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'SURFAGE WATER SUPPLY OF OOLORADO RIVER
BASIN, 1921.

AUTHORiZATION AND SCOPE OF. W"ORK.,'f

This volume is one of a series of 14 reports presenting records.of
measurements of flow made on streams in the Unlted States durmg
the year ending September 30, 1921.

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

Provided, That this officer [the Director] shall have the direction of the Geo-

logical Survey and the classification of public lands and examination of the
geological structure, 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 civil bills passed by Congress have
carried the following item and appropriations:

For gaging the streams and determining the water supply of the Umted»States,

and for the investigation of underground currents and artesian wells, and for, the
preparation of reports upon the best methods of utilizing the water resoyrces.

Annual appropriations for the fiscal years ending June 30, 1896-1922.

1895 o e $12, 500: 00

1896 _ e - 20, 000. 00

1897 to 1900, inclusive. - - . eeio. . 50, 000. 00
1901 to 1902, inelusive. - . - . _______ -- 100, 000.00 . .
1903 to 1906, inclusive. . . .o _____ 200, 000. 00

1907 e 150, 000. 00

1908 to 1910, inclusive_ . . ___ 100, 000. 00

1911 to 1917, inclusive_ . ________ e eiceaceew-a-- 150,000.00 ... .
1918 e mmm— e 5 175,000. 00
1919 e 148, 244.10. . .
1920 e 175,000.00
1921_____ e SR S §___ 180, 000. 00

1922 ] ool 17180, 000.00

In the execution of the work many pnvate and State orgamzatmns
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 page9. ‘

1



2 A SURFACE WATER SUPPLY, 1921, PART IX,

Measurements of stream flow have been made at about 5,200
points in the United States and also at many points in Alaska and
the Hawaiian Islands. In July, 1921, 1,350 gaging stations were
being maintained by the Survey and the. cooperating organizations.
Mahy miscellaneous discharge measurements were made at other
points. In connection with this work data were also collected in
regard to precipitation, 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.’

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off”’ or “dis-

Qharge '—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, miners’ inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity
of water, as run—oﬁ in 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, acre-feet, and millions
_of cubic 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 fundamental
unit from which others are computed

““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 an area would be cov-
ered 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 inches. C

An “acre-foot,” equivalent to 438,560 cubic feet, is the quantit.y
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 channel 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.









EXPLANATION OF DATA. 3.

The “point of zero flow” for a gaging station is that point on the
gage—the gage height—at which water ceases to flow over . the.
control.

EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1920, and ending September 30, 1921. At the beginning of.
Ja.nua,ry in most parts of the United States much of the precipitation
in the precedmg 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 denved .
from precipitation within that year.

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 by the general methods
outlined in standard textbooks on the measurement of river dis-
charge. (See Pls. I, IT.)

From the dlscharge measurements rating tables are prepa;red that
give the discharge for any stage. The application of the daily gage
heights to these rating tables gives the daily discharge from which the
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 records
of discharge measurements, a table showing the daily discharge 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 height and records 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 con-
ditions that may affect the permanence 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 back~
water. 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 dlscharge in-
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid dluma,l,

11582—251—wsp 529———2



4 SURFACE WATER SUPPLY, 1921, PART IX.

fluctuation the discharge obtained from the-rating table and the
mesan 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
regularintervals during the day or by use of 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
indicate 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 column headed
“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 per second during the month. On this’
average flow are based computations recorded in the remaining
columns, which are defined on page 2.

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 gives information
regarding the (1) permanence of the stage-discharge relation, (2)
precision ‘with which the discharge rating curve is defined, (3) refine-
ment of gage readings, (4) frequency of gage readings, and (5)
methods of applying daily gage height 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 ¥eference to the mean rating curve.

~'The monthly means for any station may represent with high accu-
racy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth in inches may be mislead-
ing owing to the inclusion of large noncontributing districts in the
measured drainage area, and they may also be subject to gross errors
caused by lack of information concerning water diverted for irrigation
or other use, or by inability to interpret the effect of artificial regulation
of the flow of the river above the station. ‘‘Second-feet per square
mile” and ‘“run-off in inches” are therefore not computed if such
errors appear probable. The computations are also omitted for sta-



PUBLICATIONS., - . ¢ b

) :
} |

on streams draining areas in which the annual rainfall is less than
20 idches. All figures representing ‘‘ second-feet per square mile” and.:
“tiifi-off in inches” previously published by the:Survey should be
used with caution because of possible inherent sources of error not"'
known to the Survey. N

The table of monthly d1scharge 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, also, that the
observations in each succeeding year may be expected to throw new
light on data previously published.

PUBLICATIONS.

Investigation of water resources by the United States Geological
Survey has consisted in large part of measurements of the volume of
flow streams and studies of the conditions affecting that flow, but
it has comprised also investigation of such closely allied sub]ects as
irrigation, water storage, water powers, ground waters, and quality of
waters. Most of the results of these investigations ha,ve been pub-
lished in the series of water-supply papers, but some have appeared in
the monographs, bulletins, professional papers, and annual reports.

The results of stream-flow measurements are now published an-
nually in 12 parts, each part covering an area whose boundaries coin-
cide with natural drainage features as indicated below:

Part I. North Atlantic slope basins.
~ II. South Atlantic slope and eastern Gulf of Mexico basins.

III. Ohio River basin. '

IV. St. Lawrence River basin.

V. Upper Mississippi River and Hudson Bay basms ‘

VI. Missouri River basin. S

-V1I. Lower Mississippi River basin.

VIII. Western Gulf of Mexico basins.
- IX. Colorado River basin.
X. Great Basin.

XI. Pacific slope basins in California.

XII. North Pacific slope basin in three parts:

A, Pacific slope basins in Washington and upper Columbia River basin.
B, Snake River basin.
C, Lower Columbia River basin and Pacific slope basins in Oregon.

Water-supply papers and other pubhca,tlons of the United States
Geological Survey containing data in regard to the water resources
of the United States may be obtained or consulted as indicated below:

1. Copies may be obtained free of charge by applying to the
Director of the Geological Survey, Washington, D. C. The edition
printed for free distribution is, however, small and is soon exhausted.

2. Copies may be purchased at nominal cost from the Superin--
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tendent of Documents, Government Printing Office, st}ashing
D. C, who will, on application, furnish lists giving prices.

3. Sets of the reports may be consulted in the libraries of the p
cipal cities in the United States. I
4. Complete sets are available for consultation in thelocal offices

of the water-resources branch of the Geological Survey, as follows: ‘

Boston, Mass., 2500 Customhouse.

Albany, N. Y., 704 Journal Building.

Trenton, N. J., Statehouse. .

Asheville, N. C., 316 Jackson Building. ,
Chattanooga, Tenn., 37 Municipal Building. '
Columbus, Ohio, Brown Hall, Ohio State University. ?/
Chicago, I11., 1404 Kimball Building.

Madison, Wis., care of Railroad Commission of Wisconsin.

Ames, Iowa, State Highway Commission Building. )

-Rolla, Mo., Rolla BuildingsSehaol of-Mines and Metallurgy. — wwwwroms
Topeka, Kans., 23 Federal Building. .

Helena, Mont., 45-46 Federal Building.

Denver, Colo., 403 Post Office Building.

Salt Lake City, Utah, 313 Federal Building.

Idaho Falls, Idaho, 228 Federal Building. .

Boise, Idaho, 615 Idaho Building.

Tacoma, Wash., 406 Federal Building.

Portland, Oreg., 606 Post Office Building.

San Francisco, Calif., 328 Customhouse.

Los Angeles, Calif., 600 Federal Building.

Tuecson, Ariz., 210 Agricultural Building, University of Arizona.

Austin, Tex., State Capitol.

Honolulu, Hawaii, 25 Capitol Building.

A list of the Geological Survey’s publications may be obtained by
applying to the Director, United States Geological Survey, Washing-
ton, D. C.

Stream-flow records have been obtained at about 5,200 points in the
Upited States, and the data obtained have been published in the
reports tabulated below and ‘on pages 7 and 8. e

ﬁn 2 \

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

Report. Character of data. Year,

1884 to Sept., 1890.
1884 to June 30, 1801.
1884 to Dee., 31, 1892,

10th A, pt. 2....] Descriptive information only.._ .. ... . ...
11th A, pt. 2....| Monthly discharge and descriptive information
12th A, pt. 2..- | ... L« L Y

13th A, pt. 3..-.] Mean discharge in second-feet....oo. ...
14th A, pt. 2....| Monthly discharge (long-time records, 1871 to 1893) . 1888 to Dec. 31, 1893,
BBl ... Description, measurements, gage heights, and ratings....__._. 1893 and 1894,

16th A, pt. 2.___| Descriptive information only. ... _____.______ S,
B 10 Descriptions, measurements, gage heights,. ratings, and | 1895.

monthly discharge (also many data covering earlier years).

L/ S Gage hejghts, (also gage heights for earlier years) .............. 1896.

18th A, pt. 4.._.{ Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
(also-similar data for some earlier years). : i

Wb omeaeas Descriptions, measurements, and gage heights, eastern United | 1897.

States, eastern Mississippi River, and Missouri River above
.junction with Kansas. A .
W16 oooooos Descriptions, measurements, and gage heights, western Missis- | 1897.
sippi River below junction of Missouri and Platte, and west-
ern United States.
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Stream-flow date in reports of the Uniied States Geological Survey—Continued.

Report. ’ Character of data. - Year.

Desceriptions, measuroments, ratings, and manthly discharge | 1897.
(also some long-time records), 1897. N
Measurements, ratings, and gage heights, eastern United | 1898.
States, eastern Missis: River, and Missouri River. “
Measurements, ratmgs, an gage helghts, Arkansas River and | 1898. .
western Umted s
Monthly discharge (also‘ for many earlier years)
Descriptions, measurements, gage heights, and ratin
Monthly discharge........coceeeeon_-
Deseriptions, measurements, gage heights, and ratings. ..
-} Monthly discharge.-.. oo oo ceeeemmamemee X
Deserlyitions, measurements, gage heights, and ratings-.--.... 1901.
Monthly discharge...._. --| 1901.

w8 Complete [ 707 S : - 1902
W 97 to 100, . 1903.
W 124 to’ 1904,
W 165 1905.
W 201 1906.
W 241 1907-8.
W 261 1909.
W 281 1910,

. W 301 1911,
W 321 ti 1912.
W 351 t0 362.._. 1913,
W 381 to 394._.. 1914,
W 401 to 414 1915.
W 431 to 444. 1916
W 451 to 464. 1917

"W 471 to 484 - 1918,
W 501 to 514. 1919 and 1920.
W 521 to 1921,

. NotE.—No stream-flow data are given in the Fifteenth and Seventeenth annual reports.

The records at most of the stations discussed in these reports ex-
tend over a series of years, and miscellaneous measurements at many
points other than regular gaging stations have been made each year.
An index of the reports containing records obtained prior to 1904 has
been published in Water-Supply Paper 119.

The following table gives, by years and drainage basins, the num-
bers of the papers on surface-water supply published from 1899 to
1920. The data for any particular station will be found in the
reports covering the years during which the station was maintained.
For example, data from 1902 to 1921 for any station in the area
covered by Part III are published in Water-Supply Papers 83, 98,
128, 169, 205, 243, 263, 283, 303, 323, 353, 383, 403, 433, 453, 473,
503, and 528 which contain records for the Ohio River basin for those
years,
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_ DIVISION OF WORK. 0i9

4 i+~ COOPERATION. | .

The -work in Arizons,:Utah, and Wyoming was carried on under
cooperative agreement between the United States Geological Survey
and the States, and special acknowledgments are due to the’ cooper-
ating State officials, G:E. P. Smith, irrigation engineer, of the agri-
cultural experiment station, University of Arizona, and W. S. Nor-
veil, State water commissioner; G. F. McGonagle and R. E. Caldwell,
State engineers of Utali; and Frank C. Emerson, State engmeer of
Wyomlng Rl
observers and, furnished other a,ssnstance at four st:atwns in: Colomdo

. The United States Forest Service furnished the services of a hydrog-
rapher for part of the time durmg the winter for work in - Colomdo
and Wyoming.
~ The United States Weather Bureau paid the gage obseryers for
Colorado River near Fruita, Colo., and Green River at Green River,
Wyo. The Eden Irrigation & Land Co...paid for.installing and
maintaining the station on Big Sandy Creek neat Farson, Wyo.

In Utah financial assistance was rendered by the Office of Indian
Affairs and the Vernal Milling & Light Co.

In Arizona the United States Bureau of Reclamation furnished
financial assistance in installing and maintaining the station on
Colorado River at Topock. The Office of Indian Affairs: cooper-
ated in the maintenance of the stations on Gila River near San
Carlos, Gila River at Kelvin, and North Fork of White River at
Whiteriver. ; V

DIVISION OF WORK.

Data for stations in Arizona were collected under the direction of
Roger C. Rice, district engineer, who was assisted by J. H. Gardiner.
The records were compiled and prepared for publication under direc-
tion of Roger C. Rice and W. E. Dickinson, district engineers, who
were assisted by J. H. Gardiner.

Data for stations in Colorado and Wyoming were collected and
prepared for publication under the direction of Robert Follansbee,
district engineer, who was assisted by P. V. Hodges, J. B. Splegel
T. J. Watkins, and Mrs. Esther D. Rae.

Data for stations in Utah were collected and prepared for publica-
tion under the direction of A. B. Purton, district engineer, who was
assisted by W. E. Dickinson, R. R. Rowe, and E. C. Howard.

The records were re\newed and the manuscript assembled by J. J
Dirzulaitis.
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GAGING-STATION RECORDS.
COLORADO RIVER BASIN.

COLORADO RIVER AND TRIBUTARIES ABOV’E GREEN RIVER
, COLORADO RIVER AT HOT SULPHUR SPRINGS, COLO.

‘LocatioN.—In sec. 2, T. 1 N., R. 78 W., at highway bridge near Denvér & Ralt
Lake Railway station in Hot Sulphur Springs, Grand: County:

DERAINAGE AREA.—785 square miles (revised measurement on map of Colorado,
scalé 1:500 ,000).

REcorDs AvAiLABLE.—July 22, 1904, to September 30, 1909; September 23, 1910,

* to September 30, 1921.

Gaae.—Chain gage on downstream side of bridge; read by G. . Henry. Prior
to April 16, 1906, a staff gage 1,000 feet downstream, set to datum 6.07 feet
lower, was used.

DiscHARGE MEASUREMENTS.—Made from bridge or by wading.

CHANNEL AND cONTROL.—Bed composed of well-compacted gravel. Control

" 150 feet downstream; shlftmg at long intervals. Banks not subject to over-
flow. -

ExXTREMES OF.DIBCHARGE.—MaXImum stage recorded during year, 8.7 feet at
5 a. m. June 15 (discharge, 10,300 second-feet) ; minimum discharge occurred
during winter.

1904-1909; 1910-1921: Maximum stage recorded in 1921; minimum
discharge oceurs during winter (estimated at 63 second-feet on February
15 and 25-27, 1908).
Ice.—Stage-discharge relation seriously affected by ice.
Diversions.—Court decrees for diversions of 800 second-feet from Colorado
. River and North Fork above station, of which 525 second-feet is for diversion
across the divide into headwaters of Cache la Poudre River. Under this
decree 9,200 acre-feet was diverted during 1921.

ReqguraTion.—Diurnal fluctuation during spring of year from alternate melting
and freezing of mountain snow. No artificial regulation.

Accuracy.—Stage-discharge relation shifted considerably during spring break-
‘up; affected by ice November 6 to April 5. Rating curve used from April
1 to September 30 well defined. Shifting-control method used for October
and November with previous rating curve as standard. Gage read to
hundredths twice daily; readings for September apparently in error. Daily
discharge ascertained by applying mean daily gage height to rating table
except for periods of ice effect and period for which gage readings are in
error, for which it was ascertained as noted in footnote to tables of daily
discharge and except for period for which shifting-control method was used.
Open-water records good except for September, for which they are fair;
winter records fair.

Discharge measurements of Colorado River at Hot Sulphur Springs, Colo., during
the year ending Sept. 30, 1921.

Date. Made by— Gage | Dis || 1 Made by— Gage | Dis-
height. | charge. height.

Feet Sec.-ft. ||

Oct. 9| H.E. Grosbach_..__.._ 1.83 237 | June 1
Jan. 18 | P. V. Hodges. |l ed2 129 || 23
Feb. 22 | E.H. Peck........_.... 53.32 103 |! Sept. 21

& Stage-discharge relation affected by ice.



COLORADO RIVER AND TRIBUTARIES ABOVE GREEN RIVER. ‘L1

Daily discharge, in second-feet, of Colorado River at Hot Sulphur Springs, Colo.,
for the year ending Sept. 30, 1921.

¢

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
185 1411 740 | 6,000 | 2,020 | 822
185 210 | 1,150 | 5,400 [ 1,750 | 822
171 21 | 1, 4,990 | 1,930 | 822
165 275 | 1,670 | 5,620 | 1,670 | 822
167 o 270 1,750 | 6,000 | 1, 768

1
154 3021 1,930 | 8,310 | 1,360 | 640
149 208 | 2,110 | 6,860 | 1,360 | 590
144 {r 173 251 | 1,840 | 6,860 | 1,860 | 565
138 268 | 1,430 | 6,340 | 1,300 | 565
134 272 | 1,300 | 7,130 | 1,300 | 615
127 3568 | 1,360 | 8,000 | 1,360 565
127 445 | 1,360 | 8,000 | 1,430 | 540
134 445 | 1,670 | 8,000 | 1,360 ( 565
141 445 | 1,840 | 8,000 | 1,360 | 565
147 111 445 | 2,110 | 9,280 | 1,360 [ 640
154 U8\ 4502110 | 8,630 |1,30| 60| 330
161 445 [ 2,110 | 7,700 | 1,300 | 640
165 445 | 2,020 | 6,600 | 1,300 | 615
181 468 | 1,670 | 6,340 | 1,300 | 590
185 468 | 2,210 | 4,090 | 1,240 | 580
192 127 4911 2,310 | 3,870 ; 1,180 590
185 516 | 2,640 | 3,130 | 1,180 | 590
179 1| jay 516 | 2,760 | 2,880 1,180 | 540
173 540 | 3, 3,000 | 1,070 | 540
169 565 | 3,710 | 3,000 | 1,070 | 540
167 540 | 3,710 | 2,880 | 1,160 { 565
167 491 | 3,130 | 2,760 | 1,100 | 540
165 445 | 3,870 | 2,880 565
FT:748 | I | AR R \ 516 | 4,590 | 2,530 | 822 | 540
iic: | I | A SO, 565 | 5,190 | 2,310 | 822 [ 540
.............. 5,400 |-—.—.o| 850 | 540 [J._....

Nore.—Stage-discharge relation affected by ice Nov. 6 to Apr. 5; discharge ascertained by means of study
discharge measurements, gage-height and temperature records. Gage readings unreliable Sept. 1-30;
mean discharge ascertained by comparison with flow of other streams in the drainage basin. Discharge
estimated for Apr. 16, on account of error in gage height.

Monthly discharge of Colorado River at Hot Sulphur Springs, Colo., for the year
. ending Sept. 30, 1921.

Discharge in second-feet.
Run-off in
Month acre-feet.
. Maximum. | Minimum.| Mean.
October. e eecmceccmeeemeemm - 310 181 236 14, 500
NoOvember. - . oo ceecieeee 192 127 162 9, 640
December...._ 153 9,410
January. cooceeoce.. 133 8, 180
February. 111 6, 160
Merch._ 118 7

April_ 405 24,100
May. 2, 400 148, 000
June . 5, 620 334, 000
July.... 1,200 79, 300
Augus 615 37, 800
September.__.._...._. . 330 19, 600
B (T N 9,280 | _eeeeanenn 964 698, 000

Nore.—See footnote to table of daily discharge.

e
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COLORADO RIVER AT GLENWOOD SPRINGS, COLO.

Locarion.—In sec. 9, T. 6 S., R. 89 W., at Glenwood Springs, Garfield County.
No Name Creek enters Colorado River 2 miles above station and Roaring
Fork half a mile below. )

DRraINAGE AREA.—4,560 square niles (revised; measured on map of Colorado,
scale 1:500,000).

RECORDS AVAILABLE.—January 1, 1900, to September 30, 1921; also May 12
‘to July 17, 1899, at point just above Roaring Fork.

Gage.—Friez water-stage recorder on right bank in front of power house; in-
stalled May 17, 1910; inspected by Forest Service employee. See Water-
Bupply Paper 175 for history of early gages and gage used in 1905 which was
also used until May 17, 1910. No change in gage datum.

DISCHARGE -MEASUREMENTs.~—Made from cable beneath State Street bndge, a
third of a mile below gage.

CHANNEL AND CONTRoL.—Bed composed of well-compacted gravel, on which silt
is deposited. Control at riffle 300 feet downstream; slightly Shlftlllg.
Banks not subject to overflow except at extreme high stages.

EXTREMES OF DISCHARGE.—Maximum stage during year, from Water-stage
recorder, 12.3 feet at 8 p. m. June 15 (discharge, 29,000 second-feet) ; mini-
mum stage, 1.6 feet at 5 p. m. February 6 (discharge, 80 second-feet).

1900-1921: Maximum stage recorded, 12.55 feet at noon June 14 and
15, 1918 (dlseharge, 30,100 second-feet); minimum stage recorded that of
February 6, 1921.

ICE.——Stage-discharge relation not affected by ice. Hot water from springs
keeps river open.

Diversions.—Court decrees for diversion of 48 second-feet of water from Colo-
rado River for irrigation between this station and Hot Sulphur Springs and
1,250 second-feet for power. Water diverted for power is returned to river
above Glenwood Springs.

ReauLaTiON.—Shoshone power plant of Colorado Power Co., 7 miles upstream,
controls flow during day at low water but has insufficient pondage to control
it for more than a few hours.

Accuracy.—Stage-discharge relation practically permanent. Rating curve
well defined. Operation of water-stage recorder fairly satisfactory (see
footnote to daily-discharge table). Daily discharge ascertained by applying
to rating table mean daily gage height obtained from recorder. graph by in-
spection or, for days of eonsiderable diurnal fluctuation, by averaging the
bi-hourly discharge, except for periods during which recorder did not operate
for which it was ascertained as indicated in footnote to daily-discharge table.
Records excellent except for periods of missing gage-height record, for which
they are fair.

CoorerAaTION.—Gage-height record furnished by United States Forest Service.

Discharge measurements of Colorado River at Glenwood Springs, Colo., during the
year ending Sept. 30, 1921.

Date. Made by— hgig eé‘ clPa;Ze. Date. Made by— h(giz%]et. clPa?gje.

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

Oct. 30 | H. E. Grosbach........ 3.90 1,120 || Jan. 25 | Peck and Hodges__.... 3.71 1, 050

Dec. 17 | P. V. HodgeS. o ccueno. 2.63 338 || Mar. 7| Peck and Perkins_..... 4.02 1,370

Jan. gé Pen](cj1 and Hodges... ... 3.34 ;’ég Sept. 9 | Robert Follansbee._._. 4.58 2, 080
______________________ 3.32
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Daily d@scharge, n second—feet of Colorado River at Glenwood Springs, Colo., fqr tbe
year ending Sept 30, 1921. .

oL - K 7 i A o
Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar. Apr. May. | June. | July Aug. | Sept,

874 780 928 | 1, 2,180 | 21,700 | 8,720 | 3,050 | 3,500
738 - 696 984 | 1,1107T 3,020 | 21,700 | 8,390 | 3,100 { 3,820
852 | 679 | 1,020 | 1,100 | 3,920 | 21,200 | 8,390,| 3,150 | 3,300
962 842 | 1,120 | 1,330 | 5,230 | 20,400 | 7,740 {'3,150 | 2,930
916 | © 753 | 1,240 | 1,680 :21,200 | .7,420 i 3,200, ] 2,600
"860 |- 539 | 1,400 | 1,800 | 8,390} 22,500 |6,800 | 2,930 { 2,310
820 690 | 1,420 | 1,680 19,750 | 24,300 | 6,200 | 2,930 | 2,180
780 742 | 1,330 | 1, 9,080 | 23,400 | 5,630 | 2,600 | 2,120
785 679 1,230 (1,300 7,110 ,400. | 5,360 | 2,450 | 2,050
798 700 | 1,050 | 1,310 | 6,500 | 25,100 | 5,100 { 2,520 | 1,980
682 761 | 1,010 | 1,280 | 5,910 | 26,400 | 5,100 % 520 | 1,920
631 | 7190|1000 1,500 | 5630 27, 5,200 | 2450 | 1 860
695 596 987 | 1,860 | 6,500 | 26,800 | 5,400 {2,450 1,800
792 697 774 | 1,800 | 8,060 | 26, 5,600 | 2,450 | 1,740
880 | 765 | 1,120 [ 1,800 | 9,060 | 27,700 | 5,800 | 2,760 | 1,680
15 632 | 1,210 | 1,740 | 10,100 | 27,700 | 5,630 | 3,200 1 1,620
82 | 601 | 1,560 | 1,330 | 11,200 | 25,600 | 5,630 | 2,930 | 1,560
041 | 631 | 1,500 | 1,560 22,100 | 5,360 | 2,680 | 1,560
983 687 | 1,620 | 1, 11,900 ) 19,100 | 5,500 | 2,450 | 1, 560
964 690 | 1,680 [ 1,920 | 10,800 | 16,100 | 5,630 | 2,450 | 1,620
805 670 | 1,740 | 2,180 | 9,750 | 13,100 | 4,850 | 2,520 | 1,560
796 | 650 | 1,560 | 2,120 | 10, 11,600 | 4,730 | 2,520 | 1,500
731 | 640 | 1,440 | 2, i1, 11,600 | 5,360 | 3,200 | 1,440
638 650 | 1,560 | 2,310 | 13,100 | 11,900 { 5,230 | 4,140 | 1,440
902 670 | 1,440 | 2,760 | 14,400 | 11,900 | 4,850 | 4,260 { 1,330
751 730 | 1,310 | 2,310 | 14,800 | 11,200 | 4,490 | 4,030} 1,380
726 805 | 1,180 { 2,120 | 14,400 | 10,800 | 4,260 | 3,500 | 1,280

794 | 919 | 1,090 | 1,920°} 15,700.| 10,500 | 3,820 | 3,300.] 1
823 1,000 | 1,860 | 17,400 | 10,100 | 3,500 | 3,200 | 1,220
653 1,000 | 1,920 | 20,000 | 9,400 | 3,200 | 3,200 | 1,210
766 1,080 21,200 |. 3,020 | 3,110 fooao e

Nore.~~Recorder not operating Oct. 8, Jan. 5-8, Feb. 20-26, Mar. 4-5, July 12-15, Aug. 14, Sept. 11-16;
discharge determined by comparison with flow of Colorado River at Hot Sulphur Sprmgs and Eagle River
at Eagle. Daily discharge determined by averaging bi-hourly discharge, Nov. 18, 30, Dec. 1 to Jan. 4, Jan.
11 to Feb. 19, Feb. 27 to Mar. 3, and Mar. 14.

Monithly discharge of C’olorado River at Glenwood Springs, Colo., for the year ending
Sept. 30, 1921,

i

Discharge in second-feet. :
Run-off in

Month. - acre-fest

Mazximum. | Minimum. | Mean. c-feel.
October..._.... 1,500 | 1,180 1,330 81,800
November. .. ———— 1, 260 820 1,140 67, 800
December. . 1,050 573 825 50, 700
983 631 806 49, 600
919 539 700 38,900
1,740 774 1,250 76,900
2, 760 1,080 1,730 103, 000
21, 200 2,180 | 10,200 627, 000
27,700 9, 400 19, 400 1, 150, 000

8,720 3,020 5,550 s

4,260 2,450 2,980 183, 000
3,820 1,210 1,910 114, 000
The year. —— 27,700 539 3,990 2, 880, 000

COLORADO RIVER NEAR PALISADE, COLO.

LocartoN.—In sec. 2, T. 11 8., R. 98 W., at State bridge 2 miles above Palisade,
Mesa County. Nearest important tributary, Plateau Creek, enters 6
miles above.

‘DRAINAGE AREA.—S8 790 square miles (revised; measured on map of Colorado,

.~ scale 1:500,000). -

RECORDS AVAILABLE.—April. 9, 1902, to September 30, 1921.

Gage.—Chain gage on downstream slde of bridge near midspan; read to tenths
twice daily by A. Barnhisel. .
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-DI18CHARGE MEASUREMENTs.—Made from bridge 2 miles below gage. .

CHANNEL AND coNTROL.—Bed composed of gravel, silt, and scattered boulders.
Control at rapids 300 feet downstream; practically permanent Banks not
subject to overflow.

‘ExTrREMES OF DISCHARGE.—No data.

Ice.—Stage-discharge relation affected by ice. Data insufficient to warrant
determination of discharge.

DiversioNs.—Principal diversion between Glenwood Springs and the gaging
station near Palisade is the high-line canal of the Bureau of Reclamation
which has a capacity of 1,425 second-feet. Of the amount diverted, power

* water is returned to the river to supply a priority of 521 second-feet for the
Grand Valley canal.

ReguLaTion.—None.

CooreraTioN.—Complete records furnished by United States Bureau of
Reclamation.

D@scharge measurements of Colorado River near Palisade, Colo., during the year
ending Sept. 30, 1921.

[Made by C. 8. Hoag.]

.

Ga Dis- ’ Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
Apr 1200 ool 13.32 2,750 | Aug. 11 . 13.9 3, 850
MY Heeeiicceccccccceen 17.2 12,800 || Sept. 26 ool 12.9 2,110
July 22 15. 65 7,680

Daily discharge, in second -feet, of Colorado River near Palzsade Colo., for the year
endmg Sept. 30, 1921

Day. Oct. | Nov. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |' Sept,
1,500 | 2,250 | 2,120 | 3,980 | 34,600 | 18,000 | 5,480 6, 340
1,500 | 2,460 | 1,820 | 5,030 { 34,000 | 17,000 | 6,740 7,160
1,500 | 2,540 | 2,180 6,880 | 33,100 | 14,500 | 6,210 6,210
1,580 | 2,780 | 2,250 | 9,740 { 32,500 | 13,900 | 5,960 5,360
1,700 | 2,860 | 2,780 | 12,400 | 32,500 | 14,100 | 5,250 | 4,810
20 1,640 | 2,780 | 2,940 | 15,600 | 34,300 | 12,700 | 4,810 4, 600
120 1,580 | 2,040 | 3,030 | 17,800 | 40,200 | 10,900 | 4,280 3,780
060 1,370 | 2,620 | 2,620 | 16,600 | 38,200 | 10,100 | 3,080 | 3,580
000 1,480 | 2,460 | 2,460 | 13,800 | 37,000 | 9,900 | 3,680 3,390
2, 000 1,480 | 2,120 | 2,820 | 11,400 | 41,900 | 10,400 | 3,580 [ 3, 02
000 1,820 | 2,060 | 2,390 | 10, 600 | 44,400 900 | 3,580 3,030
000 1,820 | 2,060 | 2,620 | 10,200 | 46,200 | 10,100 | 3,480 2,780
000 1,580 | 1,940 | 3,210 | 11,400 { 47,700 | 11,000 | 3,300 2, 620
000 1,640 | 1,820 | 3,300 | 14,100 | 45,800 | 11,200 | 2 120 2, 460
000 1,040 | 1,880 | 3,480 | 16,800 , 800 | 11,900 | 3,480 2,120
2,000 | 2,250 | 1,820 | 2,250 | 3,210 | 19,500 | 50,800 | 11,000 | 3,880 | 2,180
2,000 | 2,000 | 1,640 | 2,540 | 2 860 | 21,200 | 43,600 | 10,200 | 4,080 | 2,120
2,060 2,000 1,480 | 2,700 | 2,320 | 20,100 | 37,600 | 9,900 [ 3,880 2,120
2,060 1,880 1,580 | 2,780 | 3,030 | 21,400 | 31,600 | 9,260 | 3,390 2, 180
2,060 | 2,000 | 1,640 | 2,940 | 3,120 | 18,200 | 26, 9,420 | 3,120 | 2,060
2,320 | 2,250 | 1,320 | 2,940 | 3,390 | 17,000 | 22,600 | 8,790 | 3,390 | 2,060
2,320 | 2,000 | 1,640 | 2,780 | 3,480 | 18,000 | 20,500 | 7,740 | 3,680 | 2,120
2,120 | 1,940 [ 1,820 | 2,700 | 3,580 | 20,100 | 21,400 | 8,480 | 4,280 | 2,060 .
2,120 | 2,000 | 1,880 | 2,620 | 2980 20,500 | 9,100 | 7,740 000
1,040 | 2,000 | 1,940 | 2,460 | 4,600 | 23,500 | 19,900 | 8,180 | 8030 | 2,000
1,040 | 1,880 | 2,180 | 2,180 | 4,390 | 23,300 | 19,700 | 7,740 | 6,740 | 1,940
2,000 1 1,940 | 2,460 | 2,060 | 3,480 | 23,800 | 19,700 | 7,160 | 6,080 1,880
1,040 | 1,880 | 2,180 | 2,000 | 3,210 | 25,000 | 19,400 | 6,600 | 5,360 | 1,820
1,940 | 1,880 {-eocnonn 2,060 | 3,210 | 28,400 | 19,200 | .-5,840| 5,250 1, 820
1,940 { 1,760 [o—c_—-.- 2,060 | 3,300 | 32,200 | 18,600 | 5,250°| 5,140 1,760
2,060 | __ .l 2120 |eereo.. 34,000 | .znnee. 4,920 | 5,250 {oeeel

Nore.—Quantities changed shightly to conform to computation rules used by U. S. Geol: Survey. Stage-
discharge relation affected by ice during December and January.
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Monthly discharge of Colorado River near Palisade, Colo., for the year ending
Sept. 30, 1921.

Discharge in second-feet.

Month. Run-off in
) . © | acre-feet.
Maximum. | Minimum.| Mean.
AOCEODOT - - oo e e mmeman 2,320 1,940 2,070 127, 000
4,180 1,760 2,210 132, 000
2,460 1,320 1,700 94, 400
2,040 1,820 2,410 148, 000
4, 600 1,820 030 180, 000
34, 000 3, 17,600 | 1,080,000
50, 800 18,600 | 32,800 | 1,950,000
18, 000 4,920 | 10,200 27,
8,030 3,1 4,720
7, 160 1,760 3,050 181, 000

Note.—See footnote to table of daily discharge.

COLORADO RIVER NEAR FRUITA, COLO.

Location.—In sec. 20, T. 1 N,, R. 2 W, at highway bridge 134 miles south of
Fruita, Mesa County. Nearest important tributary, Little Salt Wash,
enters 1 mile below station; Gunnison River enters at Grand Junction 12 miles
above.

DRrAINAGE AREA.—16,800 square miles (measured on map in Hayden’s atlas).

REecorps avainaBLE.—Flood records during 1908, 1909, 1910; continuous
records April 1, 1911, to September 30, 1921.

Gage.—Chain on downstream side of left span; read by L. C. Jones. Prior to
May 3, 1911, gage was vertical staff attached to center pier; datum 0.05
foot lower.

DiscEARGE MEASUREMENTS.—Made from three-span highway bridge.

‘CHANNEL AND CONTROL.—Bed composed of silt and gravel which will shift dur-
ing high water, scouring out at high stages and filling in afterwards. Con-
trol is rifle 600 feet downstream; somewhat shifting. Banks subject to
overflow at stage of 14 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.2 feet at
8 a. m. and 5 p. m. June 16 (discharge, 81,100 second-feet) ; minimum stage
probably occurred during winter.

1908-1921: Maximum stage recorded that of June 16, 1921. Weather
Bureau states that highest stage known was about 18.5 feet on July 4, 1884
(discharge estimated from extension of rating curve and levels across over-
flow, 125,000 second-feet); minimum stage, 1.9 feet August 26-30, 1919
(discharge, 1,270 second-feet).

Ice.—Stage-discharge relation seriously affected by ice; daily discharge not
determined during winter.

Diversions.—Court decrees for diversions of 788 second-feet from Colorado
River between the Palisade station and Fruita. ’

RecuLATION.—None.

Accuracy.—Stage-discharge relation not permanent. Rating curve fairly well
defined below 40,000 second-feet. Gage read to tenths twice daily. Daily
discharge ascertained By applying mean daily gage height to rating table
except for period affected by ice December 14 to January 31 and shifting
control September 11-30. Records good below 40,000 second-feet and fair
above.
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Discharge measurements of Colorado River near Fruita, Colo., during the year
ending Sept. 30, 1921.

Date. Made by— hgi?iﬁt. clﬁlrsg-e.

: . Feet. Sec.-ft.
Oct. 26 | H.E. Grosbach . ... oo cccmmcmmec e mm e mmme 3.84 3,610
Apr. 9| Robert Follansbee. .. . ... 4.02 4,010
Sept. 6 | Follansbee and Snyder : 5.48 6, 970

Daily discharge, in second-feet, of Colorado River near Fruita, Colo., for the year
ending Sept. 30, 1921. . 3

Day. Oct. | Nov. | Dec. | Jan. | Feb. [ Mar. | Apr. | May. | June. | July, { Aug. | Sept.
3,910 | 4,200 | 3,040 2,730 | 3,720 | 3,540 | 6,380 | 57,100 | 25,600 | 9,380 | 9,380
3,040 2,730 | 3,910 | 3,200 | 9,710 | 55,100 600 | 10,800 | 9,710
3,040 2,730 | 3,910 | 3,200 | 13,700 | 53,100 | 21,300 | 9,380 | 9,060
3,200 2,730 | 4,100 | 3,910 | 17,200 | 53,100 | 20,000 | 8.750 | 9,060
3,040 2,680 2,730 | 4, 4, 21,300 | 51,100 | 18,800 | 7,880 | 8,160
3,040 2,730 | 4,290 | 5,270 | 27,200 | 55,100 | 17,700 | 7,610 | 7,100
2,880 2, 4,480 | 5,060 | 28,800 | 62,100 | 15,200 | 7,100 | 6,380
2,880 2,580 | 4,290 | 4,480 | 24,800 | 63,100 | 14,200 | 6,380 | 5,920
2, 880 2,580 | 4,100 | 3,720 | 21,300 | 61,100 | 13,300 | 5,920 | 5,480
2,880 2,730 | 3,540 | 3,720 | 17,700 | 67,100 | 13,300 | 5,480 | 5,270
2, 880 2,730 | 3,200 | 3,540 | 15,700 | 69,100 | 13,300 | 5,480 | 4,480
2, 880 2,730 | 2,880 | 3,910 | 14,700 | 71,100 | 12,400 | 5,480 | 4,670
2,730 2,660 | 2,730 | 3,200 | 4,670 | 16,600 | 75,100 | 14,200 | 5,060 | 4,480
2,880 | 3,720 | 4,860 | 21,900 | 73,100 | 15,200 | 5,060 | 4,290
3,200 | 3,720 | 5,060 ,400 | 77,100 | 15,700 | 5,700 | 4,100
2, 800 3,040 | 3,910 | 5,060 | 30,500 | 81,100 | 16,200 | 6,380 | 3,720
2,730 | 4,480 | 4,670 | 37,600 | 72,100 | 15,200 | 6,380 |- 3,370
2,900 | 2,730 | 4,860 | 4,290 | 34,000 | 61,100 | 15,200 | 5,920 | 3,370
2,730 | 4,480 | 4,200 | 34,000 | 53,100 | 14,200 | 5,920 | 3,540
2,730 | 4,480 | 5,060 | 30,500 | 46,100 | 13,700 | 5,480 [ 3,720
2,880 | 4,670 | 5,480 | 25,600 | 39,500 | 12,800 | 5,920 | 3,540
2,730 | 4,670 | 5,270 | 25,600 | 35,800 | 12,000 | 6, 3, 540
2,580 | 4,670 | 5920 | 28,800 ,000°| 12,400 | 8750 | 3,540
.2,730 | 4,670 | 6,850 | 34,000 13,300:{:14,700 | 3,540
3,040 | 4,480 | 8,160 | 37,600, | 34,000 | 12,800 | 12,000 | 3,370
2, 410 |42, 830 290 | 7,880 | 38,600 | 32,200 | 12,800 | 10,800 | 3,040
290 | 6,380 | 35,800 | 31,400 | 12,800 | 9,380 | 2,880
100 { 5,480 | 37, 500 { 10,800 | 9, 2,730
720 | 5,270 | 45,200 | 26,400 | 9,710 | 8,750 | 2,580
540 | 5,480 | 53,100 | 26,400 | 8,450 { 8,160 | 2,580
540 |oocooo. 56, 100 - 9,060 | 8,450 |.eeunne

Nore.—Stage-discharge relation affected by ice Dec. 14 to Jan. 3. Braced figures show mean dis-
charges for periods indicated and are based on records of Gunnison River near Grand Junction, Colo.
Shifting-control method used Sept. 10-30. - ‘

Monthly discharge of Colorado River near Fruita, Colo., for the year ending Sept. 30,

Discharge inisecond-feet.

. Run-off in

Month. . acre-feet.

Maximum. | Minimum.| Mean. | -
October — 4,720 3,040 | 3,500 221, 600
NOVEIIDOL . - o e e e e e e e e 4,290 3,040 3, 650 217, 000
Decomber e . 2,730 168, 000
N IO IO 2770 170, 000
3,720 2, 580 2, 157, 000
4, 860 2,880 4,070 250, 000
8, 160 3,200 4, 950 295, 000
56, 100 6,380 | 28, 1,720, 000
» 81,100 26,400 | 52,800 | 3,140, 000
25, 600 8, 450 14, 700 904, 000
14, 700 5, 7, 680 472, 000
September - s ameecenemn—— 9,710 2, 580 4,890 291, 000
.The year. - [P 8L,100 |occeemaaae 11,100 8, 000, 000
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R COLORADO RIVER NEAR TOPOCK, ARIZ.

LocaTtioNn.—In E. 14 sec. 16, T. 7 N., R. 24 E., in Mohave Canyon 134 miles
below Atchison, Topeka & Santa Fe Railway bridge at Topock, Mohave
County, and 16 miles (by main channel of river) below Needles, Calif.

DRrAINAGE AREA.—171,000 square miles.

Rrcorps avamLaBLe.—February 1, 1917, to September 30, 1921.

GaGeE.—Stevens continuous water-stage recorder on right bank at mouth of
Mohave Wash just above point where river enters a narrow section of -the

" canyon. ‘ . )

DiscEHARGE MEASUREMENTS. Made from cable just below gage.

CHANNEL AND coNTROL.—Channel straight above and below gage. Above the
gage the channel is wide and the bed of loose sand is constantly shifting.
At low stages large sand bars form numerous islands between Topock and
the gage. Below the gage the river enters a steep walled rock canyon and
the channel contracts from about 800 feet to 400 feet. The bed in the can-
yon scours during floods and fills during low stages. The control is
indefinite.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage re-
corder, 28.2 feet on June 22 (discharge, 174,000 second-feet) ; minimum dis-
charge 5,900 second-feet on December 27.

1917-1921: Maximum stage and discharge occurred on June 22, 1921;.
minimum discharge, 4,100 second-feet on January 16, 1919.

Diversions.—Water is diverted for irrigation and power development from main
river and tributaries above the station.

Accuracy.—Stage-discharge relation not permanent. During the year 30
discharge measurements were made covering a range in discharge from 8,000
to 80,000 second-feet. Operation of water-stage recorder satisfactory
during most of the year. Mean daily gage heights determined by in-
specting recorder graph. Daily discharge ascertained by shifting-control
method. Records fair.

Daily discharge, in second-feet, of Colorado River near Topock, Ariz., for the year
ending Sept. 30, 1921.

Day. | Oct. | Nov. | Dec. | Jan.

o
&
2
53

Apr. | May. | June. | July. | Aug. | Sept.

15,400 | 18,100 | 93,300 (166,000 | 36,000 | 11,000 | 11, 500
15,800 | 19,100 | 95,300 (153,000 | 38,900 | 35,000 | 11,200
132,000 | 33, 800 | 55,500 | 10, 100

119, 000 | 36,000 | 66,500 | 9,000
105,000 | 34,800 | 63,000 | 9,000
92,000 | 35,500 | 59,500 { 9,000
;g,ooo 41,000 | 48,500 | 9,000

6,500 | 8,900 | 10,500 | 18, 500 | 27,000 | 8,800 | 70, 000 | 47,700 | 31, 600
6,100 | 8900 | 10,800 | 18,300 | 23, 500 | 90, 500 | 67,000 | 45,000 | 30, 800
6,100 | 8900 | 10,500 | 18,300 | 21,300 | 96, 600 | 64,000 | 49,000 | 30, 100
6,100 | 9,000 | 11,000 | 17,400 | 19,900 [104,000 | 60,000 | 52, 500 | 29, 400
6,100 | 9,000 | 11,000 | 17,100 | 18,700 [111,900 | 57,000 | 60,000 | 28, 700
6,100 | 9,000 | 11,500 | 16,800 | 18,700 [112,000 | 55,000 | 51,700 | 28,000
6,100 | 9,000 | 12,500 | 15,900 | 19,000 [116,000 | 50,000 | 43,300 | 27, 200
6,200 | 8,900 | 12,800 | 15,500 | 32, 500 (115,000 | 47,000 | 35, 000 | 26, 400
6,200 | 7,700 | 12,800 | 14,400 | 51,000 {114, 000 | 44,000 | 28, 500 | 24, 700
6,300 | 7,700 | 12,800 | 13,700 | 63,000 {116,000 | 41,000 | 26,000 | 24, 900
6,700 | 7,700 | 13,600 | 12,800 | 74,500 [118,000 | 39, 000 | 28,500 | 24,100
6,900 | 7,700 : 13,600 | 13,000 { 79, 500 [118,000 | 34,000 | 24,000 | 23, 400
7,000 | 8 900 | 13,600 | 15,000 | 79, 500 (121,000 | 38,000 | 24, 500 | 22, 600
7,290 | 9,000 | 14,500 | 13,000 | 78,500 [122, 000 | 42,000 | 19,500 | 19, 500
7,100 | 8,900 | 14,500 | 13, 500 | 72,000 (124, 000 | 42,000 | 20,500 | 17; 500
7,100 | 8,900 | 14,900 | 14,800 | 68,800 |136,000 | 42,000 | 19,000 | 16, 500
7,100 | 9,000 | 15,500 | 14, 500 | 64, 100 (141,000 | 40,200 | 17,500 | 14, 500
7,100 | 9,000 | 15,500 | 15,100 | 62, 100 |148, 000 | 39, 500 | 17,500 | 13,300
7,500 | 9,000 | 15,800 | 16,000 | 66,600 |154, 000 | 42,000 | 22,000 | 12,800
7,800 | 9,000 | 15,800 | 17,000 | 74,100 162, 000 | 42,000 | 26, 500 | 12, 500
7,800 | 9,000 | 15,400 | 17,500 | 82,200 (170,000 | 44,000 | 22,200 | 12, 200
7, 500 g,% 15,000 | 18,000 | 89, 000 (174, 000 | 42,000 | 18,000 | 11,800
t
) 950
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Monihly discharge of Colorado River near Topock, Ariz., for the year ending,Sept.

30,
Discharge in second-feet.
Mouth. - Runoflio
Maximum. | Minimum.| Mean.
9, 800 7, 800 8,910 548, 000
10, 800 7,260 8,390 499, 000
8,170 5, 900 7, 459, 600
8, 500 000 6, 990 430, 600
10, 000 7,700 8, 980 499, 0600
19, 500 10,500 | 14,600 898, 000
26, 500 12, 800 17,100 1, 020, 000
95, 300 18, 700 63, 100 3, 880, 000
174, 0600 72,000 | 122, , 260, 000
70, 000 33,800 44, 700 2, 750, 000
66, 500 11, 000 35, 600 , 190, 000
31,600 9, 000 18 700 1 110, 000
174, 600 5, 900 29, 800 | 21, 500, 000

COLORADO RIVER AT YUMA, ARIZ.

Location.—In NE. ¥{ NE. 1 sec. 35, T.16 S., R. 22 E., San Bernardino base
and meridian, 100 feet upstream from Southern Pacific Co.’s original
bridge at Yuma, Yuma County. Since the change in channel on June 7,
1920, Gila River enters from the east 5 miles upstream from this station.

DRAINAGE AREA.—242,000 square miles (measured on map compiled from
best available maps of the Colorado River basin).

REcoRrDS AvaiLABLE.—April 1, 1878, to September 30, 1921. Gage heights
only before January 1, 1902.

Gage.—Vertical staff in two sections on left bank; zero of gage is 102 79 feet
above mean sea level. Published incorrectly in Water-Supply Paper 509.

DisCHARGE MEASUREMENTS.—Made from cable 1,000 feet downstream from gage.

CHANNEL AND CONTROL.—Bed composed of shifting sand and silt; subject to
much seour during high water. No well-defined control.

EXTREMES OF DISCHARGE.— Maximum mean daily discharge during year, 186,000
second-feet on June 28; minimum mean daily discharge, 5,100 second-feet
on December 27. .

1902-1921: Maximum mean daily discharge, 240,000 second-feet, January
22, 1916; minimum mean daily dischiarge, 1,800 second-feet January 16, 1919,
Maximum discharge on January 22, 1916, was caused by a flood from Gila
River.

DiversioNs.—Water is diverted for irrigation and power from main river and
tributaries above station. At Laguna dam about 15 miles upstream water
is diverted for the Yuma project of the United States Bureau of Reclamation.
The annual diversion is about 500,000 acre-feet. Some of the water diverted
is returned to the river at the spillway below the gaging station at Yuma.

ReauraTioN.—Flow affected at times by sluicing at Laguna dam.

Accuracy.—During the year 164 discharge measurements were made at the
station; daily discharge determined by shifting-control method.

CooreraTioN.—Complete records furnished by the Bureau of Reclamation,
but data have been revised slightly to conform to the computation rules
used by the United States Geological Survey.
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Daily discharge, tn second-feet, of Colorado River at Yuma, Ariz., for the year end-
ang Sept. 30, 1921.

Day. | Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
8,000 | 6,500 | 8,400 | 7,400 | 13,900 | 17,500 | 61,400 [106,000 | 33,400 | 37, 500
8,200 | 6,200 |11,000 | 7,100 | 13,900 | 19,500 | 62,500 3 38,000 | 36,300
8,300 | 6,100 {10,000 | 7,800 | 13,600 | 24,000 | 63,700 | 77,000 | 36,000 | 35,900
8,500 | 6,000 | 9,100 | 8,600 | 13,700 | 24,300 | 66,000 | 73,500 | 50,000 | 31,500
8,700 | 5,800 | 8,800 | 8,900 | 13,500 | 21,500 | 64,500 | 68,600 | 45,600 , 900
9,000 | 6,000 | 8,000 | 9,200 | 13,800 | 20,800 | 68,300 | 66,300 | 47,600 | 29, 700
8,800 | 6,200 | 7,800 | 9,000 | 13,200 | 21,000 | 74,200 | 61,800 , 27,400
8,600 | 6,300 | 7,500 | 9,500°| 12,800 | 18,200 | 79,300 | 65,300 | 39, 800
8,500 | 5,700 | 7,300 (10,200 | 12,300 | 18,300 | 83,100 | 52,200 | 31,000 | 23, 500
8,600 | 5,200 | 6,800 {15,000 | 12,000 | 27,000 | 85,300 | 49,200 | 27,700 | 20,300
8,000 | 5,400 | 6,600 |20,000 | 11,400 | 34,800 | 92,000 | 46,900 | 22,200 | 20,000
7,500 | 5,300 | 6,600 |17, 500 | 10,900 | 41,000 | 89,000 | 43,200 | 21,900 | 19, 600
6,900 | 5,500 | 6,600 |18, 800 | 10, 45,300 | 94,100 | 41,400 | 26, 16, 500
7,000 | 5,800 | 6,600 [21,000 | 12,600 | 51,000 | 101,600 | 39,700 | 21,300 | 15,900
7,100 | 6,200 | 6,300 /20,000 | 13, 500 | 51,000 | 101,000 | 38,100 | 21,700 | 14, 500
7,100 | 6,600 | 6,000 |18, 600 | 14, 500 | 50,100 | 104,000 | 38,000 | 19,900 | 14,000
7,100 | 7,600 | 6,400 (18,600 | 14,300 | 52,000 | 106, 000 y ), 13, 500
7,600 | 8,200 | 6,800 18,700 | 18,500 | 52,700 | 113,000 | 31,500 | 18,000 | 12, 600
7,700 | 8,600 | 7,000 16, 13,500 | 51,000 | 115,000 | 31,500 | 17,800 | 11,800
7,800 | 8,500 | 6,800 13,500 | 13,600 | 49,300 | 124,000 | 31,400 | 17,500 | 11,000
7,600 | 8,500 | 6,600 13,100 | 14,600 | 50,600 | 134,000 | 33,000 | 22,200 | 10,700
7,400 | 8,600 | 6,500 12,300 | 15,100 | 51,600 | 136,000 | 30,200 | 23, 100 )
7,000 | 8,400 | 6,400 |10, 14,800 | 52,900 | 148,000 | 34, 38,600 | 9,800
7,200 | 8,400 | 6,700 |10,600 { 14,200 | 56,000 | 149,000 | 34,000 | 43,600 | 10,000
7,300 | 7,500 | 7,100 {10,900 | 14,600 | 60,100 | 161,000 { 31,300 | 43,600 | 9,300
6,200 | 6,800 | 7,300 (12,800 | 14, 500 | 64,100 | 172,000 | 30,200 | 43,700 | 8,700
5,100 | 7,200 | 7,500 |12,800 | 14, 500 | 66, 200 | 182, 000 3 50,800 | 8,
5,200 | 7,900 | 7,700 (13,200 | 15,000 | 68,000 | 186,000 | 28,300 | 51,000 | 7,900
5,300 | 8,000 {-______ 13,900 | 15,500 | 64,000 | 173,000 | 28, 61, 300 3
5,200 { 8,100 [-__.__. 14, 600 | 16,700 | 61,400 | 144,000 | 29,000 | 60,700 | 10, 600
5,400 | 8,200 |---_--- 14,300 |- ... 61,000 [-ooooooo- 33,000 | 66,000 |- ._---.

Monthly discharge of Colorado

at Yuma, Ariz., for the year ending Sept. 30,
1921.

Discharge in second-feet.
Run-off in
Month. acre-feet.
Maximum,| Minimum., Mean.

OCtODOr . oo et e emem 8, 000 5, 800 6, 500 400, 000
November. 12, 600 000 10, 400 619, 000
December. oo 9, 5,100 7, 350 452, 000
J Y. 8, 600 5,200 6,950 427,000
February.. ... 11, 000 6, 000 7,360 409, 000
arch___. - , 000 7,100 13, 400 824, 000
April 16, 700 10, 500 13, 700 815,000
May 68, 000 17,500 | 43, 2, 670, 000
June. 186, 000 61,400 | 111,000 | 6,600,000
July_ .. 106, 000 200 | 45,800 | 2,820,000
August 61, 300 17, 500 35, 200 2, 160, 000
September. ...t 37, 500 7,900 18, 000 1, 070, 000
The Fear oo e ——— 186, 000 5, 100 26,600 | 19, 300, 000

FRASER RIVER NEAR ARROW, COLO.
Location.—In NE. ¥4 sec. 4, T. 2 8., R. 75 W., a quarter of a mile from Vasquez

siding on Denver & Salt Lake Railroad in Arapahoe National Forest and
134 miles southwest of Arrow, Grand County. Nearest tributary enters

half a mile above.

DRAINAGE AREA.—29 square miles, revised (measured on special map).
RECORDS AvAILABLE.—September 23, 1910, to September 30, 1921.
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(Gage.—Friez water-stage recorder on left bank 300 feet upstream from old
logging road crossing at Vasquez; inspected by forest ranger. Prior to
June 3, 1916, vertical staff attached to downstream side of bridge on trail to
Arrow and a quarter of a mile above railroad bridge was used. During
winter, readings taken from staff gage 1 mile upstream at railroad bridge.

DisCcHARGE MEASUREMENTS.—Made from footbridge near gage or by wading.

CHANNEL AND CoNTROL.—Bed composed of boulders and coarse gravel; fairly
permanent. No well-defined control. Banks are not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage
recorder, 2.5 feet at 8 p. m. June 11 (discharge, 525 second-feet); minimum
discharge probably occurred during winter.

1911-1921: Maximum discharge recorded, 820 second-feet at 9 p. m., .
June 13, 1918 (gage height, 2.9 feet); minimum discharge, 2 second-feet on
March 30 1912 (gage-height, 0.60 foot).

Ice.—Stage-discharge relation affected by ice.

DiversioNs.—Court decrees for diversions of 53 second-feet across divide from
headwaters of Fraser River into headwaters of Clear Creek. During 1921
100 acre-feet were diverted. Below station, court decrees for 74 second-
feet for irrigation and 61 second-feet for placer mining and power.

RecunaTiON.—Diurnal fluctuation during spring, caused by alternate melting
and freezing of mountain snow. No artificial regulation.

Accuracy.—Stage-discharge relation for regular station practically permanent;
for winter station not permanent. Rating curve for regular station well
defined between 15 and 400 second-feet. Staff gage read to hundredths
once daily from October 8 to May 21. Operation of water-stage recorder
satisfactory except for short periods, as shown in footnote to table of daily
discharge. Daily discharge ascertained by applying to rating table one
daily gage reading or mean daily gage height determined by inspecting
gage-height graph. Records excellent except during winter, for which they
are fair,

Discharge measurements of Fraser River near Arrow, Colo., during the year ending
Sept. 30, 1921.

— Gage Dis- — Gage | Dis-
Date. Made by height. | charge. Date. Made by height. | charge.
Feet. | Secft. Feet. | Sect.
Oct. 7| H. 0.45 16.2 |{ June 22 | Robert Follansbee_.._. 1. 57 195
Jan. 19 | P. <, 81 6.8 || Sept. 19 [._.._ s (s D b, 54 20.7
Feb. 23 | E. e, 66 6.1

o Made at winter gage. I
% Winter gage read 0.82 feet. .
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Daily discharge, in second=feet; of Fraser River near Arrow, Colo., for the year ending
Sept. 30, 1921.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
18 16 12 7 13 5] 281] 182 52
17 21 12 7 13 15| 281 157 .40 --36
17 22 |) 8 14 16| 323| 142 45 34
6] 23 ‘ 8 14 17| 328| 127 42
16 25 9 15 17| 337 120 40 31
16 20 9 15 161 30| 10|, .39 30
16 23 10 15 17| 32| 105 38 30
16 20 10 15 17| 327 101 36 29
16 19 10, 10 16 17| 381 99 351, 21
15 18 11 16 25| 420 96 3BT 2B
15 16 11 18 33 94 35| 24
15 18 1] - 18 51| 473 96 35 24
15 17 1 15 73| 441 02 35 23
15 17 12 14 85| 417 90 37 22
14 18 6 12 14 92 | 453 88 35| 22
5] 18 b7 o} 14| e2| 33| ss| 32 =2
14 17 11 14| 108| 337 84 28 22
13 18 11 14| 100]| 300 80 26 22
13 19 11 15 100 271 80 25 22
13 15 12 14| 103 220 73 25 21
13 14 L 12 16 97| 210 2 20
14 31 12 151 150 | 204 71 30 20
15 18 7 12 14| 202|213 70 33 19
16 19 12 14| 235| 218 69 33 19
16 18 12 14| 268| 227 65 37 19
16 16 11 13| 2711| 215 64 36 19
16 14 11 13| 265 58 39 18
16 u 12 13 291| 194 55 46 18
29 13| R | I 12 14 3077 177 50 43 18
16 w2l ] |- 12 4| 21| 170 45 42 18
T2 I | B | A I 12 [coemees 204 |ocoeees 50 39 [ineaean

Nore.—Stage-discharge relation affected by ice Dec. 3 to Mar. 10; discharge determined from discharge
measurements and gage-height and temperature records. Braced figures show mean discharge for period
indicated. No gage-height record Oct. 12, 13, 21-23, Jan. 1-18, 20-22, 27, 28, Mar. 17, Apr. 4-9, 15, 28-30,
May 22, July 15, 22, 28, and Aug. 5-7; discharge interpolated except for period in January.

Monthly discharge of Fraser River near Arrow, Colo., for the year ending Sept. 30,
B 1 9 .

Discharge in second-feet.
; . Run-off in
Month. . acre-feet.
Maximum.| Minimum.| Mean.

October. - 29 13 (18,7 965
- November...._.... 31 12 18.5 1,100
December. 8.6 529
January. 7 430
FebTUarY - oo 6 333
March. - 12 7 10.7 658
April. 18 13 14.5 863
May 307 15 118 . , 260
June 473 170 304 18, 100
July 162 45 88.7 5,450
August_.._ - 521 25 36.4 > 2,240
September..- 38 18 24.1 1,430
The year. S, L V£ I P, 5.4 # 39, 400
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.

WILLIAMS FORK NEAR PARSHALL, COLO.

LocaTion.—About sec. 36, T. 1 N., R. 79 W., at private bridge at Field’s ranch,
4 miles above mouth of river and 4 miles south of Parshall, Grand County.
Nearest tributary, Battle Creek, enters from west 2 miles below station.

DRAINAGE AREA.—185 square miles (measured on map in Forest Servwe atlas).

Recorps avarnaBre.—July 25, 1904, to September 30, 1921.

Gaae.—Bristol float type water-stage recorder at left end of bridge installed
October 18, 1919, and referred to previously used vertical staff on downstream
side of bridge pier; inspected by F. A. Field.

DiscHARGE MEASUREMENTS.—Made from two-span bridge or by wading.

CHANNEL AND CONTROL.—Bed composed of coarse gravel and small boulders;
shifts.. Control is gravel bar 50 feet downstream; slightly shifting at
intervals. Water flows through small overflow channels at and above stage
of 4.1 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.95 feet at 8
a. m. June 9 (discharge, 1,510 second-feet); minimum discharge occurred
during winter. '

1904-1921: Maximum stage recorded, 6.0 feet at 9.45 a. m. June 14, 1918
(discharge, 2,520 second-feet) ; minimum stage, 2.1 feet on November 7, 1919
(discharge, 15 second-feet). .

Ice.—Stage-discharge relation affected by ice.

Diversions.—Court deocrees for diversion of 1,416 second-feet from Williams
Fork, all above station. Of this amount 700 second-feet is to be diverted
to the eastern slope, but this diversion has not been made.

ReGurATION.—Diurnal fluctuation during sprlng, caused by alternate melting
and freezing of mountain snow.

Accuracy.—Stage-discharge relation practically permanent; affected by ice
during winter. Rating curve well defined. Staff gage read to.hundredths
twice daily from November 21 to April 11.. Water-stage recorder worked
satisfactorily the remainder of the year except November 16, 17. Daily
discharge ascertained by applying mean daily gage height to rating table
except for periods during which stage-discharge relation was affected by ice.
Records excellent except during winter period, for which they are fair.

Discharge measurements. of Williams Fork near Parshall, Colo., during the year
. ending Sept. 30, 1921.

Date. Made by— poage | ois || Date. Made by— v Sl ey

1919. Feet. | Sec.ft. 1920. Feet. | Sec.-ft.
Oct. 8| H.E. Grosbach___.._.. 2.75 71 June 2 | Robert Follansbee...... 4.50 1, 090
Jan. 20 | Hodges and Peck....... a2 68 44,2 (| Sept. 21 |_.... L T 279 .
Feb. 24 | E. H. PecK.cavennennnn- 2.43 30.8

6 Stage-discharge relation affected by ice.
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Daily dwscharge, in second-féet, of Williams Fork near-Parshall, C’olo., for the year
endmg Sept 30 1921.

v -
{

s B B RECEN
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May, | Jupe. | July. | Aug. | Sept.
- =
3 84 48 76{ 14211,140( 700| 185| 152
1 89 81 45 76 176 1 1,090 | - 860 | 1887 145
84| 63| . 48 89 11,140 | 652 179 139 -
81 7 60 334 11,180 | 620 158 1
81| - 76 76 96 , 596 | 152 120
82 82 611 48611,220| 532} 158 us
82 g 74| 46511,180| 508 ,{gg -1
82 79 64 42 51 66| 33411270 4721 m
82 79 52 791 300 | 1,270 | 4373 138 115
82 7L 56| 66| 260 430 132 120
69 63 88| 260|1,360 | 406 .. 132 120
71 it 9681 310 l 320 | 437 130 13
82 61 84| 388 l 2710 | 406 167 107
68 57 93| 412 424 | 161 102
63 3| 66 72| 430 1 270 140 100
84 60 54 |" 500 | 1,000 ‘352 158 100
% Bl G| gt ) w
. - ,000 ;
2§ 82" 93| 604 865" 3;0’ ‘126 100
55 98 1 486 | V80 L1 88
63 86 104 568 |+ ¢40 | - 280 B2 .9
55 74 96 644 780 | 200 152 85
46 38 9 82| 104| 660| 82 200 164 o8
42 79 122 | 740 |, 820} . 240 158 98
48 82 m 820 780 220 145 93
55 63 104| 780| 780| ,224| 128 88
52 48 104 740 | 780 | 210 138 88
&0 45 98+ 910 764 188 128 84
21 [ | R U, 63 96 | 1,000 | 740 185 | 132 79
45 66 115 | 1,000 | 740 170 | 152 79
66 1,140 . 158 | 158 |ooeeene

Note.—8tage-discharge relation affected by ice Nov, 26 to Mar. 1, Mar. 9, snd 10. Discharge deter-
mined from gage heig(l!t and temperature reeords, discharge measurements, and observer 's notes. Braced
figures show mean discharge for period indica

Monithly discharge of Williams Fork near Parshwll Colo., for the year ending Sept.

0, 1921
Discharge in second-feet.
Run-off in
Month. acre-feet.
Maximum. | Minimuam. | Mean.
Octob ) 9 60 81.2 4,990
November_.... 84 42 64.1 3,810
December . 50.6 3,110
January. 41.5 2, 550
February. 35.0 1,940
March._ - 98 45 64.7 3,980
April 122 89.8 5, 340
May___ 1,140 142 543 33, 400
June - 1, 360 740 | 1,030 61, 300
T uly - 700 1 382 , 500
August.____ e eeemcmememeammaeeememmmemeeemcmaee—————— 188 128 148 9,100
Beptember. 152 79 106 6,310
The year. 1,360 [ocoeeeeeas 220 159, 000
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' o L . BLUE mvxn AT DILLON, COLO, - . o wi

LocarioNn.—In sec, 18, T. 5 S R 77 W., at highway bridge in outskirts of

Dillon, Summit County Nearest tnbutanes, Snake vaer and Tenmile
* Creek, enter a sfiort distance below.

DRAINAGE ARBA.—110 square mileg (measured on map in Forest Service atla,s)

RECORDS AVAILABLE.—October 15, 1910, to September 30, 1921.

GAGE -—Gurley water-stage recorder installed April 21, 1920, and referred to
previously used vertical<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>