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SURFAOE 'W’ TR SUPPLY OF COLORABO ﬁIV’ER
BASIN, 1919 AND 1920

’ AU”THORIZAT?’[ONL: A’z#n, SQQ};E oF WVQR(,K: \

This volume is one of a-series of 14 Teportea presenting results of
measurements of flow made on streams in the United States during
the  years. ending September 30, 1919 and 1920. '

‘The data presented in these reports were collected by the United
States Geologwai Survey under the following authonty conta.med
in t,he orgamc law (20 Stat. L., p. 394):

Promded, That thls oﬂicer [the Dlrector] shall hava the dn'ectxon of the Geolo-
glcal Survey and the classification of public lands and examma.tlon of the geologlcal
stru¢ture, mineral resources and products of tlie national domain.

"The work was begun in 1888. in connectlon ‘with special studies
relatmg to irrigation in the arid West. Smce the fiscal year ending
June 30, 1895, successive sundry civil bills passed by Congress have
ca.rned the followmg item and appropnatxons

For gagmg the streams ,und determining the water supply nf the Umted Sta.tes

_and for the lnvestlgatxon of underground currentp and artesian wells, and for the
preparation of reports upon the best methods of utxhzmg the Water resources

o Annual apprapmtiem Jor the ﬁscal years ended: Jmte 30, 1895~1991 -

1895 .. U SRS SR AN $12,‘500.60
1896:_ . ______ L ln M iniiilis ‘21, 000:00-
1897 to 1900, inclusive . _____ . ____... 50,000, 00
v, 1901 %o 1902, inclusive. ., .. . ... —+2~=+ 100, 000..00
1903 to 1906, inclusive ...« __.... 000. 00

« Imt the e.xeeutmn of bhe work many pnvatae; and Sisai:e orgmnza— ;
tions have cooperated, either by furnishing dsataior by-assisting in
eollecting data: . Acknowledgments-for cobperation. of the-first kind
are msde:in conneotion with the deseription.of eaeh station: aﬁmtadf
-oooperation of the second. kind'is. w]muwledged on page 9: s
SR 51



2 SURFACE WATER SUPPLY, 1919-1920, PART IX

Measurements of stre am flow have been made at about 5,000 points e

in the United States and also at many points in Alaska and the
Hawaiian Islands. In July, 1920, 1,350 gaging stations were being

maintaimed by the S q ratmgg atwna
ii\iaépcel a.neoi};y ‘disch a;r qy dut&mm ¥ eﬂ!;:: bthér ts‘
In connection with-$his / daka ‘wﬁre 3136 ected in regard to
preclplta.tlon, evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available

in water—é’upjﬂy pa,pérsf‘rﬁmkﬁmywmmee RIS PIES RTINS I

ke ‘DEFINITI-ON OF TERMS: i -l ,;;i’f“

" The volume of water ﬂowmg in a S,ﬁrea.m——-the “run—oﬁ""’ or dis-

charge”—is expressed in various terms, each of whi hp,gfbec?ﬁié
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 dlscha.rge in secon(i—feet
per square mile, and (2) thése that represent the actual quantit of
water, as ru_n-oﬁ in mches, acre-feet and Imlllons of cul'nc fy et
The principal terms used,m this semes of repors are second-:ﬁeet
second-feet per square mil, run-oﬁ' in mches, tmd a.cre-feet
may ‘be defined as foﬂows o .
“*‘Second-feet’” is”an abbrewatlon for ¢ cublc feet; per second b
A second-foot is the rate of discharge of ‘watér flowing in"a’ chahnel

of Tectangular cross section 1 foot wide and 1 foot ‘deep at a1 average i

velocity of 1 foot per sacond. Itis genamliy used 'as & funda.méntal
unit from which others are computed

“Second-feet, per square mile” is the average number of: cabic feet

of water flowing per second from each square mile of area, drained,
on the assumption that the run-off is dlstrlbuted unﬁormly hoth as
regards time and area. ER

“Run-off in inches’ is the depth to whmh 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-»oﬁ with
rainfall, which is usually expressed in depth in inches. '

An ‘‘acre-foot,”’ equivalent to 43,560 cubic feet, is the qu&ntlty
required to cover an acre to the depth of 1 foot. - The term: is com-
monly used in connection with storage for irrigation. iy

The following terms not in common use are here defined:

#‘Btage-discharge relatian,” an abbmnmon for the *tarm “rnlaﬁon”,::'f;;
of gmhelght t@dlml'gﬂﬁn Bevar ged - ST T

+‘“Control]”’ a term:used: to- daesxgnaﬁo ths seotmn or smtmns of the
stneam below the gage which determine; the stage-discharge redation
at the gage. Itshould beneted that the eontrol may riot be the saxe
sectian or sections at all stages.
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*The “point-of zero flow’ for a given gaging station is that point
on’ the g&.gewthe ’gagp hertht whwh waber oeases to ﬁow over
the cmmol ‘ S

; EXPLANATION 0F DATA STRTII SRS PR

The daita presented in this report cover the two-year perxod begm-
ning October 1, 1918, and ending Septémber 30, 1920. At the
begmmng of January in most parts of the United States much of the
preclpltatmn in the precedmg three months’is tored 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

,avmlable for run-off 'is possibly a smiall quantlty in the ground;
 therefore the run-off for the year beginning October 1 is practxcally
all derived from precipitation within that year.

“The base data collected at gaging stations consist of récords of
stage, measurements of discharge;, and general iriformation used to
supplement the gage he1ghts and ‘discharge measurements in deter-
mining the daily flow.’ The records of stige are obtained either from
direct readings on a staff or chain gage or from a water-stage recorder
that gives a continuous record of the fluctuations. Measurements of
discharge are madeé with a current meter. - (See’Pls. I, II) The
genera.l methods are outlined in standard textbooks on, the measure-
mént 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 ‘'gage heights, give the discharge fromi which the daﬂy, monthly,
and yearly mean discharge is determined. -

.~ The data presen;;ed for each gaging station in the area covered by
thls 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 dlscharge
and run-off;

If the base data are msufﬁclent to determme the daily discharge,
tables giving daily gage helghts and results ‘of dwcharge messure—

ments are published.
. The description ofi the station gives, in addition to: statements

regardmg location and equipment, information in regard to any con-
ditions 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 drmug, shifting .of control, and the cause and effect of back-

‘water; it gives also:informabion as to diversions that decresse:the. .
flow: at. the gagé, artificial regulation,: maximum and minimum-

rasorded stages, and the accuracy of the records.
Many gaging stations on streams jn the irrigated sections of the
United States are located above most of the diversions from those
97418—25}—wsPp 509—2



4 SURFACE WATER SUPPLY, -1919~1920, PART IX

streams, and the discharge-recorded does not shew the water supply
available for further development, as prior appropriations: below the
stations must first be satisfied. To give an idea of the amount of
prior appropriations, 'a’ paragraph on diversions-is presented in each
station description. . The figures given can not be considered exact
but represent the best information available. =,

The table of dally dl,scharge gives, in general, the dlscha.rge in
second-feet correspondmg to the mean of the gage heights read éach
day. At stations on streams- sub]ect to sudden or rapid diurnal
fluctuation the discharge obtained from the ratmg table and the
mean daily gage, helght qay not be the trie mean dlscha.;'ge for the
day.. If such stations are eqmpped with Water-sta,ge recorders the
mean daily dlscharge may be, .obtained by averaging dlscharge at
regular intervals durmg the day, or by using the discharge mtegmtor,
an instrument. operating on the principle of the planlmeber s.nd
contalmng as an essential element the _rating curve of ‘the station.

‘In the table of monthly d1scBarge the column headed K Maximum”’
gives the mean ﬂow for the day when the mean. ‘gage height was
highest, As the gage helght is the mean for the dey it does nof
indicate. correctly the stage when the water ,sur,fa,ce was at, crest
height, and the correspondmg 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 helght was lowest, The column headed
“Mean" is the average flow in,cubic feet for each second. durmg the
month. On this average ﬂow computatnqns recorded in the remam—
ing columns, which are deﬁned on page 2, are based.

RN EE 6

ACCURACY OF FIELD DA‘I‘A ANI) COMPUTED RESULTS

_The accuracy of stream—ﬂow date depends pnmarlly (1) on; the
permanence of the stage-dischayge relation and (2) on the accuracy of
observation of stage, measurements of flow, and mterpret&tlon of
records.

A paragra.ph in the descnpthn of the sta,tlon or footnotes a.dded
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 (6) methods of applying da,xly ga,ge helghts to
the rating table to obtain the daily discharge.t - :

For the rating tables:‘“well defined ”’ indicates; in geneval that thef
rating is probably accurate within 5 per.cent; * fairly wel definad,”.
within 10 per cent;: ‘fpoorly defined,”” within 15:to 25 per: cent

1 For a more detailed discussion ot the aecumy of stream ﬂow dats see Grover N C a.nd Hoyt, J ,,C o
Accuragy of sttéam-flow datat U 8 Geol su:vey Waur-ﬂumsly Paper 106, pp 53-50, w18 -
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These notes are very general and are based on the plotting of the
individual measurements with reference to the mean-rating cm‘ve. .

"The monthly means for any station may represent with hlgh accun,
racy 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 subyect to gross errors caused by t;h inclusion of large noncon-
tributing districts in the measured drainage area, by lack of infor-
mation 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 stations on streamg
draining areas in which the annusl rainfall is less than 20 inches.
Al figures representing ‘ second-feet per square mile” and /“run-off in.,
inches” published by the Survey in early reports should be used with,,
cgution because of possible inherent. sources of error not known to the
Survey.

The table of monthly discharge glves only .a general 1dea 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 pubhshed ,

PUBLICATION S

Investigation of water resources by the Unlted States Geological
Survey has consisted in large part of measurements of the volume of
flow of streams and studies of the conditions affecting that flow, but
it has comprised also investigation of such closely allied subjects as
irrigation, water storage, water powers, underground watérs, and
quality of waters. Most of the results of these investigations have
been published in the series of water-supply papers; but some+have
appeared in the bulletins, monographs, professmnal pa,pers, a.nd an-
nual reports.

The results of stream-flow measurements are now published annu-
ally 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. C

II. South Atlantic slope and eastern Gulf of Mexico basins.

- IIL. Ohio River basin. G e ;

IV. St. Lawrence River bagin. ., 'y

_ V. Upper Mississippi River and Hudson Bay ba.lms

VI. Missouri River basin.

- VI Lower . Mississippi River basin.
VII1. Western. Gulf of Mexieo, basins. ..~

3
i3
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IX. Colorado River basin. . . o
X. Great Basin. 4
XI. Pacific slope basins in California .
XII North Pacific slope basins, published in three volumes:
: A, Pacific slope basins in Washington and upper Columbla River basm
B, Snake River basin. ‘
C, Lower Columbia River basin-and Pacific slope basms in Oregon. .

Water-supply papers and other publications 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 Direc-
tor 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 Superintend-
ent of Documents, Government Prmtmg Oﬁice, Washington, D. C
who will on a.pphcatlon furnish lists giving prices.

3. Sets of the reports may be consulted in the libraries of the prin-
cipal cities in the United States.

4. Complete sets are available for consultation in the local 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., State House.

Asheville, N. C., 316 Jackson Building.

Chattanooga, Tenn., 37 Municipal Building.

Columbus, Ohio, Brown Hall, Ohio State University.
Chicago, Ill., 1404 Kimball Bulldmg

Madison, Wls care of Railroad Commission of Wisconsin.
Ames, Towa, Sta.te Highway Commission Building.
Rolla, Mo., Rolla Building, School of Mines and Metallurgy.
Topeka, Kans., 23 Federal Building.

Helena, Mont., 52 National Bank 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, Wasgh., 406 Federal Building.

Portland, Oreg., 606 Post Office Building.

San Francisco, Calif., 328 Customhouse.
' Los Angeles, Calif., 600 Federal Building.

Tucson, Ariz., 210 Agricultural Building, University of Arizona.
Austin, Tex., State Capitol.

Honolulu, Hawau, 25 Capitol Building.

A list of the Geological Survey’s publications may be obtamed by
applying to the Director of the United States Geologlca,l Survey,
Washington, D. C.

Stream-flow records have been obtained at about 5, 000 pomts
in the United States, and the data obtained have been published in
the reports tabulated on pages 7 and 8.
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Stream-flow data in reports of the United States Geological Survey
{A=Annual Report; B=Bulletin; ‘W-Wabe}'-BupPlY Paper] )

Report Character of data " Year
Descriptive information only..______.___._ P,
Monthly discharge and descriptive information. | 1884 to Sept., 1880,
. L [ R, --| 1884 to Juns 30, 1891,
Mean disc] insecond~feet ... ___.__._..__.._.._.._ .| 1884 to Dec, 31, 1892,

Monthly discharge (long-time records, 1871 to 1893) . ... 1888 to Dec. 31, 1863,
Deseriptioris, measurements, gage heights, and ratings.__ 1803 and 1864,
Deseriptive information'only. .. .. ... o :
Descriptions, measurements, gage heights, ratings, and monthly { 1805, J
discharge (also many data covering earlier years). .
Gage heights (also gage heights for earlier years) . . ... ........... 1896.
Descriptions, measurements, ratings, and monthly- discharge | 1895 and 1806.
(also similar data. for some earlier years) .
Deseriptions, measurements, and gage heights, eastern United. | 1897.
\ States, eastern Mississippi River, and Missouri River above cel
junction with Kansas. .
Wi6. - Descriptions, measurements, and %:sge heights, western Missis- | 18970
sippi River below junctien of Missouri and Platte, and west-
ern United States.
th A, pt. 4..__| Descriptions, measurements, ratings, and monthly discharge | 1897.

(also some long-time records).

WoTl | Measurements, ratings, and gage heights, eastern Uniteci States, | 1898.
eastern Mississippi River, and Missouri River.

W2 . Measurements, ratings, and gage heights, Arkansas River, and | 1898.
western United States.

20th A Monthly discharge (also for many earlier years) .. ..............] 1808,

W 35 i Deseriptions, measurements, gage heights, and ratings._ 1898,

218t A, Monthly discharge. ... ____.________.___..._..__ 1899.
W47 - Descriptions, measurements, gage heights, and ratings 1900.
224 A, pt. 4 Monthly discharge 1960.
W 65, 66 Deseriptions, measurements, gage he 1001,
W5 .i Monthly di 1961.
W 82to 1602,
W 97 to 1903.
W 124 1604,
W 165 1905.
W 201 1908,
W 241 1907-8.
W %1 1800.
W 281 1810.
W 301 1011
W321¢03832. .. | .. QO 1052
W 31460362, .| - ..Q0. o 1913.
WoBBLE0 804 _ | oo s 1014,
LA N TN T S U s TP 1915..
W 431 te 1916,
W 451 to 1817,
W 471 o 1918. -
W 501 to- " 1919-1920.

The records at most of the stations discussed in these reports
extend over a seriés of years, and miscellaneous messurements 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 in general be found
in the reports covering the years during which the station was main-
tained. For example, data for Machias River at Whitneyville, Me.,
1903 to 1920, are published in Water-Supply Papers 97, 124, 165, 201,
241, 261, 281, 301, 321, 351, 381, 401, 431, 451, 471, and 501, which
contain records for the New England streams from 1903 to 1920.
Results of miscellaneous measurements: are published by ‘drainage
basins. :
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“UiOGOOPERNTION < "</ 1

The work in Arlzona, ffﬁah “and W"yommg was carried on under
cooperativeé agréement Hei:ween ‘the United'States’ Geological Survey
and the States, and’special ackriewledgments are due to the cooperat-
ing State officials, G. E. P. Smith, irrigation. engineer, of the Arizona
State Agnculi'.ura.l Experiment Station ‘G.: F. McGonagle, State
engineer of Ufah; and F. C. Emerson, State engineer of Wyomlng

. The State engineer of Colorado, A. J.. McCune, cooperated in the
maintenance of the stations on Williams Fork near Parshall, Gunnison
River near Gunnison, Tomichi Creek at Sargents; Leroux Creek near
Lazear; Surface Creek at Cedaredge, Dolores River at Bedrock ‘and
San Miguel River at Naturita.

In Colorado the Umted States Forest Serv,lce furnished the services
of a hydrographer for part time during the winter. The water-stage
recorders on Blue River at Dillon, on Eagle River at Eagle,and on.
Uncompahgre River ‘at ‘Ouray and below Ouray were attended to
by an employee of the Forest Service. '

Financial assistance has been rendered by the Umted States Office -
of Indian Affairs in Utah and on North Fork of Whlte Rlver at
Whiteriver, Ariz.

*Finamncial assistance has been rendered by the Colorado Power Co.
(Colorado River at Glenwood Springs, Colo.), Western Colorado.
Power Co.(Uncompahgre River at Ouray, Colo.), Redlands Irmgatlon
& Power Co. (Gunnisen River near Grand Junction, Cole.); Fruitland
Irnga,tlon Co. (Crystal Creek near Maher Colo ) and Vemal Mlllmg

& Light Co.
DIVISION OF WORK

Data for stations in Arizona wete collected under the dlrecthn ‘of
C. E. Ellsworth, district engineer ta November 28, 1918, and H. D.
‘McGlashan, district engineer after that date; who were assisted by
J. F. Kunesh, C. W. Sopp, and H. D. Empie. The records were
compiled and prepared for publication under the direction of H. D.
MeGlashan and R. €. Rice, district engineers, who were asmst.ed by
J. F. Kunesh, William Kessler, and J.-H. Gardiner.

. Data for stations in Wyoming and Colorado were colleeted and .
prepared for publication under the direction of Robert Follansbee,
district engineer, assisted by P. V. Hodges, J. B. Splegel T. J. Wat-
kins, H. E. Grosbach, and Miss Esther M. Dye.

Data for stations in Utah were collected and prepared for publica-
tion under the direction of A. B: Purton,  district engineer, assisted
bny E. Dickinson, L. W. Jordan, J. J. Sanford J. W Bones. R. R
Rowe, B. F. Rush, and E. C. Howard L A
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GAGING-STATION :RECORDS .
COLORADO RIVER usm

COLORADO RIVER AND' TRIBU’I.‘AB.IES AJBOVE GBEEN RIVER’
COLORADO RIVER AT -HOT:SULPAUR SPRINGS, COLO. ; T

Locarion.—In sec. 2, T. 1'N., R. 78 W., atthighway bridge near Denver & Salt
Lake Railroad. station at Hot Sulphur Springs, Grand County.:
DraINAGE AREA.—T785 square miles (revised;. mea.sured on Co}orado base map,
gcale 1: 500,000).
RECORDS AVAILABLE.—July 32,1904, to September 30, 1909 September 23 *1910
to September 30, 1920.
Gage.—Chain gage on downstream side of bridge;: read by G C. 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 wa.dmg o
CHANNEL AND coNTrRoL.—Bed composed of well-compacted gravel. ‘Cotitrol 150
feet downstream; shifting at Tong intervals. ' Banks not subject to overflow::
EXTREMES OF DISCHARGH.—Maximum stage recorded' during year -ending:
September 30, 1919, 5.45 feet at 9 a. m. May 29 (discharge, 3,620 second-;
feet); minimum discharge occurred during winter.

Maximum stage recorded during year ending September 30 1920 7.25'
feet at 5 p. m. June 9 (discharge, 6,750 second-feet); minimum dlscha.rge
occurred- during winter.

1904-1909; 1910-1920: Maximum stage recorded, 8.5 feet at noon June 14,
1918 (discharge, 8,770 second-feet); minimum discharge occurs during
winters (estimated at 63 second-feet on February 15, 25, and 27, 1908) .

Ice ——Stage-dlscharge relation seriously -affected by ice.
Drversions.—Court decrees for diversion 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
10,100 acre-feet was diverted during 1919, and 15,200 acre-feet during.1920,
ReguLaTioN.—Diurnal fluctuation during spring of year from alternate meltlng
and freezing of mountain snow. No artificial regulation.
Accuracy.—Stage-discharge relation slightly shifting; seriously affected by ice. &
Standard rating curve well defined; applied mdlrectly owmg to_shifting
control October 1-31, 1918, and June 21 to August -5, 1920." Gage read te’
hundredths twice daily. Dally discharge ascertained. by "applying mrean
..daily gage height to rating. table except for periods. of ice effect for which,
discharge was ascertained as noted in footnote to table of daily dxscharge,
and except for périods for which shlftmg-control method was used. * ‘Records
excellent except for periods of shifting control, for whmh they are good and
periods of ice effect, for whieh they are fair. Lol il

Dzschargs measurcments of Colorado River at Hot Sidphur Kmngs, C’olb dana
 the years ending Sept. 30, 1919 and 1920 . .

: WA Dl | ' S
Date . Made by— heicht eharge Date. | Made by— J
1018 C Feet | Seot. || 1020 | T Feet | Sec.gt,
Oct, 12| P. V. .Hodges...........| - 236 || Jan, 1| T T Wtk 2718
Jan 38 do 3.04 108 || Jiy 3 |E Y odees- oo oo AR 20
RN TR e ; L T S ) !
Feb. 11 | T. J. Watkins... 3,46 103 || 7 0--s KRS
July 9| JI.'B. Spiegel. 2.84 625 ' : ;
Oct, 15| P. V. Hodges. 127" 1.89 205

« Stage-discharge relation affected by ice.
2 By act of Congress the name of Grand River was changed to Colorado River, July 25, 1921,
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Daily discharge, in second-feet; of Colorado River at Hot Selphur Springs, Colo., forr
the years ‘ending Sept. 80, 1919 and. 1920

Day , | Oct. | Nov. | Dec, | Jan. | Feb. | Apr. | May | June | July | Aug. | Sept.
1918-19 '

1 337 288 J 372 820 | 2,390 940 | . 5801 . 18L
337 240 | oo 440 900 | 1,770 900 810 195
357 240 JR TR, 440 780 | 1,440 900 840 196
387 240 330 820 | 1,340 900 780 188
378 810 | oL - 350 780 | 1,150 860 | 580 192
424 1,020 | 1,060 820 520 198
424 1,060 | 1,080 820 395 188
424 080 | 1,150 740 395 192
378 080 | 1,340 670 395 192
424 080 | 1,440 360 231
1924 900 | 1,890 520 330 40
378 860 | 1,800 480 275 276
357 900 | 1,800 850 258 292
357 980 | 1,800 580 246 350
317 1,200 | 1,800 465 234 350
208 1,290 | 2,010 465 222
208 1,550 | 1,800 485 213 231
208 1,800 | 1,890 418
280 2,130 | 1,800 490 225 213
263 2,300 | 1,890 372 213 208
280 2,810 | 1,550 350 213 205
298 2,950 | 1,440 350 208 181
317 3,100 | 1,440 350 222 181
208 3,250 | 1,340 330 108 183
280 3,100 | 1,150 292 195 183
263 3,250 | 1,150 202 205 188
263 3,100 | 1,060 310 200 183
298 3,250 [ 1,100 372 98- . 183
263 3,400 | 1,020 372 177 183
298 3,250 | 1,020 418 167 183
240 P A 580 169 ...,

. 84 88 110 440 5,680 | 3,550 780 418
.8 | 88 106 | - 418 670 | 4,860 [ 3,400 780 395
85 87 104 305 | 1,080 | 4,520 | 3,250 860 372
‘88 ( - 86)- 103| -395) 1,060 | 4,180 { 3,100 260 372
88 85 102 413 | 1,440 | 4,520 | 2,950 860 350
K i
85 84 101 440 | 1,440 | 4,520 | 2,260 705 350
83 83:|.. 100 7401 2,010 | 4,600 | 2,000.|- 765 | 418
82| ,.8|. 100 080 | 2,010 | 5,400 1,890 520
811 85 101 | 1,240 | 2,130 [ 6,660 | 1,660 { - 580° 465
82 87 101| 1,240 | 1,890°| 5840 | 1,850,| 580 418
85 89 101 L,280: 1,770 | 5,580 | 1,550 640 305
88 91 102 1,240 1, 5,220 | ‘1,340 [ 580 372
92 93 101 | L1081 1, 4,520 1 1,440, 480 330
92 95 1 1,100 | 2,010 | 3,860 | 1,240 490 310
92 98 104 1,200 2,130 | ‘3,700 | "1,200 }:° 640 300
92 102 110 | 1,100 | 2,260 | 5,040 | 1,160 | 580 201
921 104 15| 1,100 | 2,530 [ 4,520 | 1,240 465 gz
92 107 120 5201 2,810 | 4,180 | 1,150 | 465 3
92 110 122 4900 | 3,100 | 3,700 1,150 550 264
93 06| 120 465 | 3,860 | 3,250 980 820 282
95 102 110 465 | 4,180 | 3,820 8601 9401  Us8
951 99 104 440 | 4,350 {73,620 900 820 | . 360
95 R 99 418 | 4,520 | 3,620 900 740 | . 350
95 ' o8 08 350 | 4,350'1 3,620°1,240 | 640 350
95 104 98 310 | 4,690 | 3,780 | 1,440 490 | 395
107 99 268 | 5,400 | 3,780 | 1,150 418.| 350
102 108 102 295 | 4,690 | 33780 980 5200 330
107 110 105 268.( 4,350 | . 3,780 gm 490 | 310
114 114 106 202} 5,400 | 3,780 80 490 | 310
110 114 258 | 5,400 | 3,620 740 485 310
. 98 113, .| 5,580 |..... -l 670 440} ...

Norte.—8tage-discharge relation affected by ice Nov. 8, 1918, to Apr. 2, 1919, and Oct. 28, 1819, to Apr. 5,
1020. Discharge, Nov, 8-30, 1918, Apr. 1, 2,.1919, Oct. 28, 1919, to Feb. 29, 1920, and Apr, 1-5, 1820, ascer-
.tained by means of disc measurements, gage-height and temperature records, ang observer’s notes.
Mean by means of dischatge measurements, gage-height and temperature recerds, and observer’s
notes, as follows: December, 1918, 122 secgud-feet; January, 1919, 108 second-feet; February, 1919, 101 -
second-feet; March, 1919, 125 second-feet; and March, 1920, 342 second-feet. Gage not read Aug. 14-15,
1910, and Sept. 15~18, 1020; discharge interpolated. e . -

%
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Monthly dzscharge of Colorado. River at Hot Sulphur Sprmgc, Colo., for the years
‘ending Sept. 30, 1919 and 1920 -

Discharge in second-feet
Run-off in

Month acre-feet
Maximum | Minimum | Mean

1918-19

BEEE

=
[
(=3

BuooaBE

-
g5

& .isz,a%
g| 85888882

-
=GN O

-
-,

HEEEES

NoTE.—See footnote to table of daily discharge.
COLORADO RIVER AT GLENWOQOD SPRINGS, COLO. '

Location—In sec. 9, T. 6 8., R. 89 W., at Glenwood Springs, Garfield County.
No Name Creek enters Colorado Rlver 2 miles sbove station and Roa.rmg
Fork half a mile below.

DRAINAGE AREA.—4,560 square miles (revised;measured on base map of Colorado),
RECORDS AVAILABLE.—January 1, 1900, to September 30, 1920; 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 employee of United States Forest Service.

See Water-Supply Paper 175 for description of early gages and gage used in_

1905, which was also used until May 17, 1910. No change in gage datum.
DiIscHARGE MEASUREMENTS.—Made from cable beneath State Street Bridge, a
third of a mile below gage.
CHANNEL AND CONTROL.—Bed ecomposed of well-compacted gravel, on which silt

is deposited. Control at rifle 300 feet downstream; slightly shlftmg.v

Banks not subject to overflow except at extremely high stages.:
EXTREMES OF DISCHARGE.—Maximum stage during year ending September 30,
1919, from water-stage recorder, 8.4 feet at noon May 29 and 30 (discharge,

12,300 second-feet) ; minimum stage, 1.8 feet at 6 p.m., March 9 (dlscha.rge,

135 second-feet).

Maximum stage during year endmg September 80, 1920, from water-
stage recorder, 11.2 feet at noon June 1 (discharge, 24,300 second-feet);
minimum stage, 1.78 feet at 2 p. m. March 28 (discharge, 110 second-feet).

1900-1920: Maximum stage recorded, 12.55 feet at noon June 14 and 15,

. 1918 (discharge,’ 30,100 second-feet) ; minimum 'discharge recorded in 1920.
Ice —Stage—dlscharge relation not affected by ice. Hot Water from springs keeps
river open.

&Nﬁ
§|s88888888382
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Diverstons.+~—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. : )

RecuLaTION.—Shoshone power plant of Colorado Power Co., 7 miles upstream,

controls flow during day-at low water, but has msuﬂ?lclent pondage to. con-
trol it for more than a few hours. B

Accoracy.—Stage-discharge relation for low stages cha.nged slightly during high

water of May and June, 1920. Rating curves.used prior and subsequent to
change well defined. Opeération of water-stage recorder fairly satisfactory
(see footnote to daily-discharge table). Daily discharge ascertained by
applying to rating table mean daily gage height determined.from recorder

. graph by inspection or, for days of considerable fluctuation, by averaging

bi-hourly discharge, except for periods during whieh 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.

CooreraTioN.~—Gage-height record furmshed by United States Forest Service.

Dzscharge measurements of Colorado River at Qlenwood Springs, Colo., during the

years ending Sept. 30, 1919 and 1920

Date Made by— horght | charge || Dote Made by— neight | charge
1918 Feet | Secft. || 1919 U Feet | Secoft.
Nov. 23 | Robert Follansbee____.| 3.80 1,110 )f Oct. 24 | T.J. Watkins_.._..___. 3.71 1, 230
Dec. 30 | T.J. Watkins...._..... 3.30 744 || Nov, 20 | Robert Follansbes.....| 3.80| ‘1,150

Daily discharge, in second-feet, of Colorado River at Glenwood Springs, Colo,, for the

years endmg Sept. 80, 1919 and 1520

Day Qct. | Nov. | Dec. | Jan. { Feb. | Mar. | Apr. { May | June | July | -Aug. | Sept.
1918-19

1 680 | 1,320 880 730 758 | 642 2,450 | 4,030 | 9,060 | 3,400 | 2,170 904
500 | 1,290 838 688 758 660 | 2,520 | 4,140| 7,420 | 3,300 | 2,310 987
620 | 1,330 896 624 745 648 1 2,310 | 4,140 | 6,200 3,710 { 2,760 | 1,000
620 { 1,330 | 1,070 786 745 654 | 2,050 | 3,920 | 5,500 | 4,140 | 2,930 880
1,560 | 1,380 904 786 735 630 [ 2,050 | 3,020 ) 4,980 | 3,600 | 2,600 | 1,030
1,560 | 1,440 | o036 |. 779 |. s08| 6542180 | 4,490 | 4,490 {3,200 ( 2,180 | 1,000
1,620 | 1,500 | 1,120 | 786 | 730 | 654 | 2,050 | 4850 | 4,260 3,110 | 1,020 | 928
1,560 | 1,240 | 1,080 786 702 7721 1,560 | 4,610 4,260 3,200 1,740 | 1,040
1,560 | 1,220 | 1,100 695 | 6711,300| 4,490 | 4,610 | 2,840 | 1,800 [ 1,030
1,560 | 1,170 | 1,080 | 705 | 667| 730 {1,180 | 4,370 | 4,080 | 2,520 | 1,680 | 1,000
1,620 | 1,140 960 744 744 | 1,150 | 4,370 | 5,500 { 2,310 | 1,620 | 1,050
1,680 | 1,130 808 751 695 75111,140 | 4,260 | 5770 | 2,240 | 1,560 | 1,140
1,620 | 1,140 824 751 1,110 | 4,260 | 5,910 | 2,180 | 1,500 | 1,090
1,500 | 1,130 764 793 714 758 | 1,220 | 4,610 | 5,010 | 2,380 | 1,380 | 1,260
1,440 | 1,150 772 714 730 920 | 1,440 | 5230 | 6,200 | 2,380 | 1,330 | 1,640
1,380 | 1,240 751 686 785 715 11,440 | 6,200 6,500 | 2,240 { 1,240 | 1,840
1,330 | 1,300 880 800 618 702 | 1,310 | 6,500 6,500 | 2,050 | 1,126 1 1,620
1,330 | 1,150 904 718 628 760 | 1,440 | 7,420 6,200 | 1,980 | 1,200 | 1,490
1,330 | 1,100 896 824 758 085 | 1,800 | 8,060 { 6,200 1,000 | 1,070 | 1,360
1320 | 1,050 802 800 674 1,170 | 2,450 | 9,400 | 5,770 | 1,800 | 1,020 | 1,220
1,310 | 1, 100 869 888 2,930 1 10,800 | 5,630 ( 1,860 { 1,030 | ‘1,230
785 | 808 3,300 | 11,200 | 5,230 | 1,680 | 1,070-f 1,370
786 4,030 | 11,600 | 4,980 { 1,560 978 | . 1,140

800 4,850 | 11,600 | 4,730 | 1,440 978 | 1,140
848 5,360 | 11,200 | 4,610 | 1,380 969 | 1,120
5,500 | 11,600 | 4,370 | 1,360 | 1,020 | 1,140

5360 | 11,600 | 4,140 | 1,500 | 1,020 | -.1,:110

5100 | 11,600 | 3,920 | 1,630 | 1,000 § - 969

4,370 | 12,300 | 3,710'| 1,760 | 1,000 | 1,030

4,030 | 12,300 | 3,600 | 1,900 |.1,000 996

0, 800 2,040 | . 928 oo vue
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Daily discharge, in second-feet, of Colorado River at Glenwood Springs, Colo., for
the years ending Sept. 30, 1919 and 1920—Continued.
Oct, | Nov. | Dec. | Jan. { Feb. | Mar. | Apr. | May | June | July Aug.]Sept.
996 | 880! o969 | e674| 76| 7Ol 7 1,860 | 23,800 {10,800 | 3,300 | 1,680
1,000 | 1,120 { 1,000 | 808 | 709 | 723 | 772¢ 2,450 | 22,500 (10,100 | 3,400 | 1,560
952 | 1,100 | 1,030 | 716 730 | 695 3, 20,400 | 9,750 | 3,400 | 1, 560
969 | 1,120 | 960 | 772 | 674 | 723 | 744 | 4,140 18,700 | 9,400 | 3, 1,740
936 (1,130 | 888 | 85| 660 695, 723 | 5630 18,200 | 9,060 | 3,710 | . 1,680
1,040 | 1,230 | o978 832 e81|. 744 | 824 6,060 | 18,700 | 8390 3'38 1,680
1,050 | 1,230 | 1,080 | 718 | 702| 5156 800 | 6,800 | 20,000 | 7,420 | 3, 1,740
1,030 [ 1,240 | "969| 600 737 | 642 944 | 7,420 | 21,700 | 6,500 | 3,110 | 1,800
1,030 | 1,040 | 920| 654 648 | 786 | 920 7,420 | 22,500 | 5910 | 2,840 | 1,920
L,030 | 980 904| 660 688 660|1,420| 9,400 | 22,500 | 5,630 | 2,600 | 1,920
L040 | 900| o12] e60| e667] 688 1,610 | 9,400 | 21,200 | 5520 | 2,760 | 1,860
1,020 990| 969| 600 654 800 1L,500| 8720 19,500 | 5,400 | 2,760 | 1,800
1,120 | 1,030 | 900 [ 730 | 667 808 | 1,440 | 8060 | 19,100 | 5,200 | 2,600 | 1,680
1,080 | ‘990 | 850 | 730.| 702| 540 1,550 | 8,720 | 18,700 | 5,180 | 2,600 | 1,620
L060 | 940 | 830| 880 | 648 864 (1,880 | 8,720 | 18,700 | 5,070 | 2,290 | 1,500
1,070 | 760 | "e30 | 800 | 702 737 (2,170 | 8060 | 18,200 | 4,960 | 2,100 | 1,500
1,110 1,080| 715| 840 751 1758|2130 | 8,060 | 17,000 | 4,850 | 2,000 | 1,500
1,120 | ,080 | 710 618 585 786 | 1,700 | 9,400 | 15,700 | 4,730 | 1,020 | 1,440
1,050 | 1,130 | 700 | 772 674| 758 | 1,400 ; 11,600 | 13,900 | 4,730 | 1,820 | 1,440
10| ‘9es | 7791 730 95| 808 | 1,250 | 13,000 | 12,300 | 4,370 | 1,700 | 1,500
1,080 | 1,010 | 695 | 695 832| 700 |1,260 | 16,500 | 11,600 | 4,030 | 2,000 | 1,500
1,030 | L020| 779 730 702 | 928 1,310 | 18,200 | 11,600 | 3,920 | 2,200 | 1,500
1,050 | 1,140 | 751| 730| 744 | 944 | 1,210 | 18,200 | 11,600 | 3,920 | 2,500 | 1,500
1,000 | 1,210 | 765| 709| 744| 896 | 1,210 | 18,200 | 11,900 | 4,140 | 2,650 | 1,500
1,020 | 1,210 | 612| 695; 612 800 1,230 | 19,100 { 12,300 | 4,610 | 2,300 | 1,620
978 | 1,220 | 848 | 51| 758 | 896 | 1,320 ) 21,200 | 11,000 | 5,500 | 1,900 | 1,620
1,060 | 960 | 896 | 730 | 500 | 928 | 1,180 | 20,800 | 11,200 | 5,910 | 1,850 | 1,620
1,100 660| 709| 737| 779 723|1,180 | 19,500 | 10,800 | 4,850 | 1,800 | 1,620
1,080 | 510| 786| 660 | 575 808 | 1,270 | 20,000 | 11,200 | 4,140 | 1,800 | 1,560
936 | 335 | 737| 654 | 772 | 1,440 | 21,700 | 11,200 | 3,920 | 1,800 | 1,560
969 | ... 730 | 744 |ooool- 765 |- vono- 23,000 |...___._ 3, 1680 .. ___

NotE.—Recorder not operating July 27 to Aug. 1, Aug. 11, 12, and Sept. 18, 19, 191

9; discharge inter -

lated. Recorder not operating Nov. 2-18 and Dec. 9-19, 1919, and Jan. 11-17, 1620; disc'harge determined
Recorder not operating May 3-5, July 11-16, and Aug. 16-28, 1920;
discharge aseertained by comparison with flow of Roaring Fork. Daily discharge ascertained by averaging
bi-hourly discharge Oct. 21, Nov. 17, Dec. 14, 20-22, 25-27, 30, 1918; Jan. 10, 15, 16, 18, 26, 28, Feb. 3-5, 13, 14,
16, 18, 23, 26, Mar. 9, 16, 18, 19, Nov. 30, Dec. 2, 28-31, 1919; Jan. 1-7, 18, 20., 21, 24, Feb. 2, 3, 6, 14-17, 19-21,
23, 24, 26, 28, 29, Mar. 1-6, 13, 17, 18, 20-22, 28, Apr. 3, 4, 6, 8, 1920

Monthly discharge of Colorado River at Qlenwood Springs, Colo., for the years
ending Sept. 30, 1919 and 1920

rom power output at Shoshone plant.

Discharge in second-feet

Run-off in
Month
@ Maximum | Minimum | Mean | 8cre-feet
1918-19
1,680 L0 1, 89, 200
1,500 751 1, 140 67, 800
1,120 554 52, 000
888 624 764 47, 000
811 618 40,
2,180 630 | 1,030 63, 300
5, 500 1,110 2,630 156, 000
12, 300 3,920 456, 000
g, 060 3,600 5370 320,000
4140 1, 360 144, 000
2,930 928 1, 490 91, 600
1,840 880 | 1,150 68,400
12, 300 554 | 2200 | 1,600,000
1,120 936 1,030 63, 300
1,240 510 1,010 . 60,100
1,090 612 51, 600
880 600 725 44, 600
832 576 691 39, 700
944 515 764 47,000
2,170 606 1,260 75,
23, 000 1,860 11,800 726, 000
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