.
Feet. | Sec-ft. E Feet. | See-ft. Fect. | Sec.-ft. Feet. | Sec.ft.
0.60 190 || 1.50 464 2.40 876 3.30 1,410
.70 212 | 1.60 502 2.50 930 3.40 1,475
.80 236 1.70 542 2.60 985 3.50 1,540
.90 264 1.80 584 2.70 1,040 3.60 1,605
1.00 204 1.90 628 2. 80 1,100 3.70 1,670
1.10 326 2.00 674 2.90 1,160 3.80 1,740
1.20 358 2.10 722 3.00 1,220
1.30 392 2.20 772 3.10 1,280
1.40 428 ‘ 2.30 824 3.20 1,345

NOTE..—-The above table is not applicable forice or obstructed-channel conditions. Itisbased on three dis- .
charge measurements made during 1907 and is fairly well defined below gage height 1.5 feet. Above gage
height 1.5 feet the extension is uncertain.

APRIL 1 TO JUNE 4, 1908.

0.40 133 ‘ 1.50 410 i 2.60 935 3.40 2,080
.50 151 ‘ 1.60 450 | 2.70 990 3.60 2,220
60 170 | 1.70 490 || 2.80 1,045 4.80 2,360
70 190 1.80 535 | 2.90 1,105 5.00 2, 500
80 212 1.90 580 | 3.00 1,165 5.20 2,660
90 235 2.00 625 3.20 1,285 5.40 2,820
1.00 259 2.10 675 3.40 1,410 5.60 2,980
1.10 285 2.20 725 3.60 1,540 5.80 3,140
1.20 313 || 2.30 it 3.80 1,670 6.00 3,300
1.30 343 2.40 825 4.00 1,800
1.40 375 || 2.50 880 'l 4.20 1,940
! |

NoTE.—Theabove tableis not applicable for ice or obstructed-channel conditions. It is based on two dis-
charge measurements made during the above period and the general form of the 1907 curve. It is fairly
well defined below gage height 2.0 feet. Above 2.0 feet the rating is uncertain.

JULY 21 TO DECEMBER 31, 1908.

1.90 105 ‘ 2. 50 | 261

2.00 127

2.30
2.40

204

2.20 177 232

2.10 151

NoTeE.—The above table is not applicable for ice or obstructed-channel conditions. Itishasedonthree
discharge measurements made during 1908 and is well defined. This table refers to the new gage estab-
lished July 22, 1908.

Monthly discharge of Badger Creek near Family, Mont., for 1907 and 1908.

[Drainage area, 224 square miles.]

Discharge in second-feet. Run-off.
: Accu-
Month. Depth in
Per h racy.
N s incheson| Total in
Maximum. | Minimum. | Mean. sgglaere drainage | acre-feet.
area.

0.18 2,150 | C.
3.07 36,600 | C.
5.68 67,800 | C.
2.79 33,400 | A,
1.46 17,500 | A.
1.23 14,700 | B.
1.12 13,400 | C.
.81 9,620 | C.

.......... 195,000
1.25 14,900 | B.
y o 3 2.81 33,600 | B.
September. 261 . .68 8,090 | B.
October. .. : . .78 9.350 | 1.
November...................... 132 123 127 567 .63 7,560 | C.

NOTE.—Discharge June 23, 1907, estimated at 2,800 second-feet. Discharge estimated September 1, 4-7,
17-24, and November 30, 1908,
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BIRCH CREEK NEAR DUPUYER, MONT.

This station, which is located at Shields ranch, 12 miles northwest
of Dupuyer, Mont., and about 25 miles from its junction with Two
Medicine River, was established July 25, 1907, to determine the
amount of water available for irrigation projects on the Blackfeet
Indian Reservation.

No storage is used on this stream, but a number of ditches divert
water for irrigation. The largest of these, owned by the Conrad
Investment Company, diverts water about one-half mile below the
station.

The gage datum remained the same from the time the station was
established until the high water of June, 1908, when the gage was
washed away and the channel changed. A temporary staff gage
was put in July 23, 1908, about 200 feet below the original gage.
This gage was used until October 1, 1908, when a permanent chain
gage was established one-fourth mile above.

Discharge measurements of Birch Creek near Dupuyer, Mont., in 1907 and 1908.

- Area of | Gage Dis-

Date. Hydrographer