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SURFACE WATER SUPPLY OF MISSOURI RIVER
~ BASIN, 1916.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 14 reports presenting results of
measurements of flow made on streams in the United States during
the year ending September 30, 1916.

The data presented in these reports were collected by the United
States Geological Survey under the following authority contained in
the organic law (20 Stat. L., p. 394):

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.

The work was begun in 1888 in connection with special studies
relating to irrigation in the arid West. Since the fiscal year ending
June 30, 1895, successive sundry bills passed by Congress have carried
the following item and appropriations:

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 prepa.r—
tion of reports upon the best methods of utilizing the water resources.

Annual appropriation for the fiscal years ending June 30, 1895-1917.

1 N $12, 500
R 20, 000
1897 to 1900, inclusive. ... .. ooiin i 50,000
1901 t0 1902, inclusive. ... .. ... ... 100, 000
1903 to 1906, inclusive..... ... .. ... ... .. il 200, 000
O 150, 000
1908 to 1910, inclusive........... e e e 100, 000
1911 t0 1917, inclusive. oo oo e 150, 000

In the execution of the work many private and State organizations
have cooperated either by furnishing data or by assisting in collecting
data. Acknowledgments for cooperation of the first kind are made
in connection with the description of each station affected; coopera-
tion of the second kind is acknowledged on page 14.

Measurements of stream flow have been made at about 4,100 points
in the United States and also at many points in Alaska and the Ha-
waiian Islands. In July, 1916, 1,290 gaging stations were being main-
tained by the Survey and the cooperating organizations. Many mis-
cellaneous discharge measurements are made at other points. In con-

7



8 SURFACE WATER SUPPLY, 1016, PART VI.

nection with this work data were also collected in regard to precipita-
tion, evaporation, storage reservoirs, river profiles, and water power in
many sections of the country and will be made available in water-
supply papers from time to time. Information in regard to publica-
tions relating to water resources is presented in the appendlx to this
report.

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 that represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in depth of inches, acre-feet, and millions of cubic
feet. The principal terms used in this series of reports are second-
feet, second-feet per square mile, run-off in inches, and acre-feet.
They may be defined as follows:

““Second-feet”’ is an abbreviation for “cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross section 1 foot wide and 1 foot deep at an average

~velocity of 1 foot per second. It is generally used as a fundamenta]
unit from which others are computed by the use of the factors given
in the tables of convenient equiva.lents (p. 9).

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

An “acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage for irrigation. )

The following terms not in common use are here defined:

““Stage-discharge relation,” an abbreviation for the term ‘‘relation
of gage height to discharge.”

““Control,” a term used to-.designate the section or sections of the
stream below the gage which determine the stage-discharge relation
at the gage. It should be noted that the control may not be the
same section or sections at all stages.

The ““point of zero flow”” for a given gaging station is that pomt
on the gage—the gage height—to which the surface of the river
would fall if there were no flow.
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CONVENIENT EQUIVALENTS.

The following is a list of convenient equivalents for use in hydraulic
computations:

Table for converting discharge in second-feet per square mile into run-off in depth in inches
over the area.

Discharge Run-off (depth in inches).
(second-feet
per square
mile). 1day. | 28 days. | 29 days. | 30 days. | 31 days.
1. 1.041 1.079 1.116 1.153
2 2.083 2.157 2.231 2.306
3. 3.124 3.236 3.347 3.459
4 4.165 4.314 4. 463 4,612
5. 5. 207 5.393 5.578 5.764
6... 6. 248 6.471 6. 694 6.917
7... 7.289 7.550 7.810 . 070
8... 8.331 8.628 8.926 9.223
|t R 9.372 9. 707 10.041 10.376

Note.—For part of a month multiply the run-off for 1 déy by the number of days.

Table for converting discharge in second-feet into run-off in acre-feet.

Run-off (acre-feet).
Discharge
(second-feet),
1day. | 28 days. | 29 days. | 30 days. | 31 days.
55. 54 57.52 59. 50 61.49
1111 115.0 119.0 123.0
166.6 172.6 178.5 184.5
222.1 230.1 238.0 246.0
277.7 287.6 297.5 307.4
333.2 345.1 357.0 368.9
388.8 402.6 416.5 430. 4
444.3 460. 2 476.0 491.9
490.8 517.7 535.5 553. 4 .

Note.—For part of a month multiply the run-off for 1 day by the number of days.

Table for converting discharge in second-feet into run-off in millions of cubic feet.'

Run-off (depth in inches).
Discharge
(second-feet).
1day. | 28 days. | 20 days. | 30 days. | 31 days.
1... 2.419 2.506 2.592 2.678
C 2. 4. 838 5.012 5.184 5.356
3. 7.257 7.518 7.776 8,034
4. 9.676 10.02 10.37 10.71
5. 12.10 12.53 12.96 13.39
6. 14.51 15.04 15.55 16.07
7. 16.93 17.54 18.14 18.75
8. 19.35 20.05 20.74 21.42
9. 21.77 22.55 23.33 24.10

No'm'.—Fot*pa.rt of a month multiply the run-off for 1 day by the number of days.
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Table for converting discharge in second-feet into run-off in millions of gallons.

Run-off (depth in inches).
Discharge

(second-feet), )

1day. | 28 days. | 29 days. | 30 days. | 31 days.
|

0. 6463 18.10 18.74 19.39 20,04
1.293 36. 20 37.48 38.78 40.08
1.939 54.30 56. 22 58,17 60.12
2.585 72.40 74.96 77.56 80.16
3.232 90. 50 93.70 96. 95 100. 2
3.878 108.6 112.4 116.3 120.2
4. 524 126.7 131.2 135.7 140.3
5.171 144.8 149.9 156.1 160.3
5. 817 162.9 168.7 -174.5 180. 4

Note.~For part of & month multiply the run-off for 1 day by the number of days.

Table for converting velocity in feet per second into velocity in miles per hour.

{1 foot per second=0.681818 miles per hour, or two-thirds mile per hour, very nearly; 1 mile per hour=1.4666
feet per second. In computing the table the figures 0.68182 and 1.4667 were used.]

Miles per hour for tenths of foot per second.

Feet per sec-
ond (units).

0 1 2 3 4 5 6 7 8 9
[ 0.000 | 0.068 | 0.136 | 0.205 | 0.273 | 0.341 | 0.499 | 0.477 | 0.545 | 0.614
oo 682 750 .818 886 .995 | 1.02 1.09 1.16 1.23 | 130
2 1.36 1.43 1.50 1.57 1.64 1.70 1.77 1.8 1.91 |1.98
[ F 2.05 2.11 2.18 2.25 2.32 2.39 2.45 2.52 2.59 | 2.66
4ot 2.73 2.80 | 2.8 | 2.93 | 3. 3.07 | 3.14 3.20 | 3.27 {3.34
[ 3.41 3.48 3.55 3.61 3.68 3.75 3.82 3.89 3.95 |4.02
6.l 4.09 4.16 4.23 4.30 4.36 4.43 4.50 4.57 4.64 14.70
. 4.77 4.8 4.91 4.98 5.05 5.11 5.18 5.25 532 |5.39
- S 5.45 5.52 5.59 5. 66 5.73 5.80 5,86 5.93 6.00 |6.07
L 6. 14 6. 20 6.27 6.3¢ |-6.41 6.48 6.55 6. 61 6.68 |6.75

Table for converting discharge in second-feet into theoretical horsepower per foot of fall.
[1second-foot=0.1136 theoretical horsepower per foot of fall. Weight of 1 cubic foot of water=62.5 pounds.}

Units.
Tens.
0 1 2 3 4 5 6 7 8 9
0 0.00 ( 0.114 | 0.227 | 0.341 ‘ 0.454 | 0.568 | 0.682 | 0.795] 0.909 | 1.02
1 1.14 | 1.25 1.36 1.48 1.59 1.70 1.82 1.93 2.04 2.16
2 2.27{ 2.39 2.50 2.61 2.73 2.84 2.95 3.07 3.18 3.29
3 3.41 | 3.52 3.64 3.75 3.86 3.98 4.09 4.20 4.32 4.43
4 4.54 | 4.66 4.77 4.88 5. 00 5.11 5.23 5.34 5. 45 5. 57
5 5.68| 5.79 5.91 6. 02 6.13 6.25 6,36 6.48 6. 59 6,70
6 6.82 ] 6.93 7.04 7.16 7.27 7.38 7.50 7.61 7,72 7.84
7 7.95| 807 818 8.29 8.41 8.52 8.63 8.75 8.86 8.97
8 9.09 | 9.20 | 9.32 9.43 9.54 9. 66 9.77 9.88 | 10.0 10.1
9 10.2 10.3 | 10.5 10.6 10.7 10.8 10.9 11.0 11.1 11.2

1 second-foot equals 40 California miner’s inches (law of Mar. 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 646,317 gallons for one day. )

1 second-foot for one year (365 days) covers 1 square mile 1.131 feet, or 13.572 inches
deep.

1 second-foot for one year (365 days) equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.
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1second-foot for one year (365 days) equals 724 acre-feet.

1 second-foot for one day equals 86,400 cubic feet.

1,000,000,000 (1 United States billion) cubic feet equals 11,570 second-feet for
one day.

1,000,000,000 cubic feet equals 414 second-feet for one 28-day month.

1,000,000,000 cubic feet equals 399 second-feet for one 29-day month.

1,000,000,000 cubic feet equals 386 second-feet for one 30-day month.

1,000,000,000 cubic feet equals 873 second-feet for one 31-day month.

100 California miner’s inches equals 18.7 United States gallons per second.

100 California miner’s inches for one day equals 4.96 acre-fect.

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

100 Colorado miner’s inches equals 19.5 United States gallons per second.

100 Colorado miner’s inches for one day equals 5.17 acre-feet.

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

100 United States gallons per minute for one day equals 0.442 acre-foot.

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

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

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

1 acre-foot equals 325,850 gallons.

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

1inch 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 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.

1 horsepower equals 1 second-foot falling 8.80 feet.

13 horsepower equals about 1 kilowatt.

To calculate water power quickly: VSecond-feeilx fall in feet net horsepower on

water wheel realizing 80 per cent of theoretical power.

EXPLANATION OF DATA.

The data presented in this report cover the year beginning Octo-
ber 1, 1915, and ending September 30, 1916. At the beginning of
January in most parts of the United States much of the precipitation
in the preceding three months is stored as ground water in the form
of snow or ice, or in ponds, lakes, and swamps, and this stored water
passes off in the streams during the spring break-up. At the end of
September, on the other hand, the only stored water available for
run-off is possibly a small quantity in the ground; therefore the
run-off for the year beginning October 1 is practically all derived
from precipitation within that year.
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The base data collected at gaging stations consist of records of
stage, measurements of discharge, and general information used to
supplement the gage heights and discharge measurements in' deter-
mining the daily flow. The records of stage are obtained either from
direct readings on a staff gage or from a water-stage recorder that
gives a continuous record of the fluctuations. Measurements of
discharge are made with a current meter. (See Pls. I, II.) The gen-
eral methods are outlined in standard textbooks on the measurement
of river discharge. ' ,

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when
applied to the gage heights, give the discharge from which the daily,
monthly, and yearly mean discharge is determined.

The data presented for each gaging station in the area covered
by this report comprise a description of the station, a table giving
results of discharge measurements, a table showing the daily dis-
charge of the stream, and a table of monthly and yearly discharge
and run-off. ‘ :

If the base data are insufficient to determine the daily discharge,
tables giving daily gage heights and results of discharge measure-
ments are published.

The description of the station gives, in addition to statements
regarding location and equipment, information in regard to any
conditions that may affect the constancy of the stage-discharge
relation, covering such subjects as the occurrence of ice, the use of
the stream for log driving, shifting of control, and the cause and
effect of backwater; it gives also information as to diversions that
decrease the flow at the gage, artificial regulation, maximum and
minimum recorded stages, and the accuracy of the records.

The table of daily discharge gives, in general, the discharge in
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid dirunal
fluctuation the discharge obtained from the rating table and the
mean daily gage height may not be the true mean discharge for the
day. If such stations are equipped with water-stage recorders the
mean daily discharge may be obtained by averaging discharge at
regular intervals during the day, or by using the discharge integrator,
an instrument operating on the principle of the planimeter and
containing as an essential element the rating curve of the station.

In the table of monthly discharge the column headed ‘“Maximum”
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not indi-
cate correctly the stage when the water surface was at crest height,
and the corresponding discharge was consequently larger than given
in the maximum column. Likewise, in the colunn headed “Mini-
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mum” 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 average
flow computations recorded in the remaining columns, which are
defined on page 8, are based.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends primarily (1) on the
permanence of the stage-discharge relation and (2) on the accuracy of
observation of stage, measurements of flow, and interpretation of
records. '

A paragraph in the description of the station or footnotes added to
the tables gives information regarding the (1) permanence of the
stage-discharge relation, (2) precision with which the discharge
rating curve is defined, (3) refinement of gage readings, (4) frequency
of gage readings, and (5) methods of applying daily gage heights to
the rating table to obtain the daily discharge.!

For 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,” 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 monthly means for any station may represent with high ac-
curacy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-
contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation or other use,
~or by inabillty to interpret the effect of artificial regulation of the
flow of the river above the station. ‘‘Second-feet per square mile”’
and “Run-off (depth in inches)” are therefore not computed if such
errors appear probable. The computations are also.omitted for sta-
tions on streams draining areas in which the annual rainfall is less
than 20 inches. All figures representing ‘‘second-feet per square
mile” and “run-off (depth in inches)’’ previously published by the
Survey should be used with caution because of possible inherent
sources of error not known to the Survey

The table of monthly discharge gives only a general idea of the flow
at the station and should not be used for other than preliminary
estimates; the tables of daily discharge allow more detailed studies
of the variation in flow. It should be borne in mind, however, that
the observations in each succeeding year may be expected. to throw
new light on data previously published.

1 For a more detailed discussion of the accuracy of stream-flow data see Grover, N, C., and Hoyt, J. C.,
Accuracy of stream-flow data: U. 8. Geol. Survey Water-Supply Paper 400, pp. 53-59, 1916.

1.
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~ COOPERATION.

Much of the work in Montana has been carried on under cooperative
agreement with the United States Reclamation Service, the work
being done by the Geological Survey and the expense borne by the
Reclamation Service. The legislature of the State of Montana made
an appropriation for stream-gaging work, which was expended by
the State engineer, as provided in the act, in accordance with para-
graph 3, section 2244, of the Revised Codes of 1907 of the State of
Montana, which reads as follows:

The State engineer shall become conversant with the waterways of the State and the
needs of the State as to irrigation matters, shall make, or cause to be made, measure-
ments and calculations of the ordinary and flood discharge of streams, cooperating
n this work as much as possible with the United States Geological Survey and the
Montana Experiment Station; such measurements to be made on streams in order of
their importance, provided that measurements already made, if deemed reliable,
may be adopted.

This fund was expended largely on work in connection with the
several Carey projects in Montana and in computing data on water-
right filings and adjudications. A State hydrographer was employed
who worked directly with the Geological Survey.

The expense of work on the Crow Reservation in Montana, the
Standing Rock Reservation in North and South Dakota, and the
Pine Ridge and Rosebud Reservations in South Dakota was borne by
the Office of Indian Affairs.

Officials of tle Yellowstone National Park have furnished valuable
hydrometric and climatic data and paid a large part of the expense of
work in the park.

All stations in Wyoming were maintained in cooperation with the
State, through Mr. J. B. True, State engineer.

The United States Reclamation Service paid for the maintenance
of the stations on North Platte River above Pathfinder, Wyo., on
Sweetwater River near Alcova, Wyo., and on Sage Creek above
Pathfinder, and also furnished complete records for certain stations,
as acknowledged in connection with the descriptions of those stations.

The Hawk Springs Development Co., through Mr. J. A. Whiting,
furnished record of gage heights and provided the transportation
necessary to obtain data for the station on Horse Creek near Lagrange,
Messrs. Johnson and Crownberg furnished gage-height records and
other assistance in connection with the station on Medicine Bow
River near Medicine Bow, Wyo., and Mr. F. H. Richards assisted in
like manner in obtaining the record at the station on Muddy Creek
near Shirley, Wyo. The Wyoming Irrigation Co. furnished gage-
height records for Shell Creek at Shell, Wyo. The Rock Creek Con-
servation Co. furnished field data for stations on Rock and Deep
creeks near Arlington, Wyo., and also transportation for Survey

engineers.




MISSOURI RIVER PROPER. 15

The State engineer of Colorado paid the gage observers at the
stations on the South Platte at South Platte, on the North Fork of
the South Platte at Grant and at South Platte, and on Geneva Creek
at Grant. The Tarryall Canal & Reservoir Co. paid the expense of
maintaining the station on Tarryall Creek near Jefferson, Colo.

In South Dakota the Black Hills Angostura Irrigation Co. paid the
salary of the gage observer at the station on Cheyenne River near
Hot Springs.

DIVISION OF WORK.

Data for stations in the upper Missouri River basin in Montana and
North Dakota were collected and prepared for publication under the
direction of W. A. Lamb, district engineer, who was assisted by B. E.
Jones, E. F. Chandler, A. H. Tuttle, and Mrs. A. H. Blom, and by
C. S. Heidel, State hydrographer for Montana.

Data relating to tributaries of Missouri River in Colorado, Sou
Dakota, and Wyoming were collected and prepared for publication
under the direction of Robert Follansbee, district engineer, who was
assisted by R. H. Fletcher, W. R. King, P. V. Hodges, H. K. Smith,
J. H. Baily, and Miss Jane Hanna.

Data for three stations in the Yellowstone National Park were col-
lected and prepared for publication under the direction of G. C.
Baldwin, district engineer, who was assisted by H. J. Dean, C. G.
Paulsen, and E. Hazel Haugse.

GAGING=STATION RECORDS.
MISSOURI RIVER PROPER.
RED ROCK CREEK BELOW RED ROCK RESERVOIR, NEAR MONIDA, MONT.

LocatioN.—In sec. 32, T. 13 8., R. 6 W_, at weir 150 yards below reservoir of Red Rock
Reservoir & Irrigation Co., 8 miles northeast of Monida and 15 miles east of Lima,
in Beaverhead County. )

DRAINAGE AREA.—About 560 square miles.

RecORDS AVAILABLE.—July 22, 1911, to September 30, 1916; also miscellaneous
measurements made in summer of 1910.

Gage.—Stage determined by measuring with graduated rod the depth on a peg in
concrete well set with its top at elevation of crest of weir. Observations made
twice daily by P. V. Maxwell. Float gage in concrete well used in 1912 and 1913.
During 1911 a temporary vertical staff on-the left bank about 300 yards below the
dam wasread. Gage heights beginning with those for 1912 indicate head on crest
of 40-foot weir about 150 yards below dam. )

DiscEARGE MEASUREMENTS.—Made from footbridge 40 feet above weir or by wading.

CHANNEL AND CONTROL.—Bed composed of coarse gravel, pebbles, and boulders.
Banks high; right bank is subject to overflow only during extreme high water.
Current so swift at high stages that channel above weir, if cleaned out, soon
becomes partly filled with rocks and pebbles, which cause considerable velocity
of approach. Stage discharge relation seldom changes after natural deposit has
been allowed to rest undisturbed. - T

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.96 feet at 7 a. m.

.~ and 6 p. m. April 30 (discharge obtained by indirect method, 1,170 second-feet);
minimum stage recorded, 0.28 feet January 16, 17, 18 (discharge, 23 second-feet).
1911-1916: Maximum stage recorded, 3.2 feet April 28, 1914 (discharge, 1,220
second-feet); minimum stage recorded, 0.10 foot January 1 to April 10, 1913
(discharge, b second-feet).
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Ice.—Stage discharge relation not affected by ice.

Diversions.—None. )

Reeurarron.—Dam is used to store flood waters to be released as required during
irrigating season. _

Accuracy.—Stage discharge relation changed by high water of April and May.
Rating curve used to May 1 well defined; rating curve used after May 1 well de-
fined between 200 and 500 second-feet. Gage read to hundredths twice daily.
Daily discharge ascertained by applying mean daily gage heights to rating tables
October 1 to April 22 and May 2 to September 30; April 23 to May 1 by indirect
method. Results good.

CooreraTioN.—Record of daily gage heights furnished by Red Rock Reservoir &
Irrigation Co.

Discharge measurements of Red Rock Creek below Red Rock reservoir, near Monida,
Mont., during the year ending Sept. 30, 1916.

Gage Dis-
Date. Made by— height, | charge.
Feet. Sec.ft.
Oct. 1| Heideland Maxwell............... ettt e eaan 1.40 286
June 23 |..... L5 T 1.70 456

Daily discharge, in second-feet, of Red Rock Creek below Red Rock reservoir, near Monida,
Mongt., for the year ending Sept. 30, 1916.

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

1. 280 70 25 25 25 25 26| 1,170 576 445 155 138
2. 154 70 25 25 25 25 251,140 548 445 152 133
3. 68 70 25 25 25 25 25 11,110 548 407 149 133
4. 68 70 25 25 25 25 25 11,110 548 376 |- 147 133
5 68 70 25 25 25 25 25| 1,110 537 376 141 133
68 70 25 25 25 25 251,050 | 537 337 141 133

68 70 25 25 25 25 25 { 1,020 470 332 138 128

68 70 25 25 25 25 26 | 1,020 422 332 136 128

68 70 25 25 25 25 26 925 422 | 332 136 128

68 70 25 25 25 25 26 895 422 332 131 128

68 70 25 25 25 25 26 77 4221 - 332 131 128

68 70 25 25 25 25 26 717 |- 422 291 128 128

68 70 25 25 25 25 26 648 436 291 | 128 128

68 70 25 25 25 25 65| 603 | 436 271 128 128

68 70 25 25 25 .25 124 603 436 128 256

68 46 25 23 25 25 248 603 436 271 128 332

68 25 25 23 25 25 352 603 436 271 125 376

68 25 25 23 25 25 396 603 436 264 125 398

68 25 25 25 25 25 418 603 440 252 123 445

68 25 25 25 25 25 510 603 445 252 123 470

68 25 25 25 25 25| 668| 548 440 252 136 485

68 25 25 25 25 251 805| 495 436 227 149 506

68 25 25 25 25 25 876 495 440 200 149 372

68 25 25 25 25 25| 927| 495) 445| 155| 149 252

68 25 25 25 25 25 957 495 445 155 149 252

68 25 25 25 25 25 | 1,010 522 445 155 141 252

68 25 25 25 25 251,080 548 445 155 141 252

68 25 25 25 25 25| 1,100 548 445 155 138 252

68 25 25 25 25 2511,130 | 576 | 445| 155] 138 252

70 25 25 25 1..u.... 25 11,170 | 576 | 445 | 155 138 252

[ I 25 25 ... 26 |....... 576 |ooeo... 155 138 |.......

NoreE.—~April24 to May 10, 1916, water passed around weir; estimated by observer as follows:
Se‘cond-
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Monthly discharge of Red Rock Creeck below Red Rock reservoir, near Monida, Mont.,
Jor the year ending Sept. 30, 19186.

Discharge in second-feet.
Run-off
Month. ' - (total in
Maximum. | Minimum, | Mean, | 30Te-feet).
280 68 7.7 4,780
70 25 48.2 2,870
25 25 25.0 1,540
25 23 28| . 1,520
25 25 25.0 1,440
26 25 25.0 1,540
1,170 25 406 . 5200
1,170 495 733 45,100
576 422 460 , 400
445 155 270 16, 600
155 123 137 8,420
506 128 241 © 14,300
1,170 25| 206 l 150,000

BEAVERHEAD RIVER AT BARRATTS, MONT.

LocatioNn.—In SW. 1 SW. 1 sec. 20, T. 8 S., R. 9 W, at highway bridge where high-
way crosses railroad and where both hlghway and railroad bridges cross river,
1 mile above Barratts, in Beaverhead County, 2 miles below mouth of Grass-
hopper Creek, and 10 miles southwest of Dillon.

DRAINAGE AREA.—Not measured.

REcorDs AvamaBLE.—August 12, 1907, to September 30, 1916.

Gage.—Chain gage on downstream side of bridge; read by T. Masuno. Before June
22, 1908, a staff gage wasused. Datum of chain gage same as that of staff gage.

DISCHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CONTROL.—Banks'high, covered with brush, and not subject to over-
flow. Stream bed clean and rocky. Two channels at low and medium stages,
caused by an old pier; sudden changes unlikely.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.2 feet at 3.50
p. m., June 22 (discharge, 2,150 second-feet); minimum stage, 0.90 foot, Septem-
ber 1-7 (discharge, 222 second-feet).

1907-1916: Maximum stage recorded, 6.0 feet, June 19 and 20, 1908 (discharge,
8,640 second-feet); minimum stage, 0.42 foot, June 23, 1910 (discharge, 114 sec-
ond-feet).

- Ice.—Stage-discharge relation at times affected by ice.

DiversioNs,—Numerous diversions are made above the station. Water rights ag-
gregating 85,866 inches of water are decreed from Lima, on Red Rock Creek, to a
point 10 miles above Twin Bridges. The three largest canals diverting below the
station are Canyon Creek canal, appropriating 6,000 inches; Union canal, ap-
propriating 4,000 inches; and Beaverhead canal, diverting just north of Dillon
appropriating 5,000inches. The Union Electric Co., of Dillon, has a canal, with
a carrying capacity of 6,000 inches.

ReeuraTion.—The dam on Red Rock Creek, near Monida, used to store flood waters,
has some effect on the flow at this station.

Acctracy.—Stage-discharge relation unchanged during year. Rating curve fairly
well defined. Gage read Yo half tenths twice daily. Daily discharge ascertamed
by applying mean daily gage height to rating table. Records good.

The following discharge measurement was made by C. 8. Heidel:
June 22, 1916: Gage height, 3.97 feet; chscharge, 1,990 second-feet.

71244°—19—wsp 436——2
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Daily discharge, in second-feet, of Beaverhead River at Barratts Mont., for the year ending
, Sept. 30, 1916.

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

3
8
:
2
:
% EESNE bHENY

840 1, 40| 467 332| 37
726| 726 961 | 1,800 332| 375
609 | 840| 8402010 420] 32| 37
646 | 840 8401730 420] 202| 375
567 | 900] 840|1,470| 875 420
402 961 9001470 | 375 24| 420
492 (1,020 | 961|1,340| 308 ym
492 | 1150 [ 1,150 | 1j080 | 375 | 274 | 420
467 { 1,210 | 1,080 [ 1080 | 375 | 256| 420
467 | 10280 [ 1020 | Joso | 332 | 256 | 467
467 | 1,280 | 1,020 [ 1,080 | 332 | 256| 467

444 |....c. 861 ... 332 238 |uenn...

Nore.—Discharge Jan. 2-15 determined from gage heights as estimated by observer because of effect of
iceat gage. No gage height record Jan. 16-26, 3

.-

Monthly dzscharge of Beaverhead Rwer at Barratts, Mont., jor tlw year ending Sept.

30, 1916.
Discharge in nd-feet. .
ge in second-foe Rumoff
Month. (totalin
Maximum. | Minimum. | Mean, | 2cre-feet).
567 308 a7 27,500
467 332 414 24, 600
398 312 343 21,100
354 256 296 17,000 -
900 256 510 31,400
< 1,280 308 686 40,800
1,540 80| 1,160 . 71,300
2,010 80| 1,160 69,000
1,340 332 623 38,300
238 311 10,100
487 222 330 19,600

‘ TEFFERSON RIVER NEAR SILVERSTAR, MONT.

Locarton.—In sec. 23, T. 2 8., R. 6 W., at highway bridge at Barkell’s ranch, in
Madison County, on road from Silverstar to Iron Rod, a station on Ruby Valley
branch of Northern Pacific Railway, about 5 miles below junction of Beaverhead-
and Bighole rivers.

DRAINAGE AREA.—Not measured. ) .

RECORDS AvamwaBrE.—August 11, 1610, to September 30, 1916, when station Wwas

discontinued.
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Gage.—Vertical staff nailed to downstream side of rock-filled timber crib placed
around two concrete piers at center of bridge; read by C. A. Barkell.

DiscEARGE MEASUREMENTS.—Made from downstream side of highway bridge.

CHANNEL AND coNTROL.—Bed gravel; practically permanent. Banks of medium
height, covered with brush, and subject to overflow during extreme floods.

ExTREMES OF DISCHARGE.—Maximum stage recorded dunng year, 7.75 feet at 8 a.m,
and 5 p. m. June 23 (discharge, 13,500 second-feet); minimum stage 2.0 feet at 5
p.m. August 11, and at 8 a. m. and 5 p. m. August 12 (discharge, 465 second-feet).

1910-1916: Maximum stage recorded, 8.8, June 15, 1913 (discharge, 16,500
second-feet); minimum stage, 1.7 feet August 22, 1910 (discharge, 320 second-feet).

Icr.—Stage-discharge relation seriously affected by ice; observations discontinued dur-
ing winter months,

Drverstons.—Numerous irrigating ditches divert water above and below station.

RecuraTion.—Flow regulated by two dams: One on Red Rock Creek, near Monida,

, stores water for irrigation, and one on Bighole River, near Divide, is used for
power development.

Accuracy.—Stage-discharge relation practically permanent; rating curve well de-
fined. Gage read to half tenths twice daily. Daily discharge ascertained by
applying mean daily gage height to rating table. Records good.

The following discharge measurement was made by C. S. Heidel:
June 20, 1916: Gage height, 7.4 feet; discharge, 12,100 second-feet.

Daily discharge, in second-feet, of Jefferson River near Silverstar, Mont., for the year ending
Sept. 30, 1916.

Day. Oct. | Nov. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,660 4,090 (10,600 | 1,080 1,500
1,660 |. 4,000 | 10,000 | 1,080 1, 500
1, 500 4,090 | 10,000 965 1,660
1,350 |- 4,320 | 9,730 9651 1,830
1,350 ,560 | 9. 765 | 1,830
1,350 |........ 2,470 | 6,730 | 4,550 | 9,450 678 | 2,000
1,350 [........ 2;370 | 6,990 | 4,550 | 9,170 678 | 2,000
1,350 |- 1180 | 6,990 | 4.780 | 9,170 678 | 2,000
1,500 |. 2,370 | 6,220 5,010 | 8,340 599 1,830
1,660 |. 2,370 | 5,430 ] 5,720 | 8,070 599 | 1,830

5,010 6,470 | 7,260 496 1,660
4,780 | 6,990 | 6,730 465 1,€60
- 4,000 1,830
5, 1,830

1,830

1,830

1,830

2,000

2,000

2,000

1,830

1,830

1,830

1,920

2,000

2,180

2,090

2,000

2,180

2,180

Mgoi‘? —~Stage-discharge relation affected by ice Nov. 11 to Mar, 18. No gage-height record Dec. 30 to
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Monthly discharge of Jefferson River near Sil'a;erstar, Mont., for the year ending Sept.

‘80, 1916.
X Discharge in second-feet. Run-off
Month, . (tot&fll in
Maximum, | Minimum. | Mean, | 2°T® oot).
2,180 1,660 1,900 117, 000
1,660 1,350 1,470 , 200
2,780 2,000 2,420 62; 400
5,480 2,180 3,180 , 000
- 6,990 4,080 5,040 310, 000
13,500 4,090 8,340 | - , 000
10, 600 1,080 5,130 315, 000
1,660 465 1,070 85, 800
2,180 |* 1,500 1,80 112,000
- R 0
MISSOURI RIVER AT TOSTON, MONT. *'ﬁ\.\\

LocatioNn.—In SW. } sec. 23, T. 5 N, R. 2 E., at highway bridge crossing Mlssoun
River at Toston, Broadwater County, about 25 miles below junction of Gallatin,
Jefferson, and Madison rivers. Ounly.large tributary between gaging station and

- headwater forks is Sixteenmile Creek.
@ DraiNaGE AREA.—Not measured.

RECORDS AvamaBLE.—April 5, 1910, to December 20, 1916, when station was dis-
continued. ) ’

Gaee.—Chain gage attached to downstream side of bridge, about 30 feet from first
pier from right bank; read by W. B. Lorentz.

DISCHARGE MEASUREMENTS.—Made from cable just above bridge.

CHANNEL AND CONTROL.—Rocky; practically permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 10.0 feet January
4 (stage-discharge relation affected by ice gorge); maximum stage recorded during
open-water periods, 8.15 feet at 8 p. m. June 21 (discharge, 23,500 second-feet);
minimum stage recorded, 2 1 feet at 5 p. m. December 31 (dlscha.rge, 1,560
second-feet).

1910-1916: Maximum stage recorded, 9.4 feet June 1, 1913 (discharge, 29,800
second-feet); minimum stage recorded February 10, 1914 (discharge estimated
at 1,100 second-feet). '

Ior.—Stage-discharge relation seriously affected by ice.

Diversrons.—Numerous diversions from tributaries above station.

REecuraTioN.—Low-water flow partly regulated by Hebgen reservoir on Madison
River.

Accuracy.—Stage-discharge relation permanent for open channel; seriously affected
by ice January 1 to March 10. Rating curve fairly well defined. Gage read to
half tenths twice daily. Daily discharge ascertained by applying mean daily
gage heights to rating table. Records fair.

No discharge measurements were made at this station during the year.

® 30% /u/‘u\* oxww 14, U170 aak'...,;ﬂ,,@t Foalo~
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Monihly discharge of Missouri River at Toston, Mont., for the period Oct. 1, 1915, to Dec.

20, 1916.
Di in second-feet.
ischarge i nd-fee Run-off
Month, (totalin
Maximum. | Minimum. | Mesn, | 3Cre-feet).
1915-16. .
5,580 3,660 4,280 263, 000
5,230 3,660 4,260 253, 000
4,560 1,640 3,890 239, 000
11,300 5,230 7,370 307, 000
10,400 5,230 6,890 410, 060
13, 500 8,710 10, 400 640; 000
23, 000 9,990 15,900 946, 000
20,400 4,800 11, 500 707,000
5,230 4,250 4,530 279, 000
5,230 3,660 4,320 257, 000
5,230 3,660 | 4,510 277,000
, 560 1,820 , 160 248, 000
, 890 3,660 4,230 168, 000

MISSOURI RIVER AT FORT BENTON, MONT.

LocartoNn.—In NE. } sec. 26, T. 24 N., R. 8 E., at public highway bridge at Fort.
Benton, Chouteau County.

DRAINAGE AREA.—24,600 square miles.

REcorDS AvarLasBLE.—July 1, 1902, to April 27, 1910, gage heights recorded by
United States Weather Bureau; April 28, 1910, to September 30, 1916, United
States Geological Survey records for parts of years.

GaaE.—A Mott gage installed April 11, 1907, on upstream side of bridge; gage heights
for 1911-1915 are referred to the datum used by the United States Army Engineers
from 1881 to 1890, which is 0.43 foot higher than that used by the United States
Geological Survey in 1910.

DisCHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CONTROL.—Practically permanent except in flood.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 9.25 feet at 8 a. m.

. June 23 (discharge, 50,600 second-feet); minimum stage recorded. 0.55 foot at
4.30 p. m. December 15 (discharge, 4, 120 second-feet).

'1881-1916: Maximum stage recorded, 9.25 feet June 23, 1916 (discharge, 50,600
second-feet); maximum stage recorded by United States Weather Bureau, 153
feet June 7, 1908 (discharge not determined); minimum stage recorded, —0.2
foot September 10, 1914 (discharge, 2,250 second-feet); minimum stage recorded
by United States Weather Bureau, —0.5 foot August 7-10, 17 and 18, 1910
(discharge not determined). Open-season records only; flow may have been
lower during winter months. '

Ice.—Stage-discharge relation seriously affected by ice.

Diversions.—Numerous above gage.

RequraTioN,.—Low-water flow regulated by operation of power plants above station. -

Accuracy.—Stage-discharge relation practically permanent for year except when
seriously affected by ice, December 4-7 and January 4 to March 7. Rating

_curve well defined above 3,500 second-feet. Gage read to hundredths twice
daily. Discharge ascertained by applying mean daily gage height to rati'mg
table. Gage read. but data madequate for determining flow for period of ice
aﬁect Records fair.
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Discharge measurements of Missourt River at Fort Benton, Mont., during the year ending
Sept. 80, 1916.

[Made by A. H. Tuttle.]

Gage Dis-
Date. height. | charge.
e y o
Feet. Sec.-ft.
2.61 10,300
2.05 9,105
1.36 7,360

Daily discharge, in second-feet, of Missourt River at Fort Benton, Mont., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec Jan. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.
5,700 | 6, 6,700 | 14,000 | 22,300 9,600 | 6,000
5,900 | 5, 6,700 | 15,000 | 22,300 |. 8,800 | 6,000
6,100 | 6, 7,050 | 15,500 | 22,900 | 8,800 6,000
6,300 { 5, 7,050 | 16,000 | 22,900 8,450 | 5,650
6,500 | 5, 7,400 | 17,000 | 22,900 8,100 | 6,000
6,700 | 5, 8,450 | 18,500 | 24,100 |. 8,100 | 6,000
6,700 | 5, 8,450 ( 18,000 | 23,500 {. 8,100 6,000
6,700 | 5, 8,450 | 18,500 | 22,900 |. 7,750 | 6,000
6,000 | 5, 8,450 | 18,500 | 22,900 7,400 | 6,000
6,000 | 5, 8,450 | 20,600 | 23,500 7,400 | 6,000
6,350 { 5, 23,500 7,060 6,000
6,700 { 5, 23, 500 7,050 | 6,000
6,350 | 5, 23,500 7,050 | 6,000
6,000 | 4, 24,100 7,050 | 6,000
6,000 | 4, 25,300 7,050 | 6,000
6,700 27,100 7,400 6,000
7,050 30,100 7,400 { 6,000
7,050 35,500 7,050 |- 6,000
7,400 35, 500 7,050 | 6,000
7,750 35, 500 7,050 ] 6,000
7,580 36, 800 7,050 | 6,000
7,400 43,300 6,700 | 6,000
6,700 - 48,900 6,700 [ 6,000
6,700 45,400 6,350 |........
6,350 44,700 6,350 [...couun
7,050 44,000 6,350 }........
7,050 43,300 6,

5,650 41, 400 6,
6,700 40.000 6,
5,300 9,200 39,400 8,
| 5,500 |...0.... 7,400 |...no...| 21,800 |........ 6,

Norr.—Mott gage broken and no readi
Discharge interpolated for following days:
Dec. 4-7, owing to backwater from ice.

taken Apr. 11-21 and after Sept. 23. July 1-7.
ct. 31 to Nov. 5 and Nov. 21, owing to lack of gage temglngs;

No readings

Monthly discharge of Missourt River at Fort Benton, Mont., for the year ending Sept. 30,

1916.
Discharge in second-feet. Run-off
Month. (totalin
Maximum. | Minimum. | Mean, | 8cre-feet).

October. . . 10, 600 4,750 7,040 433,000
November . 7,750 5,300 6,550 . 390,000
December. 6,700 4,250 5,260 -323, 000
March 9-31.. 20,100 7,400 | 12,600 575,000
April 1-10and 22-30...... oo 14, 000 6,700 9,530 359,000
ng .......... 21, 800 13,500 | 17,300 | 1,080,000
JUBO. eoceni i 48,900 22,300 31,400 1,870, 000
TR 3 21,200 8, 800 14,000 639, 000
AUZUS e e el 9,600 6,000 7,220 444,000
Beptember 1-23.ce......vi e 6,000 5,650 5,980 213,000
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MADISON RIVER BASIN.
GIBBON RIVER NEAR YELLOWSTONE, MONT.

LocatioN.—In sec. 6, T. 14 8., R. 8 E. Montana meridian, about 500 feet northeast
of Wylie-Gibbon lunch station, 2 miles below Gibbon Falls, 4 miles above con-
fluence of Gibbon with Firehole River to form Madison River, and 16 miles
east of Yellowstone and west boundary of Yellowstone Park.

DraiNaee AREA.—I117 square miles (measured on topographic maps).

RECORDS AVAILABLE —June 22, 1913, to September 30, 1916, when station was dis-
continued.

Gage.—Vertical staff on left bank about 50 feet below concrete highway bridge; read
by J. J. Dalton, a private stationed at the Fountain soldier station. Present
gage used since September 14, 1913. Original gage, used June 22 to August 30,
1913, was vertical staff attached to downstream side of left abutment of old high-
way bridge, about 40 feet above gite of present gage. A temporary gage installed
by observer at site of present gage was read August 31 to September 14, 1913;
readings on temporary gage have been reduced to datum of permanent gage.

Discrarar MEASUREMENTS.—Made by wading at low and medium stages at a solid
rock section about 30 feet above highway bridge.

CHANNEL AND cONTROL.—One channel at all stages. Bed of stream rocky and rough.
Control consists largely of solid rock and is practically permanent. Little aquatic
growth in stream near gage at any time. Control for present gage not the same
as that for original gage ; relation of the rating curves for the two gages not known.

Ice.—Stage-discharge relation not seriously affected by ice, as river is fed largely
from geysers and hot springs; open-channel rating curve assumed applicable.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.8 feet at 2 p. m.
June 21 (discharge not determined); minimum stage recorded, 1.4 feet October
30, November 1 and 27 (discharge, 72 second-feet). 1913-1916: Maximum stage
recorded, 3.8 feet at 2 p. m., June 21, 1916 (discharge not determined); minimum
stage recorded 1.3 feet March 10, 13, 17, 1915 (discharge 62 second-feet).

DrversioNs.—None.

REeguLATION.—None.

Accuracy.—Stage-discharge relation believed to have remained permanent through-

' out the year. Rating curve fairly well defined between 63 and 188 second-feet
but not defined for higher stages. Gage read to half tenths once daily during
summer months and during rest of year at intervals varying from three to five
days. Discharge, except May 3 to July 8, ascertained by applying daily gage
height to the rating table and interpolating for days on which gage was not read;
May 3 to July 8 stage was above 2 feet and discharge was not determined. Record
good July to September and fair October to May.

Discharge measurements of Gibbon River near Yellowstone, Mont., during the period
Oct. 1, 1915, to Oct. 11, 1916.

. Gage Dis-
Date. Made by— height. | charge.
1916. ' Feet. | Sect.
Aug., 3| Baldwinand Hoyt.......coiiiiiii i iiiaecieaaaicaeraaecaeamaranaas 1.80 139
Oct. 11 | C. G. PaAUISeN. .. oo ittt iaeececaeaaacanacsaanaaanscnne 1.70 119
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Daily dﬁcﬁarge, in second-feet, )of Gibbon River near Yellowsione, Mont., for the year
‘ ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | July. | Aug. | Sept,
ag? 72 480 78 a90 162
a89 a73 a8l @94 92 139 118
92 674 a82 109 a92 139 109
ag8 o76 84 all4 a92 139 100
84 a77 ag4 118 92 162 100
ag4 78 a84 alls ag2 162 100
84 a78 84 el12 ag2 162 100
a84 a78 a82 1 92 162 - 109
84 78 a8l 2106 139 109
84 a80 a80 a103 a95 139 100
a87 a8l 78 100 a97 139 100
a89 ag2 a80 e100 100 139 100
92 84 agl @100 6103 128 100
292 ag4 a82 100 6106 118 100
a92 a84 100 109 118 100
92 a84 a84 ag7 6104 118 100
ag9 84 ag4 ag95 100 139 100
a87 a84 84 92 @100 128 100
84 a84 | - a84 a%0 100 139 100
a82 84 a84 a88 a98 128 100
a8l agl a84 a86 96 118 100
a8 78 84 84 a94 118 100
78 a77 a87 a84 92 118 109
a78 a76 ag9 a84 agy 118 al(9
a78 a4 84 a87 18 109
a78 a73 a87 a84 84 118 2104
78 72 o83 a84 e86 18 100
a76 a74 78 a84 a88 118 4106
a74 a78 a78 84 a90 128 all2
72 78 a78 86 |........ 118 118
a72 |........ a78 e88 |........ 109 |........

e Gage not read; discharge interpolated or estimated.

Monthly discharge of Gibbon River near Yellowstone, Mont., for the year ending Sepi. 30,
1916.

[Drainage area, 117 square miles]

Discharge in second-feet. ] Run-off.
1
Month. Per Degth in Totalin
inches on 'of
Piximum. | Minimum.| Mean. sgqlfg drainage | acre-foot.
g area.
92 72 83.6 0.715 0.82 5,140
72 78.6 672 .75 4,
92 78 82.7 T .82 5,
118 78 95.2 .814 .94 5,850
109 84 94.6 809 .87 5,440
162 92 113 . L1 6,
175 100 130 