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SURFACE WATER SUPPLY OF WESTERN GULF OF
MEXICO BASINS, 1917.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 14 reports presenting records of
measurements of flow made on streams in the United States during
the year ending September 30, 1917.

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

Provided, That this officer [the Director] shall have the direction of the Geological
Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

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

For gaging the streams and determining the water supply of the United States,

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

Annual appropriations for the fiscal years ending June 30, 1895-1918.

1 TR $12, 500
1806, - ettt iaaee e e aiacaaaa 20, 000
1897 t0 1800, inclusive. . ... .. ..ot 50, 000
1901 to 1902, inclusive. ... ...oovnoio i 100, 000
1903 to 1906, inclusive...... ... ... ... L. 200, 000
1907 . o e i 150, 000
1908 to 1910, inclusive........ ... .o il 100, 000
1911 to 1918, inclusive. .cceounniini i 150, 000

In the execution of the work many private and State organizations
have cooperated either by furnishing data or by assisting in collecting
data. Acknowledments for cooperation of the first kind are made
in connection with the description of each station affected; coopera-
tion of the second kind is acknowledged on page 9.

Measurements of stream flow have been made at about 4,240 points
in the United States and also at many points in Alaska and the
Hawaiian Islands. In July, 1917, 1,180 gaging stations were being
maintained by the Survey and the cooperating organizations. Many
miscellaneous discharge moasurements are made at other points. In
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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 avail-
able in water-supply papers from time to time. Information in re-
gard to publications relating to water resources is presented in the ap- .
pendix to this report.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or “dis-
charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, as second-
feet, gallons per minute, miners’ inches, and discharge in second-
feet per square mile, and (2) those that represent the actual quantity
of water, as run-off in depth in inches, and acre-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 (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in a given period were
uniformly distributed on the surface. It is used for comparing
run-off with rainfall, which is usually expressed in depth in inches.

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

The following terms not in common use are here defined:

“Stage-discharge rela’oion,” 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.

The “point of zero flow”” for a given gaging station is that point
on the gage—the gage height—to which the surface of the river falls
when the discharge is reduced to zero,
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EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1916, and ending September 30, 1917. At the beginning of
January in most parts of the United States much of the precipita-
tion in the preceding three months is stored as ground water, in the
form of snow or ice, or in ponds, lakes, and swamps, and this stored
water passes off in the streams during the spring break-up. At the
end of September, on the other hand, the only stored water available
for run-off is possibly a small quantity in the ground; therefore the
run-off for the year beginning October 1 is practically all derived from
precipitation within that year.

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 dis-
charge are made with a current meter. (See Pls. I, II.) The general
methods are outlined in standard textbooks on the measurement of
river discharge.

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when applied
to the gage heights, give the discharge from which the daily, monthly,
and yearly means of discharge are 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 discharge in
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid diurnal
fluctuation the discharge obtained from the rating table and the mean
daily gage height may not be the true mean discharge for the day.
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If such stations are equipped with water-stage recorders the mean
daily discharge may be obtained by averaging discharge at regular in-
tervals during the day, or by using the discharge integrator, an
instrument operating on the principle of the planimeter and contain-
ing 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 computations recorded in the remaining columns, which
are defined on pages 6, are based.

The deficiency table presented for some of the gaging stations
shows the number of days in each year on which the mean daily
discharge was less than the discharge given in the table. By subtrac-
tion the table gives the number of days each year that the mean
daily discharge was between the discharges given in the table and,
also by subtraction, the number of days that the mean daily discharge
was equal to or greater than the discharge given. If one discharge
rating table was used throughout the period covered by the deficiency
table, gage heights that correspond to the discharges are also given.

ACCURACY OF FIELD DATA AND COMPUTED RECORDS.

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, measurement 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 reference 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 of run-off in inches
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may be subject to gross errors caused by the inclusion of large non-
contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation or other wuse,
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 (depth in inches)”’ are therefore not computed if such
errors appear probable. The computations are also omitted for
stations on streams draining areas in which the annual rainfall is less
than 20 inches. All figures representing ‘‘second-feet per square
mile” and “‘run-off (depth in inches)” previously published by the
Survey should be used with caution because of possible inherent
sources of error not known to the Survey.

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

COOPERATION.

The work of measuring streams in Texas during the year ending
September 30, 1917, was carried on in cooperation with the State
through the Board of Water Engineers, consisting of James C. Nagle,
chairman; John Wilson, and E. B. Gore.

The United States Reclamation Service and the United States
Weather Bureau gave assistance to the work in Pecos River valley,
Brazos River, and Colorado River basin, and upper Trinity basin by
furnishing equipment, records, and giving general assistance. A
large part of the equipment for the evaporation station near Austin
was furnished by the United States Weather Bureau.

The cities of Corpus Christi, Brownwood, and Austin, the Cuero
Commercial Club, the county of Comal, the San Marcos Utilities Co.,
the Imperial Irrigation Co., the Winter Garden Irrigation Co., the
Arlington Land Co., the Kansas City, Mexico & Orient Railroad, the
Pecos Valley lines, the Texas & Pacific Railway, the Gulf, Colorado
& Sante Fe Railroad, and the International & Great Northern Rail-
way have aided in collecting records by furnishing funds, or giving

general assistance.
DIVISION OF WORK.

The data for stations in Texas and southeastern New Mexico, in
the Pecos River basin, were collected and prepared for publication
under the direction of Glenn A. Gray, district engineer, assisted by
William Kessler, Russell J. Hank, Edgar O. Francisco, Edward P.
Congdon, junior engineers; and R. C. Thaxton,-Victor Lieb, and W.
C. Dodd, State hydrographers.
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The field data for the Rio Grande drainage basin in New Mexico
were collected under the direction of Robert Follansbee, district
engineer, by G. S. Cowdrey, jr. Ratings and computations were
made by S. B. Soulé and P. V. Hodges.

The manuscript was assembled and reviewed by W. E. Dickinson.,

GAGING=-STATION RECORDS.
TRINITY RIVER BASIN.
WEST FORK OF TRINITY RIVER AT BRIDGEPORT, TEXs

LocatioN.—At suspension bridge on Balsora-Bridgeport road, half a mile southwest
of center of Bridgeport, Wise County, a quarter of a mile above Chicago, Rock
Island, & Gulf Railway Co.’s pumping plant and 1 mile below mouth of Gentry
Creek.

DRAINAGE AREA.—1,060 square miles (revised).

REcorps AvarLaBLE.—October 1, 1914, to September 30, 1917. Record of stage has
been obtained by United States Weather Bureau from August 16, 1908, to Octo-
ber 16, 1915.

GaceE.—Weight and tape gage of the Mott type, fastened to downstream side of bridge,
56 feet from north end of guard rail; read by U. E. Byers.

D1scHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND coNTROL.—Bed composed of clay, gravel, and sand. Banks are high,
slightly wooded, and are overflowed at a stage of 25 feet. Channel straight above
and below station for 100 feet. Control is a rock outcrop three-quarters of a mile
below station.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.30 feet at 7
a. m. August 20 (discharge, 8,570 second- feet), no flow June 20-23, June 26 to
July 8.

1908-1917: Maximum stage recorded, 28.9 feet June 8, 1915 (discharge, not
determined); no flow in stream during several periods.

Tce.—None reported during year.

Drversions.—None above station for power development; extensive irrigation not
required as ordinarily the precipitation in the drainage basin is sufficient to
mature crops. The operation of the few small pumping plants along the stream
produces little noticeable effect.

REeauraTioN.—Flow unaffected by water-power plants, dams, or reservoirs above or
immediately below the station.

Accuracy.—Stage-discharge relation changed slightly. Rating curves well defined.
Two curves slightly different below 1,500 second-feet used, respectively, October
1-17 and October 18 to September 30. Gage read to hundredths twice daily,
Daily discharge ascertained by applying mean-daily gage height to rating table
Records good.

Discharge measurements of West Fork of Trinity River at Bridgeport, Tex., during the
year ending Sept. 30, 1917.

. Gage Dis- - Gage | Dis-
Date. Made by height. | charge, || Date- Made by height. | charge.
Feet. | Sec.ft. Feet, | Sec-ft.
Oct. 31 1.31 4.6 || Apr. 25 | R.J. Hank.............] 1.08 51.0
Jan, 4 1.13 1.8 || June 17 | R. C. Thaxton.. . .99 .6
Mar. 12 L1 1.0 || July 10 Gra and Fra.ncxseo. .. 1.84 25.9
Apr. 22| R.J. Hank. 1.53 11.5 || Sept. 6 | E.P.Congdon......... 2.73 126

@ Published in earlier reports as Trinity River at Bridgeport, Tex. b Estimated.
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Daily discharge, in second-feet, of West Fork of Trinity River at Bridgeport, Tex., for the
year ending Sept. 30, 1917.

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

Licecarenen 0.5 35| 15 29| 23| 43| 19 13 | 204 0.0 L 1.5

.5 29| 11 2.9 2.2 4.8 8.8 57 .0 .8 L3
.5 2.2 | 45 2.9 2.0 24 54 2.5| 53 .0 2.4 42
b1 2.1 16 3.1 2.0] 9.4 88 251 17 768 2.1 |1,340
.5 2.3 9.4 L2 2.0 5.8 463 2.0 12 475 19} 373
51 24) 50| L&) L9| 29|20 2.5| 55 734 L3 | 144
.5 2.5 2.3 2.1 2.4 2.1 50 7.6 4.3 | 288 67
5] 31| 21| L8| 29 20| 38 2.5 3.9| 194 |- 142 17
51 3.9 L9 L8] 3.1 L7 31 2.0 57 58 14
5 2.4 2.0 1.8 3.1 1.6 22 2.2| 14 29 14 80
5| 20] 22| L7] 3.3 L5| 56 2.21 9.7 16 9.71 79
2.0/ 20| 18] 33| L8| 43 2.4 50| 13 73] 12

20| 20| L8} 3.9 1.6| 48 2.41 2.5 9.4 .1 7.3

2.0 20| 20| 16 1.6 28 2.2 2.1 3.5 2.4 6.8

20! 21| 20| 25 151 19 21| 2.0 3.1 2.2 8.2

20! 20| 21) 10 1.4) 12 20 2.0 2,4 1.8 7.3

2.0 2.1 2.3 6.0 1.4 8.2 5.8 L3] 122 1.2 7.0

2.0 2.2 2.4 4.5 1.5 3.7 3.3 1.3} 181 530 6.2

200 2.1 2.4| 27| 14366 2.9 LO| 77 |[1,650 6.0

2.2 2.2 2.4 2.5 1.3 ] 187 3.7 .0 1,490 }2,410 5.5

103 2.2 2.4 2.4 1.2 46 78 .0 11,250 290 4.8

782 2.2 2.4 2.4 1.3 14 55 .0 806 221 4.1

221 2.2 24| 24| L1]| 50] 20 0 447 158 3.7

160 2.2| 24| 24| L1 2.4| 12 1.3] 334 120 3.1

83 2.3 2.4 2.2 11 2.0 9.4 .8 55 36 2.5

64 23| 24| 20| 10| 27| 17 0 32 14 2.2
40 2.4| 2.4 1.9 L7 6.2)314 O 19 9.4 | 532
33 2.4 2.4 1.8 L7111 127 .0 7.9 6.2 29

25 2.7 2.4]..... . 6] 20 15 .0 3.3 4.3 8.2

21 2.7 2.4|....... L7 20 |39 .0 L9 2.7 4.1

R 2.9 2.4 [aoeo... [3: 3 POOURU 236 |eeeene- L3 2.2 feeennne

Monthly discharge of West Fork of Trinity River at Bridgeport, Tex., for the year ending
Sept. 30, 1917.

Discharge in second-feet.
Toptal

Month. run-pff (in

Maximum. | Minimum. | Mean, | 3cT¢-feet).
2,080 0.5 186 11,400
782 2.0 52.6 3,130
45 1.9 5.07 312
3.1 1.2 2.24 138
25 1.8 4.24 235
44 .3 3.95 243
880 2.0 92.1 5,480
390 2.0 44.1 2,710
204 .0 13.8 821
1,490 .0 239 14,700
2,410 8| 194 11,900
1,340 1.3 9.0 5,590
2,410 .0 78.4 56,700
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BRAZOS RIVER BASIN.
BRAZOS RIVER NEAR GRAHAM, TEX.

LocaTioN.—At two-span steel highway bridge on Murray road, 6 miles above mouth
of Clear Fork, 10 miles west of Graham, Young County.

DRAINAGE AREA.—12,900 square miles.

Recorps AvaiLABLE.—November 13, 1915, to September 30, 1917.

GaGe.—Vertical staff on left downstrea,m corner of middle pier; read by Mrs. John
Timmons.

DiscHARGE MEASUREMENTS.—Made from upstream side of bridge or by wading.

CHANNEL AND coNTROL.—Channel straight above and below station. Bed is com-
posed of sand and clay; free from vegetation; shifting. Left bank high and not
subject to overflow; right bank is of medium height and is overflowed during high
stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 9.00 feet at 8 a. m.
October 17 (discharge, 3,600 second-feet; determined from extension of rating
curve and possibly subject to considerable error); no flow during several periods.

1916-1917: Maximum stage recorded, 9.50 feet at 6 p. m. April 2, 1916 (dis-
charge, 4,100 second-feet, determined from extension of rating curve, and pos-
sibly subject to considerable error); no flow during several periods.

Ice.—Slight amount of ice reported in December and January.

Drversions.—No information available to show that water is diverted above station
in any large quantity for irrigation; no diversions between station and mouth of
Clear Fork.

ReauLATION.—~Number of power plants and controlling works above station not
known; gage heights do not indicate that flow is regulated.

Accuracy.—Stage-discharge relation not permanent; not affected by ice during the
year. Rating curve poorly defined. Gage read to hundredths twice daily.
Daily discharge ascertained by applying mean daily gage height to rating table
directly October 17 to July-4; and by shifting-control method October 1-16
and July 5 to September 30. Discharge determinations above 2,000 second-feet
obtained from an extension of rating curve; subject to considerable error. Rec-
ords poor.

Discharge measurements of Brazos River near Graham, Tex., during the year ending Sept.

, 1917,
- Gage Dis- o Gage | Dis-
Date. Made by height. | charge. || P3te- Made by height. | charge.
Feet. | Sec.ft. Feet, | Sec. ~ft
Nov. 1| R.C. Thaxton......... 4.20 47.8 || June 16 | R. C. Thaxton.........J-uu.....
Jan. 3[R.J.Hank............ 3.56 5.3 July 9 Gre}y and Francisco....| 4.32 51 2
Mar. 13 | Vietor Lieb............ 3.45 .0 || Sept. 7 . Congdon......... 6.52 | 1,160
Apr. 23| R.J. Hank.......... [ IR .0
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Daily discharge, in second-feet, of Brazos River near Graham, Tex., for the year ending Sept.

30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.
) P 58 49 24 5.0 3.0 3.0 202 6.0 0.0 40 6.0 649
b 39 35| 23 4.2 3.0 50| 82 5.0 .0 24 5.0 444
. P 29 26| 20 6.0 3.0 6.0 | 136 .0} 8 106 5.0 223
[ 22 23| 15 5.0 3.0 3.0 106 01 47 223 5.0 269
[ S 17 231 15 5.0 3.0 3.0 24 01 24 1,430 8.5] 2,040
15 18] 12 5.0 3.0 3.0 7.0 O0f 17 354 7.0 ,600
13 18| 11 5.0 4.0 3.0 6.0 50 10 223 601 1,170

13 171 11 4.6 4.0 3.0 5.0 5.0 7.0 142 7.0 884
13 15 12 5.0 4.0 .0 5.0 4.0 50} 121 7.0 354
13 15{ 10 4.6 3.0 .0 4.0 .0 .0 13 7.0 236
12 13| 10 5.0 3.0 .0 5.0 5.0 .0 10 6.0 215
11 12| 10 5.0 3.0 .0 6.0 6.0 .0 6.0 5.0 195
16 12 10 4.0 3.0 .0 5.0 5.0 .0 5.0 4.6 2,49
13 14 9.4 6.0 7.0 .0 5.0 4.0 .0 4.0 4,0] 2,560
106 20 8.5 85| 10 .0 .0 .0 .0 4.0 3.0 1,32
16, e 684 17 7.3 8.5 7.0 .0 .0 .0 .0 5.0 3.0 1,240
17 i, 3,300 16 85| 8&5p 70| .0f .0 0| .0| 50| 4.0 1,000
18 2,490 15 7.3 8.5 7.0 .0 .0 .0 .0 4.0 4.0 804
9. 2,000 12 6.2 7.3 7.0 .0 7.0 .0 . 223 780 649
............. 1,360 10 7.0 7.0 5.4 .0 6.0 5.0 0 614 294 244
2.l 1,020 127 10 10 6.0 .0 5.0 6.0 0 106 82 184
22 860 20 8.5 8.2 6.0 .0 4.0 .0 136 29 166
23 509 23 7.0 7.3 4.0 .0 .0 .0 0 184 12 130
390 20 6.6 5.8 4,0 .0 .0 .0 .0 63 7.6 72
269 17 6.0 5.4 4.0 .0 .0 .0 106 40 5.0 47
191 12 5.4 5.0 4.0 .0 .0 .01 20 17 5.0 29

136 47 5.4 5.0 4.0 .0 .0 01 10 15 6.0 24
109 47 5.0 5.0 3.0 .9 .0 .0 8.5 8.5 7.0 24

87 42 4.6 3.8]. .0 .0 .0 6.0 5.0 8.5 24

74 29 4.6 3.0 .0 .0 .0 5.0 1.0 8.5 24

50 [eannn 5.4 3.0 0] 10 1 DO, 2.0 84 |.......

Monthly discharge of Brazos River near Graham, Tex., for the year ending Sept. 30, 1917.

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

October 3,300 11 449 27,600
November 49 10 21.6 1,290
December. 24 4.6 9.86 606
January. 10 3.0 5.78 355
February 10 3.0 4.55 253
ch........ 6.0 .0 .94 58"
April......... .0 21.0 1,250
\ S 6.0 .0 1.81 111
June.......... 106 .0 11.6 690
July. ........ 1,430 1.0| 1 8,180
August. 884 3.0 71.8 4,410
September 2, 560 24 644 38,300
The year 3,300 .0 115 83,100
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BRAZOS RIVER AT BRAZOS, TEX.

Location.—At Texas & Pacific Railway bridge half a mile northeast of Brazos, Palo
Pinto County, 1} miles above mouth of Palo Pinto Creek.

DRAINAGE AREA.—20,200 square miles (revised).

REcorps AvamasLe.—October 1, 1914, to September 30, 1917. Records of stage
have been obtained by the United States Weather Bureau since August 16, 1908.

Gage.—Vertical staff on northwest side of and one foot from upstream edge of pier
nearest the middle of the railway bridge; graduations above 4 feet painted on the
pier; read by L. W. Boyett.

DiscEARGE MEASUREMENTS.—Made from three-span highway bridge about 600 feet
below railway bridge or by wading.

CHANNEL AND CONTROL.—Bed composed of sand and gravel; shifts slightly. Right
bank high, rocky, wooded, and not subject to overflow; left bank composed of
sand, gravel, and clay, wooded, and medium in height, and subject to overflow
at high water. Channel straight above and below for several thousand feet.

ExXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.50 feet at 6 p. m,
October 18 (discharge, 9,400 second-feet); no flow April 7-14 and August 15-18.

1908-1917: Maximum stage recorded, 22.0 feet May 24, 1908 (discharge not
determined); no flow for several periods within period of records.

Ice.—Slight amount of ice reported in December, January, and February.

Drversions.—A few pumping plants have been installed along the stream for the
purpose of irrigating small areas, but water so pumped will not greatly affect the
flow of the stream.

ReeuraTioNn.—Flow unaffected by power plants, dams, or reservoirs above or immedi-
ately below station. Swamps and natural lakes are rare in the drainage basin
above the station.

Accuracy.—Stage-discharge relation not permanent. Two rating curves, fairly well
defined below 2.8 feet gage height were used for the year, applicable respectively,
October 1-16 and October 17 to September 30; high-water curve fairly well
defined below 18,000 second-feet. Gage read to half-tenths twice daily. Daily
discharge ascertained by applying daily gage height to rating table. Records fair.

Discharge measurements of Brazos River at Brazos, Tex., during the year ending Sept.

30, 1917.
Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Date: Made by— height. | charge.
Feet. | Sec~ft. Feet. | Sec-ft.
Nov. 2| R.C. Thaxton......... 1.40 194 June 18 | R, C. Thaxton......... 0.90 21.5
Jan, 5| R.J.Hank.... .80 11 8 || July 10 | Francisco and Gray....| 185 439
Mar. 14 | Vietor Lieb............ .70 2.4 || Sept. 5| E. P.Congdon......... 3.15 | 1,710
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Daily discharge, in second-feet, of Brazos River at Brazos, Tex., for the year ending Sept.

30, 1917.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

) P 32 236 22 11 2|1 2.8 | 246 102 2.8 | 146 124
........... 32 194 22 11 2| 1 1.5 | 246 102 .81 124 82
[ P, 32 146 22 11 16| 11 1.5 246 (1,090 .8 124 50
..... PR 32 102 22 11 11 1 L5} 246 648 .8 102 568
[ TR 32 82 22 11 11 4.0 15| 194 499 .8 63 1,700
[ 32 63 22 n 11 4.0 1.5 146 379 37 1,360
Teemacamaens 32 63 22 1n 1n 4,0 .0 | 102 102 11 1,760

8..... PP 32 63 22 1 11 4.0 .0 63 246 16 3,
| S 32 63 22 1 11 4.0 0] 63 740 324 11 1,580
0......... 32 63 22 11 11 4.0 .0 37 298 379 7.5 840
1) DO 32 63 22 1n 11 4.0 0] 37 246 194 4.0 499
120.......... 24 63 22 11 11 4.0 0] 22 194 124 2.8 298
| & SO, 24 63 22 1 n 4.0 .01 22 194 82 1.5 48
Moo...... 24 63 22 1 1n 4.0 0] 22 194 82 .8 740
15..... ceeees 24 63 22 11 11} 40! 15| 22 194 82 .0 | 1,960
) (T 24 63 n 11 11 4.0 L5 22 146 50 .0] 2,960
17 e, 1,890 63 1 11 1 4.0 L5 11 102 50 00 2,20
18..... PR 5,700 63 11 11 1 4,0 5] 11 30 50 L0 1,240
) L I, 5,580 63 11 11 1 4.0 82 11 16 170 102 840
200 . cu..... 4,930 63 11 11 11 4.0 30 4,0 16 [2,080 890 530
b2 DO ) 63 11 22 i1 4.0 22 4.0 16 840 246 408
22 ........ .o 2,150 63 11 22 n 401 11 4.0 16 350 690 324
2B..eeeen...] 1,640 63 n 22 1 40| 11 4.0 16 272 1,140 324
b S 1,240 37 n 22 11 4.0 11 4.0 16 220 468 324
25 iiaanns 1,040 37 11 22 11 4.0 4.0 4.0 16 220 272 298
26.ecnnn. 22 n 4,0 4.0 16 220 272 272
1 . 648 22 11 4.0 4.0 | 298 7.5 | 194 272
28eeniianaan| 499 22 11 4.0} 438 246 7.5 170 220 272
29, 396 22 11 4.0 | 298 194 7.5 | 170 170 246
30..ciaan... 340 22 11 - 4.0 298 146 2.8 170 170 220
Bleeecneea| 288 1)....... 1n 4.0 ..., 146 |........ 170 124 |...... .

Monthly discharge of Brazos River af Brazos, Tex., for the year ending September 30, 1917.

Di in second-feet.
ischarge in second-feet Run-oft
Month. (totalin
Maximum. | Minimum. | Mean. | 8Cre-feet).
5,700 24 1,020 62,700
236, 22 69.3 4,120
22 11 16.3 1,000
» 11 15.2 935
22 11 12.0 666
1 4.0 4.90 301
438 .0 41.0 2,440
298 4.0 93.1 5,720
1,090 2.8 197 11,700
2, .8 254 15,
1,140 .0 182 11,
3,280 50 877 52,200
5,700 .0 233 169,000
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BRAZOS RIVER AT WACO, TEX.

Locarion.—At suspension bridge on Bridge Street, in Waco, McLennan County,
just below Southern Traction Co.’s bridge, 2} miles below mouth of Bosque
River, 4} miles above mouth of Cottonwood Creek, about 9 miles above lock
No. 8, now under construction.

DRAINAGE AREA.—25,500 square miles (revised).

RECORDS AVAILABLE.—September 14, 1898, to December 31, 1911; October 1, 1914,
to September 30, 1917. Record of stage has been obtained by United States
Weather Bureau since August 9, 1900.

Gaae.—Chain gage attached to downstream guard rail of bridge about 70 feet from
southwest pier; read by A. E. Howell. Gage used from September 14, 1898, to
February 29, 1908, was an inclined staff gage under left end of bridge. In 1902 a
gage agreeing in datum with the'inclined gage was marked off on the north pier
of a new single-span highway bridge about 300 feet above the suspension bridge,
and was used for high-water readings. From August 9, 1900, to May 21, 1902,
the United States Weather Bureau used a vertical gage painted on the pier nearest
the center of the St. Louis Southwestern Railway bridge. From September 25,
1914, to March 23, 1915, during reconstruction of suspension bridge, chain gage
was on the one-span highway bridge. All gages were installed at same datum,
but readings probably differ slightly because of differences in position.

DiscHARGES MEASUREMENT.—Made from downstream side of first one-span highway
bridge above station.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; shifts. Banks are
clay, medium in height, have been improved by the city, and are overflowed
at extreme high water. Channel straight above and below for several thousand
feet. Position of control not known. Lock No. 8 will eventually form the con-
trol; effect at present is very slight.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.32 feet at
6.45 a. m. October 19 (discharge, 17,600 second-feet); minimum stage, 4.88 feet
6.50 a. m. April 19 (discharge, 49 second-feet).

1898-1917: Maximum stage recorded, 39.7 feet December 3, 1913 (discharge
not determined); minimum stage, 0.80 foot several days during February, June,
and July, 1911 (discharge, 4 second- feet)

Ice.—None reported dunng year.

Diversions.—So far as is known there are no diversions of any magnitude above
station. Small areas of land are irrigated above station, but quantity of water
diverted is only a smalk percentage of the total flow.

REecuraTioN.—None of importance.

Accuracy.—Stage-discharge relation not permanent. Rating curve used as basis
for ascertaining discharge by shifting-control method is fairly well defined. Gage
read to quarter-tenths once daily. Slight error may be introduced by taking
one daily gage reading as the mean for the day. Daily discharge ascertained by
applying daily gage height to rating table directly, February 23 to April 29; by
shifting-control method, October 1 to February 22, and April 30 to September
30. Records fair.

Discharge measurements of Brazos River at Waco, Tex., during the year ending Sept. 30,

1917.
Date. | Maoty— 0 | D | pae | maaeny— |04 | Dl
. Feet. Scc.-gt.
Oct. 30 | R.C. ’l‘haxton : June 15 | R. C. Thaxton......... 6,68 511
Jan. 6| R.J. Hank.. 5.35 107 July 11 | Francisco and Gray....| 6.66 604
5.29 83.7 {| Sept. 30 | E. P. Congdon......... 7.7 1,620

Mar. 15 | Victor Lieb.
Apr. 26 | R.J. Hank . .
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'Daily discharge, in second-feet, of Brazos River at Waco, Tex., for the year ending Sept. 30,

1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1..... PO 168 | 646 174 125 93 69 113 12,320 271 820 198 | 1,160
b . 178 522 190 125 81 7 1,440 306 745 178 | 1,100
I 168 | 456 194 140 79 73 75 973 | 2,060 | 652 158 | 1,080
L T 152 400 190 | 140 81 82 113 588 | 1,660 474 124 | 1,080
B 131 364 174 125 79 78 110 368 790 | 1,920 125 | 1,230
[ R 128 | 334 170 107 79 80 ik 274 522 574 95 768
R - 116 292 158 | 114 93 130 77| 242 678 [ 212 95 396
S 119 264 154 122 94 92 69 232 11,040 | 344 95 888
| S, 116 230 119 119 91 92 57 218]4,500| 210 95| 1,670

0.l 104 210 134 119 98 106 56 212 | 4,380 160 85| 2,560
Mo, 104 200 134 110 91 100 55| 4,140 1 1,790 | 555 225 | 3,390
120l 101 184 125 107 89 92 144 | 4,000 | 1,490 414 400 | 3,280
13, s 104 168 122 107 a1 92 73]1,460 | 946 260 | 355 | 2,380
Mool 101 164 134 91 98 73 83 919 594 330 110 | 1,350
) ¥ S 101 164 125 95 91 78 75 522 478 | 3830 75| 1,100
| 152 164 119 95 85 80 73 404 672 330 77 1 1,000
b ¥ (R 240 160 119 100 89 73 73 352 | 850 232 73 775
2 R 1,430 1481 119} 120 89 73 67 254 991 220 67 672
9. 13,900 144 119 118 89 73 49 228 964 232 74 910
.| N 6,900 | 144 125 120 85 80 69| 316 937 462 78| 2,900
21 e 4,930 144 110 82 67 919 919 208 74| 1,840
b S 5,350 700 107 80 69 11,260] 895 186 811 1,240
b ,800 | 700 110 82 63 973 858 | 148 88 910
24, ........ 2,940 27 110 73 63 | 1,010 760 | 1,300 84 715
- E 2,270 | 240 125 154 69 506 633 | 1,310 768 568
26 1,890 240 156 146 69 396 812 715 | 1,040 500
b1 SN 1,490 240 125 118 67 600 } 1,220 418 | 1,340 409
28 i 1,270 196 119 174 85] 3601 1,270 373 11,980 355
. D 1,130 176 119 136 | 1,320 288 | 1,050 264 11,450 | 1,270
B0 i 910 172 110 120 | 4,550 248 | "937 248 11,190 § 1,670
b3 PR (G T 119 102 )....... 2181.......1 210 1,250).......

Monthly discharge of Brazos River at Waco, Tezx., for the year ending Sept. 30, 1917.

i -feet.
Discharge in second-feet Run-off
Month. (total in
Maximum, | Minimum.{ Mean. acre-feet).
13,900 101 | 1,650 101,000
700 144 281 16,700
194 107 136 8,360
154 9 117 7,190
98 75 85.8 4710
174 69 95.3 5,860
4,550 49| 267 15,900
4140 212 846 52,000
;590 271 | 1,180 70,200
1,920 146 479 29,500
1,980 67 391 24,000
3,390 355 | 1,310 78,000
13,900 49 572 413,000

93838°—19—wsp 458—2
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Days of deficiency in discharge of Brazbs River at Waco, Tex., for the years ending Sept. 30,‘
1901-1910 and 1915-1917.

SURFACE WATER SUPPLY, 1917, PART VIII.

Dis- Days of deficient discharge.
sec-
ond-feet.| 1900-1 | 1901-2 | 1902-3 | 19034 | 1904-5 | 1905-6 | 1906-7 | 1907-8 | 1908-9 |1909-101914-15/1915-16{1916-17

100 ‘34
200 73
300 115
400
500
600
700 |.

800
900

~

£8888888888885888828288

B -
2519 500 TY S0 0O RO 4 e = 1,

%3com°

CLEAR FORK OF BRAZOS RIVER NEAR ELIASVILLE, TEX.

LocarioN.—At new suspension highway bridge 24 miles northeast of Eliasville, Young
County, 4% miles southwest of South Bend, 6 miles above mouth of stream, and
below all tributaries.

DRAINAGE AREA.—bH,650 square miles.

Recorps AvamABLE.—November 12, 1915, to September 30, 1917.

Gaee.—Chain gage attached to downstream side of bridge; read by Alice Vaughn.

Di1scHARGE MEASUREMENTS.—Made from bridge or by wading.

CHANNEL AND cONTROL.—Banks high, wooded, composed of clay and gravel, and not
subject to overflow. Bed composed of sand and gravel; free from vegetation.
Channel straight above and below station. A shoal about 600 feet below station
serves as control for low and medium stages; control shifts during changing stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 10.8 feet 5.15 p. m.
October 18 (discharge, 2,710 second-feet); no flow during a large part of the year.

1916-17: Maximum stage recorded, 18.2 feet 6 p. m. May 2, 1916 (discharge,
6,630 second-feet); no flow for extended periods.

Tce.—None reported during year.

Diverstons.—Much of thé land now irrigated above the station is in Jones and Taylor"
counties; two diversions are made for irrigation between station and confluence of
Clear Fork with Brazos River. Quantity of water diverted unknown. According
to the Second Report of the Board of Water Engineers for the State of Texas, the
Sweetwater Light & Power Co. has declared a storage of 216 acre-feet, and
Abilene Water Co. a continuous use of 1.5 second-feet of water in the head-
waterregion. :
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REeeurATION.—No large reservoirs above or below station. The operation of a water;
power grist mill 5 miles upstream produces some effect at the station.

Accuracy.—Stage-discharge relation not permanent. Rating curve fairly well de-
fined below 9,000 second-feet. Rating curve previously used for 1915-16 has
been revised on account of high-water measurements made in 1918. Gage read
to hundredths twice daily; observer’s work not entirely satisfactory; mean daily
gage height may not be true index of daily flow because of regulation for power.
Daily discharge ascertained by applying mean daily gage heights to rating table:
directly, November 12, 1915 to April 1, 1916, and May 2 to September 30, 1916
by shifting control method, April 2 to May 1, 1916, and October 1, 1916 to Sep-
tember 30, 1917. Records fair.

Records of daily and monthly discharge for 1915-16, based on revised rating curve,
are published herewith, and supersede those previously published.

Discharge measurements of Clear Fork of Brazos River near Eliasville, Ter., during the
year ending Sept. 30, 1917.

Date. Made by— norie | chomg. || Date: Made by— poacks, | oo,
Feet. | Sec.ft. Feet. | Sec.t.
Nov. 1| R.C. Thaxton.......... 4.02 29.9 [[ June 16 | R. C, Thaxton........| 2.97 4.0
H 0l July 9| Grayand Francisco....] 2.72 .3
8 Sept. 7| E. P. Congdon......... 3.34 25.1

e Estimated.

Daily discharge, in second-feet, of Clear Fork of Brazos River near Eliasville, Tex., for the
Yyears ending Sept. 80, 1916 and 1917.

Day. Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1915-16.

2.6\ 3.2 12| 16 585 | 302| 437 453 1 14 0.0

2.6 3.2 1.4 1.6 | 6,300 ] 6,280 200 278 | 14 .0

2.6 3.0 1.4 1.6 2,920 1,170 122 190 ¢ 12 .0

2.2 3.2 1.4 1.6 11,570 354 79 172 | 11 .0

23| 35 1.4 1641, 302 63 4910 10 .0

2.2 3.5 1.4 1.6 385 133 50 109 10 .0

2.3 2.9 1.7 1.6 130 120 47 86 | 10 .0

2.3 3.5 1.4 1.6 194 82 38 72 10 .0

2.3 4.5 1.4 1.6 144 58 33 52 6.8 .0

2.6 4.0 1.4 1.6 63 48 30 52 5.0 .0

....... 2.6 3.2 1.4 1.6 53 44 21 52 4.5 .0

6.4 3.2 3.2 1.4 1.6 43 44 21 52 3.5 .0

7.6 2.6 2.8 1.4 1.6 43 40 21 52 3.5 .0

4.0 2.4 3.5 1.6 1.6 43 40 15 43 3.5 .0

3.8 2.3 3.5 1.6 1.6 43 28 15 35 3.4 .0

4.8 5.0 4.0 1.4 1.6 43 24 222 35 2.6 .0

-5.0( 52| 3.2 1.4 1.6 43 24 106 3] 2.0 .0

4.5 5.8 1.2 1.4 1.6 43 24 71 35 .5 .0

5.0 5.0 1.2 1.4 3.5 43 17 51 35 .5 .0

5.5 5.5 1.4 1.4 2.0 43 17 4 33 .5 .0

- 4.0 5.0 1.4 1.4 2.0 43 17 44 31 .5 .0

3.8 5.0 1.4 1.6 2.0 43 17 44 31 .4 .0

3.4 5.0 1.4 1.4 2.0 39 17 58 27 .0 .0

3.8 5.0 1.6 1.2 2.0 37 16 57 27 .0 .0

3.5 5.0 1.4 1.2 2.0 37 26 52 27 .0 .0

3.4| 50| 1.4 16| 2.0 33 38 52 27 .0 .0

3.5 4.8 1.4 1.2 2.0 26 38 52 27 .0 .0

3.5| 4.5 1.4 1.2 2.0 29 38 27 .0 .0

3.2 4.2 1.4 1.2 2.0 291,040} 1,500 20 .0 .0

2.9 4.5 14 jeea.. 2.0 37} 4,410 | 1,000 14 .0 .0

....... 45| l4|.co.| 2.0]cece.f 2,700 el 14 0 feeeanen
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Daily discharge, in second-feet, of Clear Fork of Brazos River near Eliasville, Tex., for
the years ending Sept. 30, 1916 and 1917—Continued.

Day. Oct. Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.
1916-17
1 .0 2.3 0.8 0.0 0.0 0.0 0.0 0.0 | 147 0.8 0.8 5.2
.0 2.3 .8 .0 .0 .0 .0 0| 82 .6 .5 4,8
.0 2.3 .8 .0 .0 .0 .0 .0) 238 .5 .4 32
.0 2.3 .8 .0 .0 .0 .0 .01 200 .4 .3 97
.0 2.3 .8 .0 .0 .0 .0 2.0 | 166 4 .2 97
.0 2.3 .8 .0 .0 .0 -0 2.0 135 .4 .2 63
.0 2.3 .8 .0 .0 .0 .0 2.0 67 .3 .1 21
.0 2.3 .8 .0 .0 .0 .0 1.8 39 2 .1 13
.0 1.6 .8 .0 .0 .0 .0 1.8 29 .2 0! 100
.0 1.6 .8 .0 .0 .0 .0 1.7 22 .1 .0 79
.0 .8 .8 .0 .0 .0 .0 B2 .1 .0 63
.0 .8 .8 .0 .0 .0 .0 .0 16 .0 .0 53
.0 .8 .8 .0 .0 .0 .0 .0 9.6 .0 .0 46
.0 .8 .8 .0 .0 .0 .0 .0 5.2 .0 .01 133
.0 .8 .8 .0 .0 .0 .0 .0 4.2 .0 .01 100
.0 .8 .8 .0 .0 0 .0 .0 4.0 .0 .0 62
.2 .8 .8 .0 .0 .0 .0 .0 3.8 .0 .0 50
.8 .8 .0 .0 .0 .0 .0 3.4 .0 .0 41
.8 .8 .0 .0 .0 .0 .0 3.0 .0 1.7 33
.8 .8 .0 .0 .0 .0 .0 2.8 .5 208 26
.8 .S .0 .0 .0 .0 .0 2.4 | 127 35 19
.8 .8 .0 .0 .0 .0 1,300 2.4} 54 20 1
.8 .8 .0 .0 .0 .0 465 2.01 15 10 7.2
.8 .8 .0 .0 .0 .0 172 1.8 5.5 5.2 30,
.8 .8 .0 .0 .0 .0 135 1.6 4.5 3.0 3.
.8 .5 .0 .0 .0 .0 69 1.8 3.2 2.0 3.4
.8 .5 .0 .0 .0 .0 46 1.4 2.3 1.4 3.0
.8 .8 5 .0 .0 .0 .0 33 1.2 1.8 1.1 2.8
.8 .8 .5 .0 en .0 .0 22 1.2 1.7 6.0 2.4
.8 .8 .0 .0 .0 .0 17 1.0 1.4 8.4 2.2
1.3 PO .0 .0 0 ]eeann.. 726 |iee....| L1 7.2 eennaes

Monthly discharge of Clear Fork of Brazos River near Eliasville, Tex., for the years ending
Sept. 30, 1916 and 1917.

Discharge in second-feet.
: Run-oft
Month. (total in
Maximum. | Minimum. | Mean. | 8credeet).
1915-16.

7.6 2.9 4.29 162
5.8 2.2 3.75 231
4.5 1.2 2.49 153
1.7 1.2 1.40 81
3.5 1.6 1.82 112
6,300 26 473 28,100

6,280 16 565 )
1,500 15 154 9,160

453 14 73.9 4,
14 .0 4.14 255
.0 0 .00 0
8,300 o 121 77, 500

1916-17.

October.......oeaen. e MANenainisasacsianaa.censsssenas 2,690 0] 156 9,590
2.3 .8 1.25 74
.8 .0 .71 44
.0 .0 .00 0
.0 .0 .00 0
.0 .0 .00 0
.0 .0 .00 0
1,300 .0 96.6 5,940
236 1.0 40.5 2,410
127 .0 7.16 440
208 10.1 621
133 2.2 40.1 2,390
2,690 .0 29.7 21,500
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LITTLE RIVER AT CAMERON, TEX.

Locarion.—200 feet below city pumping plant, half a mile south of Cameron, Milam
County, 1 mile above Gulf, Colorado & Santa Fe Railway bridge, 6 miles below
mouth of San Gabriel River, and 25 miles above confluence with Brazos River.

DRrAINAGE AREA.—7,010 square miles (measured on topographic maps, Hill’s map of
Texas, and Post Route maps).

REcorps AvamaBLE.—November 1, 1916, to September 30, 1917.

Gaae.—Vertical and inclined staff; three sections, attached to trees on left bank a
short distance below home of pump man; read by Bert Petty.

DiscHARGE MEASUREMENTS.—Made from cable at gage or by wading.

CrANNEL AND ConTROL.—Bed composed of rock, gravel, and sand; permanent during
normal flow and free from vegetation. Banks clay and gravel; medium height;
wooded; subject to overflow only during extreme stages. Rock and gravel shoal
- 100 feet below gage serves as control for low and medium stages; subject to change
during flood stages.

ExTrREMES OF DISCHARGE.—Maximum stage recorded during year, 16.50 feet at 7 a. m.
September 7 (discharge, 5,860 second-feet); minimum stage, 0.93 foot at 7 a. m.
September 1 (discharge, 6.5 second-feet).

Ice.—None reported during year.

Drversions.—Small areas are irrigated in the upper drainage basin, but such diver-
sions have little effect on flow at station. Second Report of the Board of Water
Engineers for the State of Texas lists a filing by Cameron Power & Light Co. for
continuous yse of 5 second-feet with a declared consumption of 3,650 acre-feet
per annum for waterworks, light, and power in Cameron. During times of low
flow, water pumped by Cameron Power & Light Co. will affect the flow at this
station.

ReeuraTion.—None apparent beyond slight effect of pumping for city of Cameron.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined below
13,000 second-feet by discharge measurements made in 1917 and 1918. Gage
read to hundredths twice daily. Daily discharge ascertained by applying mean
daily gage height to rating table. Records good.

Discharge measurements of Little River at Cameron, Tex., during the year ending Sept.

30, 1917.
Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || D&te- Made by— height. | charge.

Feet. | Sec.ft. Feet. | Sec.-ft.
1.88 114 June 5 Hank and Franeisco. . 4.82 [ 976
1.70 89.0 5 4.62 918
1.78 96.3 6 3.28 477
1.78 96. 5 6 2.93 381
1.68 83.9 6 2.71 326
1.92 129 July 2.20 175
5.45 1 1,260 Ang 25 1.00 10.5
5.29 | 1,160 Sept. 29 1.18 26.8
5.15 | 1,100
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Daily discharge, in second-feet, of Little River at Cameron, Tex., for the year ending Sept.

30, 1917.

Day. Nov. | Dec. { Jan. | Feb. | Mar. | Apr. [ May. | June. { July. | Aug. { Sept.
112 94 93 80 87 53 352 78 40 7.0
109 99 87 81 86 49 245 65| 34 99
102 96 84 80 -80 62 216 55| 29 180
104 102 84 81 &0 565 | 1,040 48 | 25 752
102 100 82 81 80 481 | 1, 93| 22 (1,980
102 98 8 82 102 400 424 86 | 21 [4,490
104 98 87 87 262 221 72| 20 |5,190

98 29 90 82 176 160 55| 17 (1,480
96 96 93 81 119 180 169 39| 16 514
93 93 100 84 99 150 130 3| 14 361
93 93 99 87 134 112 31| 12 475
90 90 98 82 762 123 204 | . 31| 16 736
88 87 96 81 713 117 165 29| 13 234
90 84 96 81 273 346 130 271 10 228
92 86 98 82 180 403 102 29 9.0 192
88 86 99 81 127 373 81 33 8.0 119
90 88 99 80 102 643 70 27 7.0 94
88 93 96 78 98 815 65 125 7.5 67
87 96 90 76 382 622 58 119 9.5 56
87 28 88 78 | 2,080 433 50 102 80| 165
90 9 88 78 208 329 48 138 9.0 54
87 105 90 80 105 690 45 162 8.5 46
90 100 87 78 87 472 41 180 | 12 41
90 99 87 78 75 394 36 194 | 13 37
90 02| 88 75 61 273 33 197 | 10 33
92 96 86 8 61 568 31 116 9.0 31
90 96 84 92 59 { 1,020 802 76 8.0 31
93 96 80 90 60 865 323 58 8.0 29
93 | 105 55 915 130 45 8.0 26
93 102 50 888 102 39 7.0 25
96 L2 7 P 577 jeen.... 48 7.0 eennss

NotE.—Discharge Nov. 1 estimated from data furnished by engineer.

Monthly discharge of Little River at Cameron, Tezx., for the year ending Sept. 30, 1917,

Dis in second-feet.
charge Run-off
. Month. (total in
Maximum, | Minimum. | Mean, | acre-feet).
373 76 121 7,200
112 87 94.2 5,790
105 84 95.2 5,850
100 80 90. 5 5,030
105 75 3.1 5,110
2,080 50 232 13,800
1,020 | - 49 432 26, 600
1,060 31 222 , 200
197 27 78.5 4, 830
40 7.0 14.1 867
5,190 7.0 592 35,200
5,190 7 186 123, 000
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COLORADO RIVER BASIN.
COLORADO RIVER NEAR BRONTE, TEX.

LocaTioN.—At wagon bridge 400 feet below Kansas City, Mexico & Orient Railroad
bridge, 13 miles above mouth of Kickapoo Creek and below mouth of Live Oak
Creek, 2} miles south of Bronte, Coke County

DRrRAINAGE AREA.—B,550 square miles.

RECORDS AvArLABLE.—September 19, 1915, to September 30, 1917,

Gaee.—Chain gage attached to downstream side of bridge near left bank. Read by
R. W. Legg. A wvertical staff gage attached to left bent of railroad bridge 400 feet
above present site and réferred to same datum was used from September 19, 1915,
to October 29, 1915,

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND coNTROL.—Bed composed of a clay hardpan mixed with gravel; shifts;
channel straight about 500 feet above and below station. Right bank wooded,
sloping, and subject to overflow at extreme stages; left bank high, clean, and not
subject to overflow. Control probably at shoal 300 feet below gage. ‘

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.0 feet at 1.30
p. m. October 15 (discharge not determined); no flow during several periods
throughout the year.

. 1915-1917: Maximum stage recorded, 15.0 feet, 2 a. m. September 25, 1916, and
1.30 p. m. October 15, 1916 (discharge not determined); no flow du.rmg penods
throughout the record.

Ice.—Slight ice reported in middle of January.

DrversionNs.—Some water is diverted for irrigating small areas in Coke and Mitchell
counties and for municipal use of the city of Robert Lee. Nolargeirrigation proj-
ects developed in drainage basin above station. The Second Report of the Board
of Water Engineers for the State of Texas records a filing at Robert Lee on a small
quantity of water for storage, but this storage will not influence flow at station.

RecuraTION.—Flow not affected by water-power plants or controlling works.

Accuracy,—Stage-discharge relation not permanent. Standard rating curve well de-
fined below 400 second-feet and extended above 450 second-feet. Gage read to
hundredths twice daily. Daily discharge ascertained by shifting-control method
throughout the year. Records fair. .

Discharge measurements of Colorado River mear Bronte, Tex., during the year ending
Sept. 30, 1917,

Ga; Dis- Gage | Dis-
Date. Made by— height. | charge. | D8te- Made by— height. | charge.
' Feet, | Sect.
Oct. 9{R.7J. Hank.. 1.53 el.5 || Aug. 12
Dec. 10 |..... do. 1.65 3.9 || Sept. 20
May 20 | Vietor “Lieb. 2.51 114 21
July 3 | Franciscoand Gra, 1.61 @2

a Estimated.
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Daily discharge, in second-feet, of Colorado River near Bronte, Tex., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
) 12 5.6 5.9 4.5 1.0 0.0 0.0 0.0 0.5 0.0 4.1 201
2 8.5 5.6 5.6 4.5 1.0 .5 0 .0 .5 210 2 116

6.6 5.6 5.6 4.5 1.0 .5 .0 .0 11,600 2] 14 890

5.6 5.6 5.6 3.8 1.0 .5 .0 .0 116 .0 6.6 | 1,220

4.1 5.6 4.8 3.2 1.0 .3 .0 .0 60 0] 47 2

3.2 4.1 4.5 2.4 1.0 .3 .0 .5 23 .01 18 191

3.0 3.8 4.1 1.8 1.0 .3 0 .2 11 0] 12 Kt

2.4 3.4 4.1 1.6 1.0 2 .0 .0 7.5 .0 5.9 264

2.0 3.4 4.0 1.4 1.0 2 . .0 5.9 .0 3.2 160

1.8 3.0 3.8 1.4 1.0 2 .0} 8 5.6 .0 .1 242

.7 2.6 3.4 1.4 1.0 .3 2.0} 21 3.4 .0 .1 729

5 2.6 3.4 1.2 1.0 .3 1.2} 136 .0 .0 .1 622

2.6 3.4 1.2 1.0 .5 .3 8.0 .0 .0 .1 264

2.6 3.2 1.2 1.0 .5 .3 2.8 .0 .0 .1 109

2, 400 2.6 3.0 6 1.0 .5 .3 1.8 .0 0 .1 41

2.6 2.8 1.6 1.0 5y 73 .2 .0 .0 .1 47

2.6 2.8 1.6 1.0 B5Lo32 .0 .0 .0 .1 28

2.6 2.6 1.8 7 .5 1254 .0 . .31 30 21

322 2.6 2.6 1.8 .5 b1l 272 .01 360 5.6 17

2.6 2.6 1.8 .5 5] 10 105 1.4 | 107 1.8 14

127 307 2.6 1.8 .3 .5 7.0{ 10 0 77 18 173

91 191 2.6 1.8 .3 .5 4.8 3.2 .01 131 2.8 20
58 47 2.6 1.6 .2 .5 3.4 1.8 .0 | 158 43 8.0
43 23 2.6 1.6 .0 .5 2.6 1.6 | 147 79 23 7.0
17 2.6 1.4 .0 .5 2.6 1.0 75 14 3.4
19 9.5 2.6 1.4 ] 1.8 .5 30 21 4.8 1.8
14 8.0 2.2 1.4 .5 7 .2 14 6.3 2.8 1.8
12 7.0 2.2 1.4 .5 .7 .2 4.8 4.8 .1
10 7.0 2.0 1.4 .3 .7 7 3.2 3.4 7.5 .0
7.5 7.0 1.8 1.4 .3 .5 W7 1.4) 30 553 .0
6.6....... 1.8 1.4 [ 2 PO, [ PO 58 330 |........

NotE.—Discharge on Dec. 9, Apr. 12, June 29, July 25 and 28, Aug. 7, 15, 16, and 25 obtained by
interpolation.

Monihly discharge of Colorado River near Bronte, Tex., for the year ending Sept. 80, 1917,

Discharge in second-feet.

Run-off (to-
Month. . tal in acre-

Maximum. | Minimum. | Mean. feet).
2,400 0.5| 236 14,500
307 2.6 2.2 1,380
5.9 1.8 3.34 205
4.5 1.2 1.96 121
1.0 -0 .70 39
.5 .0 .40 25
254 .0 13.6 809
212 .0 2.1 1,300
1,600 0} 703 4,180
360 .0f 350 2,150
553 .1 39.5 2,430
1,220 0| 218 13,000
2,400 .0 55.4 40,100
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COLORADO RIVER AT BALLINGER, TEX.

Locarion.—At Hutchins Avenue highway bridge, 800 feet below Gulf, Colorado &
Santa Fe Railway bridge in Ballinger, Runnels County, 1 mile above mouth
of Elm Creek. :

DrAINAGE AREA.—6,460 square miles (revised).

RECORDS AVAILABLE.—December 11, 1915, to September 30, 1917. Records of
stage have been obtained by the United States Weather Bureau since July 1,
1903; current-meter measurements were begun May 29, 1915.

Gagr.—Chain gage attached to downstream handrail of bridge; read by A. J. Voelkel.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND coNTROL.—Banks consist of clay and gravel; medium height and
wooded; subject to overflow at extremely high stages. Bed composed 'of hard
clay, sand and gravel; somewhat shifting. Control is shoal about 1,000 feet
below gage; subject to change.

Ice.—None reported during year.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 11.50 feet at noon
October 17 (discharge not determined). No flow during several periods through-
out year. .

1916-17: Maximum stage recorded, October 17, 1916 (see preceding paragraph);
minimum stage, no flow during several periods.

Diversrons.—During low stages a large part of the flow is diverted above the station

by gravity or pumping. The Second Report of the Board of Water Engineers
for the State of Texas shows 3,307 acres in Runnels County, above the station,
to have been declared irrigated by use of 6,614 acre-feet of water. This report
also shows filings by cities of Ballinger and Winters for continuous use of 1 and
4 second-feet, respectively, for waterworks. The city of Ballinger started
to pump water from river just above station the last of April, 1917, and con-
tinued to pump part of its supply therefrom throughout the summer.

ReguLation.—None.

Accuracy.—Stage-discharge relation not permanent. Rating curve fairly well
defined below 600 second-feet and extended above. Gage read to hundredths
twice daily. Daily discharge ascertained by applying mean daily gage height
to rating table: directly, June 3 to September 4; by shifting-control method,
October 1 to June 2, and September 5-29. Discharge interpolated September 30.
Records below 1,000 second-feet are fair; above that they may be subject to
considerable error. ’

Discharge measurements of Colorado River at Ballinger, Tex., during the year ending
Sept. 30, 1917.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. | L2t Made by— beight. | charge.
Fecel, Sec.-ft:
Oct. 11 3.4 Vietor Lieb...ooooo... 1.19 8.2
Dee. 9 ....- o .66 5.5 || July 2| Grayand Francisco.... .51 a1
May 18| Victor Lieb. .. .70 3.0 || Sept. 22 | E. P. Congdon......... 1.13 94.5 .

a Estimated.
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Daily discharge, in second-feet, of Colorado River at Ballinger, Tex., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. May. | June. | July. | Aug. | Sept.
29 16 3.4 3.6 5.4 8.9 0.0 1.8 0.7 64 238
20 16 3.4 3.8 6.1 4.0 .0 1.6 .51 18 147
15 16 3.4 3.8 6.1 3.6 .0 3,600 .0 5.4 157
15 16 3.41 3.8 6.1 3.4 .0 259 .0 1.2 |2,000
15 16 3.4 3.8 6.1 3.2 .0 98 .0 .11 820
15 16 3.4 3.8 6.1 3.2 .0 45 .0 1.8 348
15 2.8 3.4 3.8 5.4 3.2 .0 23 .0 31 760
15 2.8 3.4 3.8 4.7 3.2 .0 10 0] 168 662
15 2.6 3.4 3.8 4.0 3.2 .0 6.8 -0 4.0 | 315
15 3.8 3.4 3.8 3.8 3.2 .0 4.7 .0 1.2 | 246
2.8 2.8 3.4 3.8 3.4 5.4 6.8 3.6 .0 1| 628
2.8 2.8 3.4 3.8 3.4 5.4 78 3.2 .0 .0 (1,140
2.8 1.8] 3.4 3.8 3.4 4.0 90 2.2 .0 .0| 378
2.8 .9 3.4 4.0 2.6 4.0 24 1.2 .0 .0 175
2.8 .9 3.6 4.0 3.2 4.0 8.9 .1 .0 .0 92
2.8 .9 3.8 4.7 | 568 3.6 4.0 .0 .0 .0 70
2.8 .9 3.8 54| 12 4.0 3.2 .0 -0 .0 48
2.8 .9 4.7 5.4 5.4 |1,660 2.6 .1 .0 .0 28
2.8 .9 4.7 5.4 4.7] 12 2.6 .1 .0 .0 18
2.8 .9 5.4 5.4 4.7 33  [2,300 .11 200 -0 16
2.8 .9 5.4 5.4 4.0 12 601 11073 4,0 144
2.8 .9 4.7 4.7 4.0 7.5 84 0 62 42 137
67 9 4.7 4.7 4.0 3.8 23 .0 98 5.4 50
35 1.8 3.8 4.7 3.8 2.2 10 1.8 92 2.2 20
21 1.8 3.8 5.4 3.8 1.2 4.7 | 363 35 4.7 i1
16 2.8 3.8 5.4 3.8 b 3.4 81 11 5.4 8.2
16 2.8 3.8 5.4 3.4 .3 2.4 20 9.6 3.6 5.4
16 3.2 3.8 5.4 2.4 .1 2.2 7.5 3.4 2.2 4.7
16 3.4 3.8 .. 1.4 .1 2.0 4.0 3.0 16 6.1
16 3.6 3.8 .1 .0 4.0 1.8 3.4 | 320 5.8

....... 3.6 3.8 [ U R 2.4 ...l 404 491 ceenaes

Monthly discharge of Colorado River at Ballinger, Tex., for the year ending Sept. 30,

1917.
Discharge in second-feet,

Run-off

Month. (total in

Maximum. | Minimum. | Mean. | acre-feet).
OCEODOT. - eoeere ceieiee e e enee i iaianeneanaaaeen 3,200 2.4 28 14,000
67 2.8 13.5 803
16 .9 4.75 292
5.4 3.4 3.83 236
5.4 3.6 4.45 247
568 .0 22.4 1,380
1,560 .0 60.3 3,590
2,300 .0 105 6, 460
3,600 0| 151 8,980
404 .0 32.1 1,970
491 .0 33.5 2,060
2,000 47| 289 17, 200
3,600 .0 79.1 57,200
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COLORADO RIVER NEAR CHADWICK, TEX.

Locatron.—At Gulf, Colorado & Santa Fe Railway bridge half a mile below Chad-
wick dam, 1 mile above mouth of Elliott Creek, 2 miles west of Chadwick, on
line hetween San Saba and Lampasas counties, 2§ miles below mouth of San
Saba River.

DRAINAGE AREA.—26,400 square miles.

REecorps aAvamasLe.—October 21, 1915, to September 30, 1917.

Gaee.—Inclined staff in three sections, attached to rock ledge on left bank about 75
feet upstream from railway bridge; read by A. G. Walker. A high-water section
is painted on left face of left bridge pier. A vertical staff on right bank directly
opposite inclined gage is used during low water. Gages refer to same datum.

DiscEARGE MEASUREMENTS.—Made from cable 400 feet below gage, or by wading.

CHANNEL AND coNTROL.—Bed composed of rock and gravel; not likely to shift.
Channel straight above and below station for 1,000 feet. Left bank high, rocky,
wooded, and not subject to overflow; right bank medium in height, wooded,
composed of clay and gravel, .and subject to overflow during extreme stages.
Position of control not known, but current-meter measurements indicate that it
is practically permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 17.0 feet at 3 p. m.
September 4 (discharge, 15,300 second-feet; determined from extension of rating
curve and possibly subject to slight error); minimum stage, 0.34 foot July 20
and 21 and August 20 (discharge 18 second-feet).

1916-1917: Maximum and minimum stages occurred in 1917.

Ice.—None reported during year.

Diversions.—No large irrigation works have been completed in drainage basin above
station, but tracts ranging in size from 5 to 1,500 acres adjacent to the main river
and tributaries are irrigated by diversion. A large part of the irrigated area is
in Runnels, Brown, and Mills counties and along Concho and San Saba rivers.
Several small dams have been constructed in the drainage basin ahove station.
Chadwick dam, half a mile above, creates a small pond and serves only to divert
to a water wheel that has not heen operated for some time.

RecuratioNn.—Flow not regulated by dams or reservoirs.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 10 and 13,000 second-feet. Rating curve previously used for
1915-16 has been revised on account of high-water measurements secured in
1918. Gage read to hundredths once daily. Daily discharge ascertained hy
applying daily gage height to rating table. Records good.

Records of daily and monthly discharge for 1915-16 hased on revised rating curve,
are published herewith, and supersede those previously published.

Discharge measurements of Colorado River near Chadwick, Tex., during the year ending
Sept. 30, 1917.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || D8%- Madeby— height. | charge.
Feet. | Sec.-ft. Feet. | Sec.-ft.
Dec. 11 | R.J. Hank............ 1.14 146 May 13 | Victor Lieb............ 6.04 2,820
Feb. 9] Victor Lieb............ 1.04 121 June 4 |..... [ [ J R, . 4.18 1,350
Apr. 9] R.J, Hank..... [ .76 60.6 [} July 1| E. O, Francisco........ 1,11 146
20f.--edOueinininiineann.. 1.50 278
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Daily discharge, in second-feet, of Colorado River near Chadwick, Tex., for the years end- .
ing Sept. 30, 1916 and 1917.

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

1915-16.

135 | 1100 | 1,510 | 130 42} 5| 1,010
135 [ 1,020 [ 1,020 | 122] 40| 55| 60
1301250 “sa5| 110 38| 48| 388
128 6550 668| 10| 38! 45| 207
122|1e50| 58| 10f 42| a0f 100
122 {120 430 105] 2| e 172
122 1,040 305| 90| 42| 40| 160
122 ‘800 | 367| 85| 45| 40| 135

111 81 300 860 111 42| 1,170
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69 83 116 104 119 111 55 708 58 21 29

111 21 26
111 20 22 526
107 20 22 377
102 20 22 3
102 18 18 273
100 18 440 248
100 440 660
9% 405 370 138
98 384 168
98 370 111 107
98 266 107 89
98 89 93 122
98 78 93 111
98 47 85 102
96 45 25 89
96 42 85 |.......

NoTE.—1915-16. Discharge Nov. 1, Jan. 5, Feb. 2, Aug. 10, and Sept. 8 and 24 estimated from observer’s
notes and information collected by engineers.

1016-17. Dischargo Nov. 22 and 25, Dec. 24-26, and 31, Feb. 6-8, Mar, 27-29, May 12 and 22, June 5 and
27, Aug. 21 and 28-31, and Sept. § and 12 estimated from ocbserver’s notes and information collected by
fggtuzeer]si;gh tDatermixmtion of discharge Sept. 4 obtained from extension of rating curve and possibly sub-

0 §| error.
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Monthly discharge of Colorado River near Chadwick, Tex., for the years ending Sept. 30,
o 1916 and 1917.

] {
i i -feet.
Discharge in second-feet Run-off
Month. (in total
Maximum. | Minimum. | Mean, | 2cre-feet)-
1915-16.

Octoher 21-81 . .. i iiiiiiiiieaaaaa.. 2,990 332 868 18,900
November.... L. 320 196 240 14,300
3,060 190 387 23, 200
1,640 205 362 22,300
378 155 210 12,100
155 110 123 7,560
6 220 | 1,100 65, 500
11,500 205 | 1,340 82,400
1, 41 184 10,900
51 31 42.8 2,630
: 30 30.9 2,450
4,790 110 217 30, 800
11,500 30 427 204, 000
11,700 51 901 55,400
821 S0 169 10,100
174 96 119 7,320

122 98 107 6,

122 104 112 6,
2,830 85 244 15,000
1,650 55 196 11,700

10, GO0 55 919 y
5,3%0 31 681 40, 500

440 18 96.9 '
18 102 6,270
15,300 89| 1,550 92, 200
15,300 18 434 314,000

COLORADO RIVER AT MARBLE FALLS, TEX.

Locarion.—At steel highway bridge one-fourth mile south of Marble Falls, Burnet
County, 10 miles below mouth of Sandy Creek, 16 miles below mouth of Llano
River, and 23 miles above mouth of Pedernales River. .

DRAINAGE AREA.—32,200 square miles.

Recorps avamasre.—October 1, 1916, to September 30, 1917. Miscellaneous dis-
charge measurements were made in 1902. Records of stage have been obtained
by the United States Weather Bureau since January 1, 1908.

Gage.—Weight-and-tape gage of the Mott type, fastened to steel post on upstream side
of bridge, 60 feet south of middle bridge pier; read by M. M. Berry.

DiscaareE MEASUREMENTs.—Made from bridge or by wading.

CHANNEL AND cONTROL.—Bed composed of solid rock. Banks, rock, gravel, and
clay, wooded, high, and not subject to overflow. Rapids just below gage serve
a8 permanent control for low and medium stages.

EXTREMES OF pISCHARGE.—Maximum stage recorded during year, 8.0 feet at 7.30
a. m. October 20 and September 5 (discharge, 17,100 second-feet); minimum stage,
zero several times during July and August (discharge, 14 second-feet). .

+1900-1917: Maximum stage, 23.9 feet April 7, 1900 (discharge, not determined);
minimum stage, July and August, 1917.

Ice.—None reported during year.

Diversions.—Several Jarge projects have been planned in the drainage basin above
station, but none have been developed. Small tracts adjacent to the main river

.and tributaries are irrigated by diversion. A large part of the irrigated land in
the basin is along Concho, San Saba, and Llano rivers. The Second Report of
the Board of Water Engineers for the State of Texas shows a filing by the Llano
Milling & Mining Co. for continuous use of 833 second-feet for hydraulic power
and waterworks, and a filing of an unknown amount (believed to be small) by
M, H, Reed for waterworks of Marble Falls,
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Recurarron.—Flow regulated somewhat by diversions for irrigation and power in
the basin immediately above station.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined between
10 and 52,000 second-feet. Gage read to hundredths twice daily, July 1 to Sep-
tember 30; to tenths, once daily, October 1 to June 30. Daily discharge ascer-
tained by applying daily gage height to rating table. Records good.

CooperaTioN.—Record of gage height October 1 to June 30 furnished by United
States Weather Bureau.

Discharge measurements of Colorado River at Marble Falls, Tex., during the year ending
Sept. 30, 1917.

- Gage Dis- - Gage | Dis-
Date. Made by height. | charge. Date. Made by ight. .

Feet. | Secft.
42,2

July 21 | Congdonand Francisco.| 0.45 Sept. 6
Aug. 29 | E.P. Congdon......... 1.28 191 7
Sept. 6 | R.J. Hank............. 5.31 | 6,930 11

Daily discharge, in second-fect, of Colorado River at Marble Falls, Tex., for the year
ending Sept. 30, 1917.

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

342 202 168 202 202 168 568 508 392 98 117

242 202 202 202 202 168 450 450 508 62 450

242 202 202 202 242 168 450 | 5,900 450 58 630

202 202 202 168 202 140 450 | 3,000 202 51 820

202 242 202 168 202 140 450 | 4,700 168 37 1 14,900

168 292 202 168 202 168 450 | 6,900 168 191 8,400

168 202 202 168 202 168 450 | 3, 140 19| 3,900

168 292 202 242 202 202 392 | 2,800 95 24| 2,980

117 292 202 242 202 242 392 | 1,420 80 29| 2,600

17 242 168 202 202 242 242 940 76 19| 2,250

117 242 168 168 202 242 242 630 39 30 | 2,240

117 202 168 242 202 242 242 630 37 22| 2,360

98 202 168 242 202 202 392 392 25 62| 1,140

140 202 168 242 202 202 342 342 37 46 | 1,030

140 202 168 242 202 140 | 2,150 202 16 46 | 1,120

117 202 202 242 202 140 | 1,420 168 25 44 | 1,420

117 202 202 242 202 140 | 1,220 168 37| 1,420

117 202 202 242 202 140 860 117 117 31| 1,080

117 202 202 242 202 117 568 117 154 25 900

117 202 202 242 | 1,420 117 450 62 24 740

242 202 202 242 | 1,220 17 450 140 700

202 202 202 242 | 1,030 117 568 68 25 16 665

242 202 242 242 7 1,420 (11,200 30 23 568

242 202 242 | . 242 568 5,600 46 51 16 538

242 202 242 202 450 630 | 3,000 37 39 42 342

26 168 202 242 202 242 568 | 1,880 37 56 317 234
27 168 202 242 242 568 | 1,320 24 25 302 168
28 168 202 242 202 242 8 [ 1,120 46 16 242 128
29 168 168 242 242 568 940 508 34 242, 117
30. 168 168 202 242 568 630 392 117 222 154
Blooieiaiaall 450 | ... 168 202 202 1._..... 568 1....... 108 154 |.......
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Monthly discharge of Colorado River at Marble Falls, Tex., for the year ending Sept.

30, 1917.
Di; i d-feet.
ischarge in second-fee ) Run-off
Month. (total in
Maximum. | Minimum.| Mean, | 3cre-foet).
October. . .....oc.oeeeeo o et neaaana——aan 17,100 117 | 1,650 101,000
342 98 172 3
292 168 214 13,200
242 168 203 12, 500
242 168 217 12,100
1,420 202 344 21, 200
1,420 117 318 18,900
11,200 242 | 1,270 78,100
6, 24| 1,130 67,200
508 16 116 7,130
317 16 76.8 , 7.
14,900 117 | 1,800 107,000
17,100 16 627 453, 0600

COLORADO RIVER AT AUSTIN, TEX.

LocartioNn.—At Congress Avenue concrete viaduct in Austin, Travis County, half a
mile below Shoal Creek and above mouth of Waller Creek, 1 mile below mouth of
Barton Creek, 8% miles helow Austin dam.

DRAINAGE AREA.—34,200 square miles (Revised.)

Recorps AvamasLE.—February 15, 1898, to December 31, 1911; October 1, 1914, to
September 30, 1917; September 1, 1895, to April 7, 1900, at Austin dam. Records
of stage have been obtained by United States Weather Bureau since July 1, 1903.

GagE.—Dexter water-stage recorder, installed June 18, 1915, at end of concrete via-
duct. Record of depth of water on crest of dam 3% miles above Austin was kept
from September 1, 1895, to April 7, 1900. Gage used February 15, 1898, to Decem-
ber 31, 1911, was a vertical gage attached to bathhouse on left bank 150 feet above
Congress Avenue bridge; during this period high-stage readings were made by
means of a staff gage painted on first pier from left end of bridge and a chain
gage attached to bridge. All gages at or near the bridge have been referred to the
same datum. .

DiscHARGE MEASUREMENTS.—Made by wading or from upstream side of Montopolis
highway bridge, 4 miles downstream.

CHANNEL AND. cONTROL.—Channel straight for 1,000 feet above and 500 feet below

-station. Right bank of medium height, composed of clay and gravel, clean,
improved by city, and not subject to overflow; left bank resembles right bank
except that it is high and nearly vertical in places. Bed composed of rock and
gravel, clean; shifts. Control is a gravel and rock shoal 500 feet below gage;
changes during high wa.er and also during low water because of the removal of
sand for municipal use.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.20 feet at 6
a. m. October 21 (discharge, 11,100 second-feet); minimum stage, 0.04 foot at 3
p- m. August 28 and 10 a. m. August 29 (discharge, 51 second-feet).

1898-1911; 1914-1917: Maximum stage recorded, 33.5 feet April 7, 1900 (dis-
charge, 122,000 second-feet); minimum stage, 0.50 foot December 13-17, 1914
(discharge, 2 second-feet).

IcE.—None during year.
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Drverstons.—The Second Report of the Board of Water Engineers for the State of

Texas shows that about 36,000 acres of land were declared irrigated by diver-
sions from Colorado River above station. The report also shows a filing by the
city of Austin, for municipal uses, of 4,000 acre-feet per annum, with a storage
of 30,000 acre-feet; 160 acre-feet per annum for Winchell waterworks; 2,000 acre-
feet for waterworks for city of Brownwood; and an unknown amount for Marble
Falls waterworks, all above station. An annual consumption in millions of
gallons was reported to Board of Water Engineers, in 1916, by the city of Brown-
wood of 310, and city of Austin, 946. Much of the area irrigated is in the upper
basin of the main stream and adjacent to large tributaries.

Regurarion.—Flow entirely regulated by operations at the Austin dam, about 3}

miles upstream. June 18, gates at Austin dam were opened and water released
for rice irrigation in lower Colorado drainage until July 20, when gates were closed
to maintain a low stage in reservoir. High water of September 5 and 6 filled the
reservoir and water started to flow over crest of dam 4.30 p. m. September 6.

Accuracy.—Stage-discharge relation not permanent; numerous discharge measure-

ments necessary todetermine changes. Standard rating curve well defined below
12,000 second-feet. Error in determinations of mean daily discharge due toregula-
tion of flow eliminated by use of 2 water-stagerecorder. Mean daily gage height, to
half tenths, obtained by inspecting the recorder graph, or, for days of considerable
fluctuation, by averaging hourly gage heights. Daily discharge ascertained by
applying mean daily gage height to rating table directly, October 5-30, November
14-30, December 9 to February 19 and March 22 to September 14; by shifting
control method, October 1-4, October 31 to November 13, December 1-8, Feb-
ruary 20 to March 21, and September 15-30. Records good.

Discharge measurements of Colorado River at Austin, Tex., during the year ending Sept.

30, 1917.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. | D8t Made by— height, |charge.
Fcet Sec.Hft. Feet. | SecHft.

Oct. 9| Victor Lieb............ 0.47 | 140 ﬁpr. 23 Vlctor Lieb 0.54 [ 143

18 | Kessler and Lieb ...... .50 | 144 ay 11 [..... .72 211

21 | Lieb and Thaxton. 5.00 {10,500 y 21 | R. C Thaxton 140 758

2.30 | 2,840 251 R.J 3.36 | 5,850

1.99 | 1,950 June 1| Hank aud Fra.nmsco 1.24 648

1.60 | 1,160 7 | Thaxton and Francisco.| 3.25 5,380

Nov. .88 | 3 9..... do. 2.08 | 2,190

.67 202 14 Vlctor Lieb ............ 1.19 540

1.00 351 29| R.J. Hank............. 1.66 | 1,320

Dec. 1.14 440 July .50 144
.80 | 263 19 .28 90.0
.72 224 .25 91.2
Jan. .84 2m .26 92.6
.87 292 Aug. .18 7.2
Feb. .80 262 . 59.8
.94 304 57.9
.87 244 50.6
Mar. .82 243 59.4

1.04 394 Sept. 8 5, 740

Apr. .56 174 25
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Daily discharge, in second-feet, of Colorado River at Austin, Tex., for the year ending

Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
450 { 280 360 216] 260| 330 540 (1,240 83 165
500 i 280 280 | 200| 240 280 400 | 1,240 88 88
450 ( 280 ( 280 220( 200( 300 360 1,240 75 75
500 | 260 300 =224 220 | 330 1,660 | 1,340 75 112
460 ) 260 300| 204| 200 360 3,190 {1,440 75
424 260| 300 228 200 360 4,160 | 1,050 75 440
392 260 | 300 208| 180 330 | 5,000 | 1,050 75 1 7,840
354 260 300 212 165 300 | 3,460 360 75 ] 5,700
300( 260 300 212 165 260 | 2,020 | 360 75| 4,020
300 | 280 300 | 236 165 240 | 1,440 360 75| 4,160
280 300 | 256 220 | 2201]1,140 | 260 751 2.670
260 240 300 256 220 280 | 800 180 751 2,410
260 300 256 200 260 660 165 751 2,
280 220 330 256 200 | 300 540 150 75 ( 1,240
240 240 330 | 236 200 730 400 150 75 | 1,570
240 260 330 236 200 | 2,280 280 138 75| 1,470
240 1 260 330 | 236 180 | 2,020 | 260 100 68 | 1,400
2601 260 330 236 180 | 1,340 | 260 100 68 1 1,440
260 260 330 256 220 880 280 100 681 1,180
260 260| 330 | 256| 200 830 260 100 68 864
280 260 330 284 165 880 300 88 68 674
240 300| 330 | 800 165 960 | 600 88 68 576
220 | 280 330 880 165 660 88 60 470
240 | 300 | 268 730 220 | 5,700 | 660 88 60 440
240 ( 300 236{ 540 730 | 5,840 730 88 60 400
240 300 236 490! 800/ 3,460 1,050 88 60 {342
260| 280 | 236 | 400 660 | 2,150 | 1,240 88 60 276
2601 280 360 ) 540 | 1,550 | 1,340 88 52 224
260 300 |.. 330 440 | 1,240 | 1,340 88 52 192
260 330 |. 300 400 960 | 1,240 88 52 174
280 | 360 260 |....... 730 [....... 88 88 [ceeennn

Monthly discharge of Colorado River at Austin, Tex., for the year ending Sept. 30, 1917,

i econd-feet.
Discharge in s d-feet Run-off
Month. (total in
Maximum.| Minimum.| Mean. | 3re-feet).
9,750 138 | 1,020 62,700
510 200 301 17,900
500 220 306 18, 800
360 220 273 16,800
360 236 302 16, 800
880 200 323 19,900
800 165 277 16, 500
5,840 220 | 1,180 72, 600
5,000 260 | 1,210 , 000
1,440 88 390 24,000
88 52 70.3 4,320
7,840 75| 1,420 84, 500
9, 750 52 590 427,000

93838°—19—wsp 458——3
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Days of deficiency in discharge of Colorado River at Austin, Tex., for the years ending
Sept. 30, 1902-1910 and 1915~-1917.

Days of deficient discharge.

feet. 1901-2 { 1902-3 | 19034 | 19004-5 | 1905-6 | 1906-7 | 1907-8 | 1908-9 |1909-10{19£4-15{1915-16/1916-17,

100 45 |ooeefeennes 3 | 2 3|
200 103 17784 55 | 44 | 20 | 81
300 | 20 204 | 11 | 94 | 102 | 68 | 52 | 203
400 | 68 130 | 150 | 185 | 28 | 41 | 156 | 165 | 72 | o7 | 264
500 | 167 189 | 177 | 198 | 253 | 78 | 195 | 28 | & | 145 | 281
600 | 216 223 | 196 | 207 92 | 203 | 241 | 95 | 177 | 29
700 | 236 | 90 | 43 | 218 | 221 142 | 226 | 266 | 112 | 222 | 298
800

900

, 000

1200

1400

600

d

g8s88383888888888

-

B

EVAPORATION NEAR AUSTIN, TEX.

LocaTion.—At reservoir on Hill’s ranch, about 1,000 feet from ranch house, 5 miles
south of Austin, Travis County. Elevation, 475 feet above sea level.

RECORDS AVAILABLE.—Aprill, 1916, to September 30, 1917.

EquremenT.—Two evaporation pans, one floating on surface of reservoir and the other
on land about 30 feet from reservoir; auxiliary equipment consists of hook gage,

" rain gage, anemometer, maximum and minimum thermometers, and psychrom-

eter.

Accuracy.—Moss and weed growth in reservoir may at times affect results. Record
from land pan more accurate than that from floating pan. Observations made
daily at 8 a. m. Observer’s work good.

Evaporation near Austin, Tex., for the year ending September 30, 1917.

° - Evaporation
Temperature (°F). . Wind. (inches).
. ] Mean.
Afr. Water. relative| Aver- Rain-
Month. l;ém:(ld— age ve-| pro ol 111%1]11 )

ity (per| locity | 3 ol es)| Float- | Land:
Mean| Mean| Float- | Land | cant s ing di- N R

maxi | mini-| Mesn.|ing pan| pan | T ). (mélres rection. lngpan.| pan.

mum. mum. (mean).|(mean). hgur) ,

October.........} 83.2{ 54.2 | 68.7 66.7 60. 6 85.1 1.3 | Sonth..| 1.8 3.75 5.29
.| 70.9 [ 4.0 | 56.0 55.9 50.1 84.5 2.2 | South.. 1.46 2.49 3.25
65.4 1 86.5[ 510 50.1 45.7 79.3 2.9 | South.. .33 2.36 3.42
63.5 1383 | 50.9 48.9 48.1 80.8 2.8 | South.. .70 1.76 2,58
.[68.1]37.4) 52.8 52.0 485 80.8 3.1 | South.. 1.43 2.4 4.33
173.9)46.91 60.4 57.5 53.7 74.0 3.5 | South.. .16 4.44 6.10
.} 80.8]53.3| 67.0 64.1 58.8 77.5 3.3 | South.. 1.53 5.68 7.28
.1 81.2] 56.8| 69.0 67.0 63.3 84.3 2.9 | South..| 3.87 6.07 7.44
.1 95.6 | 68.4 | 82.0 77.0 74.4 71.8 2.1 | South..| 2.08 7.50 | 10.50
. 98.7170.4] 84.6 79.2 76.7 73.4 1.9 | South.. .52 7.7 9.96
.169.4170.9| 85.2 8.2 75.8 87.5 2.0 | South.. .36 8.18 1 11.02
....... 90.91 64.6| 77.8 75.2 69.9 73.9 1.9 | South.. 1.03 5.66 7.22
The Year. .|« eeeufeeeensfeannnnn l ........ oo l ........ ] ................. 15.33 | 58.08 | 78.39
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COLORADO RIVER AT COLUMBUS, TEX.

LocaTron.—At county highway bridge half a block from county jail, 400 feet below
the Galveston, Harrisburg & San Antonio Railway bridge, in eastern edge of
Columbus, Colorado County.

DRramNAGE AREA.—37,000 square miles (revised).

REcorRDs AVAILABLE.—January 1, 1903, to December 31, 1911; May 22, 1916, to
September 30, 1917; occasional discharge measurements beginning August 2,
1902. Records of stage have been obtained by the United States Weather
Bureau since January 1, 1903.

Gaee.—Chain gage attached to downstream bridge railing; read by A. S. Lowrey.
From August 2, 1902, to December 16, 1907, gage heights were obtained by meas-
uring with a tagged chain and lead weight from point on top of bridge pier to
water surface. Mott tape and weight gage on downstream handrail of bridge,
property of the United States Weather Bureau was read from December 17, 1907,
to February 9, 1917, when chain gage was installed. Mott gage and chain gage
were referred to same datum.

DiscEARGE MEASUREMENTS.—Made from upstream side of bridge or by wading.

CHANNEL AND coNTROL.—Channel straight above and below station for 400 feet.
Right bank composed of firm earth; high and not subject to overflow; left bank
of medium height; overflow likely. Bed of stream clean and sandy;shifts during
high stages. A sand and gravel section about 350 feet below gage serves as low-
water control, but the stage-discharge relation during medium and high stages
may be controlled by a bend in river below bridge.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 12.14 feet at
7 a. m. May 7 (discharge, 4,520 second-feet); minimum stage, 5.41 feet from 9
to 10.30 a. m. August 28 (dlschaa‘ge, 101 second-feet).

1902-1911; 1916-1917: Maximum stage recorded, 35.8 feet April 27, 1908
(discharge, 43 100 second-feet); minimum stage, 4.2 feet September 9 a,nd 10,
1910 (discharge, 10 second-feet).

Ice.—None reported during year.

Diversions.—Considerable water is diverted for irrigation in the drainage basin
above Austin, but between Austin and Columbus little water is pumped or
diverted by gravity. The station is above the irrigated rice belt, which com-
prises several thousand acres. Filings have been made with the Board of Water
Engineers for the State of Texas for continuous use of water for Smithville, Bas-
trop, and La Grange waterworks, all above station. Smithville reported to the
Board of Water Engineers a consumption of 193,000,000 gallons during 1916.

Reguration.—Flow at Columbus during ordinary stages controlled by storage at
Lake Austin.

Accuracy.—Stage-discharge relation not permanent. Rating curve well defined
below 45,000 second-feet. Gage read to hundredths twice a day. Mean of two
readings may not be a true index of daily discharge because of regulation above
station. Daily discharge ascertained by applying mean daily gage height to
rating table directly, October 23 to December 5, February 4 to March 25, and
April 13 to September 30; by shifting-control method October 1-22, December 6
to February 3, and March 26 to April 12. Records good.

CoorERATION.—Morning gage readings furnished by United States Weather Bureau.

Discharge measurements of Colorado River at Columbus, Tex., during the year ending
Sept. 30, 1917.

_ Gage Dis- _ Gage | Dis-
Date. Magle by height. | charge. | Date- Made by height. | charge.
. Feet. | Sec.-ft. Feel, | Sec.ft.
Oct. " 1 | William Kessler........ 6. 56 353 | Apr. 5 | Vietor Lieb............ 6.42 436
Nov. 14 | Victor Lieb 6.61 441 [{ June 18 [ Hank and Francisco...[ 7.08 687
Jan. 16 |..... do. .. 6.35 387 || Aug. ¢ E P. Congdon......... 5.75 157
Teb. 9| R.J. Hank.’ 6.52 406 28 . O. Francisco........ 5.41 101
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Daily discharge, in second-feet, of Colorado River at Columbus, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
348 932 405 332 348 368 520 5901 1,390 ] 1,120 168 328
336 848 392 328 310 360 525 560 1 1,210 { 1,120 164 160
340 812 368 328 310 344 445 495 11,030 | 1,090 162 153
356 800 376 328 320 332 435 440 854 | 1,000 160 217
292 710 320 320 340 340 435 430 745 | 1,060 147 328
299 660 450 324 320 320 392 460 630 | 1,030 141 306
292 635 480 388 380 324 376 | 3,810 670 ) 1,240 1381 1,
285 610 470 380 360 316 356 | 2,230 12,320 | 1,200 134 | 1,240
285 550 490 380 410 316 324 11,600} 3,210 | 1,110 134 7
285 535 470 364 372 313 332 896 ; 3,840 | 1,050 125 | 4,060

241 490 392 368 372 306 340 | 1,200 | 2 740 122 | 2,980
232 392 410 356 410 299 | 1,060 932 | 1,620 500 117 | 3,880
241 405 415 348 425 296 560 872 1,330 440 1171 2,62

7 DU 264 | 392] 368 288 | 271 |1,450| 490| 396 107 1,440
220 L 7| 40| 37 299 695) 1,260 430| 364| 107| 1,320
93, Ll 1,740 | 392 | 386 296 | 730]1,030| 396| 47| 107| 1,110
o4 LI 3, 392 352 288 | 470 410 | 368 107

25 .l 3, 376 | 368 285 | 344| 795| 368| 206| 106| 842
. SO 2,530 | 420] 364 420| 200} 40| 460{ 241 106| 725
o7l 2,130 | 400 | 336 765| 296|3,340| s24| 209| 7104| 653
- SO 1,700 | 392| 332 050 | 2713, 1,290 | 209| 104| 605
I 1,470 | 410| 348 645( 2003300 'ss4| 192| 123 795
30, Ll 1,320 [ 410 332 5| 505 1,350 1,010 | 182 195| 675
1., 1,150 |....... 313 505 |....... 1,800 .. ... 80| 212|.......

‘Monthly discharge of Colorado River at Columbus, Tex., for the year ending Sept. 30,

1917.
Disch: i -feet.
ischarge in second-feet Run-off
Month. (total in
Maximum. | Minimum.| Mean, | 8cre-feet).

[ O 3,900 232 837 51,500
November. . ...l 932 360 508 30,200

December. .. ..o P 490 313 389 23,
January.. ... ..o iiiiiiiieiei.. 415 320 363 22,300
February. . ... i 425 310 372 20, 700
ATCHL. . o oo oo 950 285 379 23,300
April. o il 1,060 271 422 25,100
B« a e el 3,810 396 1,300 79, 900
JUNe. e i 3,840 368 1,160 69, 000
Jaly. .l 1, 180 614 37,800
August. ... .l 212 104 128 7,870

September. .. ... ...l 4,060 153 1,360 A
THE YOAT - « -+ - eeeememeae e eeee e 4,060 104 653 472,000

COLORADO RIVER AT WHARTON, TEX,

LocarioN.—Just below highway bridge in western edge of Wharton, Wharton County,
200 feet below Galveston, Harrisburg & San Antonio Railway bridge.

DRAINAGE AREA.—Not measured.

REcorps avamasLe—July 12 to August 31, 1916, and July 3 to August 18, 1917,
Station maintained during distribution of water from Austin Lake for rice irri-
gation.

Gage.—Vertical staff, attached to tree on right bank about 75 feet below highway
bridge; read by Henry Marsh.
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DiscHARGE MEASUREMENTS.—Made from highway bridge..

CHANNEL AND cONTROL.—Channel straight above and below station for a few hun-
dred feet. Bed of stream composed of sand and clay. Both banks medium in
height, composed of clay, and subject to overflow during extreme stages. Dis-
charge measurements show control to be fairly permanent but at times subject
to shift.

EXTREMES OF DISCHARGE.—1916-1917: Maximum stage recorded during periods of
record, 3.27 feet at 3.30 p. m. July 25, 1916 (discharge, 1,680 second-feet); mini-
mum stage, —0.90 foot at 7 a, m. August 1, 1917 (discharge, 62 second-feet).

Ice.—None reported.

Drversrons.—Considerable water is diverted above station for irrigation of rice.
Station is in area of rice irrigation. The Second Report of the Board of Water
Engineers for the State of Texas shows that 51,126 acres were declared irrigated
in Colorado and Wharton counties by means of 102,252 acre-feet of water. A large
part of this area is irrigated by means of water pumped from Colorado River above
the station.

ReaurarioN.—Flow is regulated by diversions for rice irrigation and storage in
Austin Lake.

Accuracy.—Stage-discharge relation subject to change. Rating curves fairly well
defined. Gage read to hundredths twice daily. Mean of two readings may not
be a true index of daily discharge because of regulation above station. Daily
discharge ascertained by applying mean daily gage height to rating table directly,
July 12-30, 1916, and July 3 to August 18, 1917; by shifting-control method,
July 31 to August 10, 1916; and from parallel curve August 11 to 31, 1916. Dis-
charge interpolated August 14, 1916, and July 18, 1917. Records good.

Discharge measurements of Colorado River at Wharton, Tex., during the years ending
Sept. 30, 1916 and 1917.

[Made by R. C. Traxton.]

Date. Gage Dis- Date, Gage Dis- Date. Gage Dis-

height. | charge. height. | charge. height. | charge.
1916, Feet. | Sec,-ft. 1917, Feet, | Sec.-ft.

June 28 ........ 2.34 . 852

Aug.12......... 1.30 480

177

1917 243

Apr.7....eu.... .63 463
.......... 155 849

Daily discharge, in second-feet, of Colorado River at Wharton, Tex., for the period July 12
to Aug. 81, 1916.

Day. July. | Aug. Day. July. | Aug. Day. July. | Aug.
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Daily discharge, in second-feet, of Colorado River at Wharton, Tex., for the period July 3
to Aug. 18, 1917.

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

UP&MD—'

COO-ID

NORTH CONCHO RIVER AT SAN ANGELO, TEX.

LocarioNn.—At county concrete viaduct in San Angelo, Tom Green County, 1 mlle
above confluence of North Concho and South Concho rivers,

DRAINAGE AREA.—7,530 square miles.

REecorps avamasBLE.—October 27, 1915, to September 30, 1917.

Gace.—Vertical staff attached to web of third pier of viaduct from left bank; auxiliary
staffon left bank 75 feet upstream from bridge referred to same datum; read during
stages 0 to 6.8 feet; read by T. R. Lyle and L. E. Gage.

DiscHARGE MEASUREMENTS.—Made by wading 400 feet below viaduct.

CHANNEL AND CONTROL.—Bed composed of solid rock which is to some extent covered

igh-water channel with grass and moes; permanent. Channel straight for 500
above and 400 feet below gage. Both banks are sloping, clean, composed of rock
and clay, and not subject to overflow except during high floods. About 20 feet
below gage and at downstream side of viaduct is a concrete dam about 4} feet
high, which before the viaduct was constructed, served as part of a low-water
crossing. This dam forms an artificial control and insures a permanent stage-
discharge relation.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.90 feet at 8.30
a. m. April 18 (discharge, 1,900 second-feet; determined from extension of rating
curve and possibly subject to considerable error). No flow during several periods
throughout year.

1916-1917: Maximum and minimum stages recorded in 1917.

Ice.—None reported during year.

Diversions.—According to Second Report of the Board of Water Engineers for the
State of Texas some water is diverted; amount diverted above station not known.

REecuLaTiON.—Flow not regulated by water-power plants or reservoirs.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined below
but possibly subject to error above 200 second feet. Gage read to hundredths
daily; oftener during high water. Daily discharge ascertained by applying mean
daily gage height to rating table. Records good.

Discharge measurements of North Concho River at San Angelo, Tex., during the year
ending Sept. 30, 1917.

bue | o= | | 2 | o | e LR
Feet. | Secft. Feet, | See. ft

Oct. 3| R.JI.HanK...cvuueeoofeunnnnn. .0 || May 21| Victor Lieb..c.c.c...... 1.06 55.0

Dec. 9|..... do...... [N .0 |l July 3| Grayand Franciseo P P .0

May 20 Vlctor Lieb .| 0.51 1.5 || Aug. 11 | E. P. Congdon.. .0

.3 G DR s (. R 1.22 118 Sept. 21 |..... d ................ a.3

a Estimated.
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. 30, 1917.

ending Sept

COLORADO RIVER BASIN.

Daily discharge, in second-feet, of North Concho River at San Angelo, Tex., for the year
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CONCHO RIVER NEAR SAN ANGELO, TEX.

Locarion.—Half a mile below confluence of North Concho and South Concho rivers,
1% miles southeast of San Angelo, Tom Green County.

DRAINAGE AREA.—10,800 square miles.

RECORDS AVAILABLE.—September 17, 1915, to September 30, 1917.

Gace.—Stevens water-stage recorder installed August 9, 1917, on right bank, 1,500
feet below an old ford. B. H. Cummins, observer. Prior to August 9, 1917, a
vertical staff gage in several sections attached to trees on left bank opposite water-
stage recorder was read by Mrs. B. H. Cummins. Water-stage recorder and ver-
tical staff gage referred to same datum.

Di1scHARGE MEASUREMENTS.—Made by wading or from cable near gage.

CHANNEL AND CONTROL.—Bed composed of solid rock and gravel. Channel straight
for 1,000 feet above and below station. Right bank high, rocky, wooded, and
not subject to overflow; left bank of medium height, composed of clay and
gravel, covered with scattering trees, and subject to overflow at high stages.
Rapids just belowgage serve as control for medium and low stages; do not shift.
Position of control for high stages not known. Stage-discharge relation affected
by moss at low stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 13.7 feet at 9
a.m. April 18 (discharge not determined); minimum stage, 0.44 foot from 1 to 3
p- m. August 11 (discharge, 1.0 second-foot).

1915-1917: Maximum and minimum stages recorded in 1917

Ice.—None reported during year.

Drversions—Considerable water is diverted above station, and pumping plants are
immediately below. Second Report of the Board of Water Engineers for the
State of Texas shows that a total of 22,000 acre-feet per annum is taken from the
stream for beneficial use. About a mile above mouth of South Concho River a
storage dam has been constructed by the San Angelo Light & Power Co. for
waterworks, but as the capacity of the reservoir is small and the height of the
dam constant, a large part of the natural flow of the stream that enters the reser-
voir will join the water of the North Concho at confluence of the two streams.

REecuLaTiON.—Storage at the dam of the San Angelo Light & Power Co. has slight
effect on flow at station; no regulation by storage on North Concho River.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined below 400 second-feet. Gage read to hundredths once daily prior to
August 9, 1917; after that date water-stage recorder in operation; one reading
daily may not be a true index of the mean daily discharge because of regulation
and rapid fluctuation during floods. Daily discharge ascertained by applying
daily gage height to rating table. Mean daily gage height determined from
recorder chart by use of planimeter. Records good for medium and low stages,
and poor for high stages; determination of discharge above 500 second-feet may
be considerably in error.

Discharge measurements of Concho River near San Angelo, Tex., during the year ending
Sept. 80, 1917.

.Gage | Dis- . Gage | Dis-
Date. Made by— height. | charge. || Date. Made by height. | charge.
Feet. | Sec.-ft
Oct. 10 May 21 Victor Lieb............ 1.84 1

Dec. 9 b2 I PR 1 O 1.78 108
May 20 July 6 Gralg7 and Francisco .58 2.5
21 Aug. 11 Cong on. .48 1.0
21 Sept. 21 |.....do.............ool 57 2.4
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Daily discharge, in second-feet, of Concho River

41

near San Angelo, Tex., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. ( Dec. | Jan. | Feb. [ Mar. | Apr. | May. | June. | July. | Aug. { Sept.
27 26 38 40 43 43 15 3.8 4.6 2.5 1.8 2.6
30 26 39 45 43 43 20 4.8 3.0 2.5 2.0 2.6
29 27 42 40 48 43 32 3.4 | 660 2.6 1.6 5.0

24 26 39 40 48 54 25 3.4 70 2.5 1.6 15

20 32 38 39 47 66 24 3.0 26 3.0 1.6 34

19 32 43 41. 41 49 1 50| 15 2.8 1.6 442

19 26 33 45 33 45 11 3.0 4.6 3.0 1.6 60

20 18 32 39 33 49 18 3.0 3.0 2.5 1.4 56

20 16 38 43 41 49 15 3.0 3.0 3.0 1.4 278

15 20 37 43 41 49 15 3.8 3.8 3.0 1.3 | 196

24 22 39 35 41 41 17 4.2 3.8 3.0 1.3 ] 115

31 25 42 39 39 43 17 10 3.0 3.4 1.6 | 310

38 26 39 38 39 38 29 45 3.0 3.4 1.6 46

41 25 41 39 35 30 33 2.0 3.4 2.0 20

51 29 39 47 34 30 26 24 1.8 3.0 2.3 12
203 28 36 47 39 38 21 18 1.8 2.5 2.2 7.0
85 26 36 51 38 41 15 16 2.0 2.8 1.9 5.2
196 32 39 51 47 41 11,340 7.5 1.8 3.0 2.3 3.8
81 29 33 51 41 36| 174 5.0 1.8 4.2 2.6 3.8
45 22 30 51 43 26 30 22 2.0 4.2 4.0 3.6
51 32 29 51 43 25 15 137 2.0 | 17 2.8 2.8
39 43 30 50 39 29 10 33 2.3 6.0 2.9 2.6
33 43 33 50 35 25 7.5 | 20 2.5 4.2 2.6 2.6

36 41 36 48 30 28 13 17 5.0 3.8 2.8 10
26 36 38 49 30 26 10 11 5.0 3.4 2.6 6.8
............. 25 43 36 20 7.5 5.0 4.6 3.4 2.3 4.6
. 25 36 33 18 5.0 3.0 3.0 3.4 2.4 4.2
. 32 29 22 50| 11 215 3.4 2.4 3.6
. 29 32 27 25 5.0 5.0 2.5 3.0 2.5 3.4
. 27 32 33 18 4.2 5.0 2.5 3.0 2.6 2.9
............. 26 |ee..... 38 ) 130 O 5.0 |eeuann. 1.8 2.3 ...t

Nore.—Discharge, Aug. 7-10, estimated from information furnished by engineer; Apr. 18 and June 3
determined from an extension of rating curve and subject to considerable error.

Monthly discharge of Concho River mear San Angelo, Tex., for the year ending Sept.

30, 1917.
Dischar; -feet.
ge in second-feet Run-off
Month. (total in
Maximum. | Minimum.| Mean, | 3crefeet).

203 15 43.9 2,700
43 16 29.4 1,750
43 27 36.0 2,210
51 38 45.0 2,770
48 30 39.1 2,170
66 15 35.8 2,200
1,340 4.2 65.7 3,910
137 3.0 15.3 941
660 1.8 28.3 1,680
17 1.8 3.64 224
4.0 1.3 2.13 131
442 2.6 55. 4 3,300
1,340 1.3 33.1 24,000
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CONCHQ RIVER NEAR PAINT ROCK, TEX.

Locarron.—At Concho, San Saba & Llano Valley Railroad bridge a quarter of a mile
below mouth of Kickapoo Creek, 2 miles northwest of Paint Rock, Concho County.

DraNaGE AREA.—11,800 square miles.

REcorDs AvAILABLE.—September 20, 1915, to September 30, 1917.

Gage.—Vertical staff attached to downstream end of middle railroad bridge pier;
read by Bob Word.

DiscHARGE MEASUREMENTS.—Made by wading or from downstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of solid rock, smooth, clean, free from
vegetation, and permanent. Channel straight for 500 feet above and below gage.
Right bank 30 feet high, solid rock, clean, and not subject to overflow; left bank
of medium height, sloping, wooded, and subject to overflow during high water.
Permanent control during low and medium stages at a shoal in solid rock 400 feet
below gage. :

EXTREMES OF DIscHARGE.—Maximum stage recorded during year, 8.5 feet at 5.20
p- m. April 18 (discharge, 7,150 second-feet); no flow June 21-24, and July 6 to
August 18,

1915-1917: Maximum stage recorded, 8.6 feet 11.30 a. m. September 24, 1915
(discharge, 7,300 second-feet); no flow July 4 to September 1, 1916, June 21-24,
1917, and July 6 to August 18, 1917.

Ice.—None reported durmg year.

Diversions.—Station is above a large pa.rt of the irrigable area in the vicinity of
Paint Rock, but considerable water is diverted from the stream in that part of
the basin above San Angelo; quantity of water diverted between San Angelo and
this station not known, but during low stages the flow is affected thereby.

Reguration.—Ten storage dams of small capacity are located between this station
and San Angelo. An abandoned dam, 12 feet high, known as *Four-Mile dam ”
is 4 miles below San Angelo, and a small dam, 8 feet in height, has been con-
structed for storage on Sims ranch just above the station. An 1l-foot concrete
dam was constructed during the summer for storage at a point 12 miles above
gage, but the high water of September destroyed it. None of the dams appre-
ciably affect the flow by storing water except during extremely low stages.

Accuracy.—Stage-discharge relation permanent. Rating curve fairly well defined
below 6,500 second-feet; determination above 6,500 second-feet possibly subject
to slight error. Rating curve previously used for 1915-16 has been revised on
account of high water measurements secured in 1918. Gage read to hundredths
once daily; oftener during high water. Daily discharge 1915-1917 ascertained
by applying mean daily gage height to rating table. Records good.

Records of daily and monthly discharge for 1915-16, based on revised rating curve,
are published herewith, and supersede those previously published.

Discharge measurements of Concho River near Paint Rock, Tex., during the year ending
Sept. 80, 1917.

Gage Dis- Gage | Dis-
Date. Made by— heig%t. charge. || Date Made by— height. | charge.
Feet, Sec ~ﬂ
May 22 | Victor Eieb............ 2.02
July 2 Gray and Francisco.... .78 a 5
Sept. 23 | E. P. Congdon......... 1.15 b12.4

e Estimated. b Discharge somewhat uncertain; result believed to be too large.
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Daily discharge, in second-feet, of Concho River near Paint Rock, Tex., for the period
Sept. 20, 1915, to Sept. 30, 1916.

Day. Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug.| Sept.
122 | 103 79 83 83 39! 270 61 | 14 0.6 0.0 0.0

122 103 79 88 83 39 270 65 | 12 .3 .0 25820

122 96 83 88 83 391 195 61 | 11 .2 .0 550

122 96 83 88 79 341 137 61 | 10 .0 .0 166

122 96 83 96 79 34 137 521 9.0 .0 .0 108

114 96 | 137 93 79 34| 137 46| 7.0 0 .0 61

108 96 | 160 83 79 34| 131 42| 6.5 .0 .0 42

103 88| 160 83 79 301 131 42| 5.2 .0 .0 27

103 83| 152 83 79 30| 122 39| 5.2 .0 .0 22

103 83| 152 83 79 271 108 391 4.2 .0 .0 19

103 83| 143 83 79 27 96 34| 3.5 .0 .0 52

96 83 93 83 65 27 88 27| 2.9 .0 .0 108

96 83 96 83 72 25 25| 2.5 .0 .0 166

96 83 96 83 72 25 83 221 2.1 .0 .0 315

96 79 88 83 72 25| 382 2| 1.5 .0 .0 131

96 79 88 83 65 25| 166 22| 1.0 .0 .0 83

96 72 88 83 65 22 | 137 25 .6 .0 .0 61

108 72 83 83 65 22| 108 34 .3 .0 .0 52

450 72 83 79 65 22 96 30|17 .0 .0 46

195 72 83 79 65 22 88 27 111 .0 .0 46

21, .. 96 | 152 72 83 79 61 19 79 271 7.0 .0 .0 42
220 .. 96 | 108 72 83 79 57 17 72 251 5.8 .0 .0 42
23 .l 96 | 103 72 83 79 52 19 65 251 4.7 .0 .0 39
. 4,340 | 103 73 79 46 22 61 25( 3.5 .0 .0 34
25, . ,400 | 103 72 79 79 44 25 52 251 2.5 .0 .0 108
26. ...l 338 | 103 79 79 83 42 27 46 3B 2.1 .0 .0 52
27 195 | 103 79 79 79 42 27 46 1.5 .0 .0 39
28. .. 180 | 103 79 79 79 39 27 42 22| 1.2 .0 .0 30
29, .. 160 { 103 79 79 79 34 30 42 19| 1.0 .0 .0 25
30. ...l 137 | 103 79 9 9 I...... 36 42 17 .8 .0 .0 19

2 R IR 103 |...... 83 88 |...... 42| . ... 16 |...... .0 N PORR

Daily discharge, in second-feet, of Concko River near Paint Rock, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. | Sept.
27 4.7 7.0 1.0 0.0 0.3

14 4.7 7.0 .6 .0 | 840

9.0 4.7 4,7 .3 .0 61

7.0 4.0} 166 .3 .0 108

5.8 4.0} 61 .1 .0 166

3.5 4.7 42 .0 .0 840

2.5 4.71 27 .0 .0 315

1.5 4.0 17 .0 .0 61

L0 3.51 11 .0 .0 | 405

.6 2.5 7.0 .0 .0| 230

.6 1.9 4.7 .0 .0 | 166

.6 11 4.0 .0 .0 83

.6 5.8 3.5 .0 .0 61

.6 4.7 2.5 .0 .0 27

.6 4.0 2.5 .0 .0 17

.8 2.5 1.9 .0 .0 17

.3 1.9 1.0 .0 .0 17

7,150 11 .0 .0 .0 11
382 11 .3 .0 | 600 11
83 17 .3 .0 4,7 9.0
61 1,060 .0 0| 42 9.0
17 166 .0 0| 27 9.0
.0 17 34 .0 O 11 9.0
.7 17 27 .0 .0 4.7 9.0
7 16 22 600 .0 1.0 9.0
. 5 14 17 360 .0 1.0 7.0
.5 11 15 168 .0 1.0 7.0
.5 5.8 14 61 .0 1.0 5.8
.5 4.7 12 7.0 .0 .8 5.8
3 4.7 15 2.5 .0 N 3.5
() PR 7.0 {c...... .0 I 35 P,

Nore.—Discharge Sept. 21 and 22 estimated from information furnished by observer. Observer reports
that flood of June 25 was caused by water from Kickapoo Creek.
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Monthly discharge of Concho River near Paint Rock, Tex., for the years ending Sept. 80,
1915, 1916, and 1917.

. Disch i -feet.
scharge in second-feet Run-off
Month. (total in
Maximum. | Minimum, | Mean, | 2cre-feet).
1915,
SePterber 20-30. ...« e en e eneeee e 4,340 9 651 14,200
1915-16
OCtODET . . .ottt 450 96 121 7,440
November. .. ... 103 72 82.4 4,900
December. 160 79 96.6 5,940
January.. 96 72 83.3 5,120
February 83 34 65,7 3,780
March. 42 17 28.2 1,730
April. 382 42 117 6,960
My e e e 65 16 33.0 2,030
L5 TP 17 .3 5.22 311
L5 2 .6 .0 .035 2
AUgUSt. .. i .0 .0 .0
September. ... ..c.oiouni i 2, 820 .0 177 10, 500
N T S 2, 820 .0 67.2 48,700
1916-17.
L8770 o 500 16 60.6 3,730
November. ... ...t i 42 17 22.1 1,320
DOCEMDr. - .o e et ea s 34 22 28.2 1,730
JamUAry.. ... i 42 24 35.1 2,160
February . 34 24 26.4 1,470
March. 27 1.0 16.9 1,040
April. 7,150 3| 262 15, 600
ay.. 1,060 1.9] 484 2,980
June. 0| 522 3,110
JULY e 1.0 .0 07
AUGUSE. oot i eaieaaaa 600 .0 22.4 1,380
September. .. ...ttt 840 .3 117 6,960
The year. .. ...ttt eaeiaaean 7,150 .0 57.3 41, 500

PECAN BAYOU AT BROWNWOOD, TEX.

Location.—Near city pumping plant of Brownwood, 600 feet above lower city dam,
at City Park, 1 mile north of Brownwood, Brown County, 2 miles above mouth of
Adams Branch, 30 miles above confluence with Colorado River.

DRAINAGE AREA.—1,560 square miles,

RECORDS AVATLABLE.—May 24, to September 30, 1917.

GacE.—Vertical staff attached to two trees on right bank about 200 feet below pump-
ing plant; read by C. N. Davis. From May 24 to June 3 readings were taken
from an inclined and vertical staff gage located at right end of lower dam. This
gage was destroyed June 4 and present gage installed June 8. Present gage referred
to datum 1.04 feet lower than original one to avoid negative readings.

DiscEARGE MEASUREMENTS.—Conditions will not allow measurements at low stages,
but high and medium stage measurements can be made from upstream side of
highway bridge located 800 feet below lower city dam.

CHANNEL AND cONTROL.—Bed composed of mud and clay, free from vegetation.
Channel straight above and below station. Banks wooded; subject to overflow
during extreme high stages. When stream is nearly bank full, water is likely to
flow through a slough that leaves the river a short distance above the gage and con-
nects with Adams Branch. One channel at all stages when flow is confined by
banks of main stream. City dam, 600 feet below gage, serves as a control when
flow isconfined within banks; dam has opening of 140 feet; crest regular. Position
of control when banks are submerged not known.
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ExTrEMES oF DISCHARGE.—Maximum stage recorded during period of record,
4.40 feet at 6 p. m. September 3 {(discharge, 3,340 second-feet: determined by
formula using the dam as a weir; possibly subject to considerable error); no flow
June 18 to August 19, August 26 to September 2, and September 16-30.

Ice.—None reported.

Drverstons.—The Second Report of the Board of Water Engineers for the State of
Texas shows that 590 acres were declared irrigated by a beneficial use of 1,179
acre-feet of water diverted from Pecan Bayou above the station. This report also
lists a filing by the city of Brownwood for a storage of 2,000 acre-feet for water-
works. The city of Brownwood reported a consumption of 310 million gallons
during 1916, pumped from stream just above station. Two pumping plants are
operated below the control dam near Brownwood, but the amounts pumped are
not known.

ReauraTion.—Flow at station regulated during normal flow by storage reservoir and
pumping plants above. Two miles above the station the city of Brownwood has
constructed a dam to impound water for municipal use. Water is releagsed from
this reservoir when the supply is short in pond at the gage from which the city
supply is pumped. Backwater from the lower dam extends to the upper dam.

Accuracy.—Stage-discharge relation practically permanent. Rating curve based
on discharge computed by formula, using the dam as a weir, and one low-water
discharge measurement; possibly subject to error. Length of dam makes station
sensitive. Gageread to hundredths twicedaily;oftener during high stages. Daily
discharge ascertained by applying mean daily gage heights to rating table. Rec-
ords poor.

Discharge measurements of Pecan Bayow at Brownwood, Tex., during the year ending
Sept. 30, 1917.

Gage Dis-
Date. Made by— height. | charge.
Sect.
June 9| VICtOr Laebas e oo e 7.0
July 1] Grayand Hank : .0
Sept, 23 | E. P. Congdon .0

@ Estimated.

Daily discharge, in second-feet, of Pecan Bayou at Brownwood, Tex., for the year ending
Sept. 30, 1917.

Day. May. | June. | July. | Aug. | Sept. Day. May. | June. | July. [ Aug. | Sept.
0.0 0.0 0.0 0.0 0.0 0.0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .5 .0
.0 .0 .0 .01 158 .0
.0 .0 .0 0] 39 .0
.0 .0 .0 .0] 25 .0
.0 .0 .0 .0 8.6 .0
.0 .0 .0 .0 .5 .0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0

....... .0 513 PR,

Nore.—Discharge estimated from data furnished by observer May 27-29 and June 4-7.



46 SURFACE WATER SUPPLY, 1917, PART VIIL

Monthly discharge of Pecan Bayou at Brownwood, Tex., for the year ending Sept. 30,
1917.

i -feet.
Discharge in second-feet Runoft

Month. (total in
Maximum. | Minimum. | Mean. acre-feet).

94 5.0 36.0 571

94 .0 18.6 1,110

.0 .0 .0 0

158 .0 7.47 459

1,470 0] 128 7,620
Theperiod......ooooiioiniiiiiiiiiiii i ieediieeieeeeee] e 9,760

SAN SABA RIVER AT MENARD, TEX. ’

Locarion.—At steel highway bridge in Menard, Menard County, about 80 miles
above mouth of stream.

DRrAINAGE AREA.—1,140 square miles.

REecorps AvamLaBLE.—September 14, 1915, to September 30, 1917.

GageE.—Chain gage attached to floor on downstream side of highway bridge; read
by Henry Patton.

DISCHARGE MEASUREMENFS.—Made by wading or from downstream side of bridge.

CHANNEL AND coNTROL.—Channel straight 800 feet above and 100 feet below station;
water flows through a series of shoals and ponds, channel above gage somewhat
obstructed by reeds and grass, but below the gage the flow is only slightly ob-
structed at times. Right bank composed of gravel and clay, wooded, sloping,
high, and not subject to overflow; left bank similar in material, wooded, low,
and subject to overflow during high stages. A sand and gravel ford just below
gage forms a practically permanent control during low and medium stages but
shifts during high stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.90 feet at 8.20
a. m. June 3 (discharge, 425 second-feet; determined from extension of rating
curve and possibly subject to considerable error); minimum stage recorded,
1. 61 feet at 6 p. m. July 30 (discharge, 0.6 second-foot, determined from extension
of rating curve; possibly subject to considerable error).

1915-1917: Maximum stage recorded, 13.6 feet at 2.30 a. m. September 16,
1915 (discharge not determined); minimum stage July 30, 1917.

Ice.—None reported during year.

Diversions.—Considerable land is irrigated with water diverted or pumped above
station. Noyes canal, on right side of river, which serves a considerable area
of land carries water that is diverted a short distance above gage. Several pump-
ing plants are above and below gage. The Second Report of the Board of
Water Engineers for the State of Texas shows that 5,807 acres are declared
irrigated with 11,614 acre-feet of water per annum in Schleicher and Menard
counties. More than half of this area is above the station.

RecuraTioN.—Flow unregulated by storage or water-power plants but is largely
controlled by diversion to Noyes canal. .

Accuracy.—Stage-discharge relation practically permanent during low and medium
stages, but changes during high water; changed somewhat during period October
6-12. Rating curve well defined between 1 and 90 second-feet. Determinations
of discharge above 100 second-feet may be subject to considerable error. Gage
read to hundredths twice daily; oftener during high water. Daily discharge
ascertained by applying mean daily gage heights to rating tables directly
October 1-5, October 13 to April 20, and June 3 to September 30; by shifting-
control method October 6 to 12 and April 21 to June 2. Records good except
for extreme stages for which they may be considerably in error.
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Discharge measurements of San Saba River at Menard, Tex., during the year ending
Sept. 30, 1917.
- Gage Dis- Gage | Dis-
Date. Made by height.| charge. || Date- Made by— height. | charge.
Feet. | Sec.-ft. Feet. | Sec-ft.
Dec. 14 | R.J. Hank............ 2.11 25.0 || May 17 | Victor Lieb.... ...... 2.34 33.8
Feb. 10 | Vietor Lieb............ 2.11 21.9 || June 30 | E. O, Francisco........ 1.86 2.4

Discharge measurements of Noyes Canal at Menard, Tex., during the year ending Sept.

.80, 1917.
_ Gage Dis- . Gage | Dis-
Dafe. Made by height. | charge. || 8% Madeby height. | charge.
Feet Sec.-ft. Feet. | Secft.
Dec. 14 | R.J.Hank...........|........ 22.0 || May 17 | Vietor Lieb............{........ 0.0
Feb. 10 | Victor Lieb............[........ 15.4 || June 30 | E, O. Franeisco........{........ 54,0
a See description of San Saba River at Menard, Tex. b Estimated.

Daily discharge, in second-feet, of San Saba River at Menard, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.0 20 28 23 50 23| 41 15 7.8 0.8 3.2
5.0 19 26 24 50 22| 30 13 7.1 7.1 5.7
5.0 19 26 23 50 21| 20 345 4.7 4.4 12
5.7 19 24 26 48 19 7.8| 96 4.1 1.8 18
5.7 19 21 26 48 16 4.1 67 2.9 2.6 135
5.0 19 21 26 52 15 3.8 47 1.8 2.9 67
6.4 21 22 26 53 14 9.2 56 1.4 1.8 26
7.8 23 23 26 53 18| 12 50 1.8 1.8 23
5.0 23 21 26 53 16 9.2 | 53 1.4 2.9|. 21
4.4 23(- 21 24 53 14 4.4 60 1.0 1.8 21
3.8 24 20 24 55 46 4.4 56 1.0 1.8 29
3.8 26 19 26 55 35| 67 46 1.9 2.0 29
4.1 26 19 29 18 301 19 36 3.5 2.3 32
4.4 26 20 29 18 26 9.2 18 3.8 1.6 35

13 26 21 29 16 26 9.2 14 35| 11 32
13 26 21 29 16 26 8.5 12 3.2 4.4 26
12 26 24 28 16 23| 28 20 7.8 1.6 23
12 26 26 29 16 62| 32 19 15 1.6 21
13 26 26 32 16 53 | 22 11 3.5 1.6 19
15 26 24 32 16 53| 82 9.2 1.6 1.8 6.4
16 28 24 29 16 46 | 280 4.4 L5 6.4 2.6
21 28 24 30 16 38| 67 2.9 1.8 3.2 2.6
21 28 26 47 16 36| 36 1.9 1.6 2.9 3.2
20 29 26 50 16 421 34 1.9 1.2 1.9 2.9
16 28 26 48 15 47 | 34 5.7 1.8 L7 2.0
18 26 24 47 15 47 | 34 9.2 1.0 1.7 1.4
18 23 26 47 16 461 35 9.2 .8 1.5 1.1
18 23 26 48 21 41 | 34 11 .8 1.4 1.0
16 26 26 [....... 18 40 | 32 7.8 .8 1.4 1.0
18 26 26 |....... 14 501 34 4.7 7 L7 .8
....... 29 X 1....... 13f.......| 15 ceaneas .7 2.8 .......
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Monthly discharge of San Saba River at Menard, Tex., for the year ending September

80, 1917.
Discharge in second-feet.
Run-off (to-
Month. tal in ac(re-
Maximum. | Minimum. | Mean. feet).
34 4.7 15.8 972
21 3.8 11.0 656
29 19 24,4 1,500
28 19 23.6 1,450
50 23 315 1,750
55 13 2.9 1,840
62 14 33.0 1,960
280 3.8 34.1 2,100
345 1.9 36.7 , 180
15 7 2.95 181
1 .8 2.70 166
135 .8 20.1 1,200
345 .7 22.1 16,000

SAN SABA RIVER NEAR SAN SABA, TEX.

LocaTtioN.—200 feet above Beveridge highway bridge, 1 mile below mouth of China
Creek, 2 miles northwest of San Saba, San Saba County, 3 miles below mouth of
Richland Creek, 4 miles above mouth of Simpson Creek.

DRAINAGE AREA.—3,000 square miles.

RECORDS AVAILABLE.—December 30, 1904, to December 31, 1906; September 11,
1915, to September 80, 1917. Miscellaneous discharge measurements previous
to 1904.

Gace.—Vertical and inclined staff, on right bank; read by G. M. Pool. From Decem-
ber 30, 1904, to December 31, 1906, gage heights were obtained by measuring
with a tape from a reference point on the bridge to the water surface: Relation
between datum used 1904-1906 and that of present gage is not known.

DiscHARGE MEASUREMENTS.—Made by wading or from downstream side of bridge.

CHANNEL AND cONTROL.—Channel straight above and below station for 100 feet.
Bed composed of rock and gravel; shifts. Left bank composed of gravel and
clay, wooded, high, and not subject to overflow; right bank consists of clay and
gravel, wooded, sloping, medium in height, and subject to overflow during high
water. A shoal at a ford about 75 feet below gage serves as control during medium
and low stages; control is free from vegetation and is fairly permanent during low
and medium stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 21.5 feet 1.30
p. m. June 3 (discharge not determined); minimum stage, 0.84 foot during July
13 (discharge, 6.8 second-feet).

1904-1906; 1915-1917: Maximum stage recorded, 31.7 feet August 7, 1906 (dis-
charge not determined); minimum flow July 18, 1917.

Ice.—None reported during year.

Diversions.—Considerable water is diverted or pumped from the stream and tribu-
taries above station. There are also diversions below the station, but none in the
vicinity of the station. The Second Report of the Board of Water Engineers for
the State of Texas shows that about 11,000 acres of land were declared
irrigated, and that about 23,000 acre-feet of water is used each year from
San Saba River. A large part of this amount is diverted above the station.
Flood water from Brady Creek at Brady is stored for municipal uses; capacity of
reservoir not known but probably small. City of Menard uses small amount for
waterworks.

ReauraTioN.—Flow not regulated by dams or reservoirs,
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Accuracy.—Stage-discharge relation fairly permanent during low and medium
stages. Rating curve fairly well defined between 15 and 1,200 second-feet; de-
terminations above 1,200 second-feet possibly subject to considerable error.
Rating curve previously used for 1915 and 1916 has been revised in accordance
with measurements at higher stages subsequently made. Gage read to hundredths
twice daily; oftener during high water. Daily discharge ascertained by apply-
ing mean daily gage height to rating table as indicated in footnote to table of
daily discharge. Records excellent except for periods of high water.

Records of daily and monthly discharge for 1915 and 1916, based on revised rating
curve, are published herewith and supersede those previously published.

Discharge measurements of San Saba River near San Saba, Tex., during the year ending
Sept. 30, 1917.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— height. | charge.
Sec.-ft.
Dec. 12 June 5 374
Feb. 9 5 296
ok 5 b
une
5 July 1 22.9

Daily discharge, in second-feet, of San Saba River near San Saba, Tex., for the period
Sept. 11, 1915, to Sept. 30, 1916.

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

210 128} 111 120 235 94 | 401 | 1,500 70 30 46 32
200 120} 111 118 128 83 | 543 | 2,400 70 35 46 33
187 | 128 | 109| 116 | 120 87| 837 699 69 30 49 35
182 | 120 106 | 111 | 120 85| 194 311 63 25 55 34
171 122 111 | 11| 120 85| 150 218 67 23 55 30

314 | 150 102 | 116! 140 99.1 821 102 118 37 40 49
136 | 102 | 111 124 | 102 87 99 111 55 42 48
257 | 124 | 102 | 120| 111 95 94 94 104 87 50 38 48
257 | 124 106 | 111 | 111 94 92 94 104 45 37
230 | 120 102 111 | 111 85 85 95 106 31 50 38 132
218 | 124 | 104} 111 | 118 85 73 94 88 52 40
205 124 102| 111} 118 85 72 92 79 26 60 38 82
205) 120 104 | 113 ] 116 85 70 92 78 23 57 33 60
. 230 | 120 106 | 113| L8 |...... 64 87 72 26 51 35 56
cerenne 128 |...... 18| 200 |...... 67 |...... 70 |...... 51 36 [eeu.ns

No1E.—Discharge determined as follows: Sept. 11 to Oct. 20, 1915, and Oct. 23, 1915, to Sept, 30, 191?i
directly from rating table; Oct. 21 and 22, 1915, by shifting-control method. Discharge, Sept. 18, 1915, an
May 1'and 2, 1916, determined from extension of rating curve, and possibly subject to considerable error.
Dec. 26, 1915, by interpolation.

03838°—19—wsp 458—4
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Daily discharge, in second-feet, of San Saba River near San Saba, Tex., for the year ending

Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
56 41 78 64 63 66 35 42 64 22 14 48
55 41 78 67 62 67 30 41 62 18 13 41
52 42 70 70 59 66 29 41 | 4,100 11 13 45
49 43 64 73 54 67 28 44 901 15 14 1,180
45 44 62 70 56 4 26 37 352 20 19 501
44 42 56 70 55 76 24 40 191 30 21 244
44 42 62 64 59 73 24 44 128 21 16 320
46 38 62 67 64 72 26 43 97 19 11 134
52 35 56 59 67 69 23 40 k(] 19 9.6 82
46 35 60 59 64 66 22 39 73 7.6 7.8 87
46 35 56 64 66 67 26 39 59 721 10 30
44 38 56 62 63 72 24 160 46 9.21 19 215
56 41 60 63 63 67 29 72 42 6.8( 14 130

44 57 60 64 64 30 90 37 8.8 8.8 9%
56| .43 67 62 66 62 35 97 32 12 7.4 69
54 42 63 62 62 59 34 74 25 9.6 7.6 52
54 44 57 69 56 64 30 67 36 8.0 9.2 46
52 52 59 80 56 44 29 55 29 7.6 13 44
50 56 59 74 54 39 128 50 24 10 28 39
50 55 63 78 51 38 178 228 21 14 39 39
49 55 64 84 48 35 82 474 15 26 180 36
48 70 63 80 51 36 60 | 1,240 10 27 210 38
48 69 74 54 36 42 71 9.6 16 102 41
45 67 73 76 49 34 38 169 20 16 57 40
45 56 70 74 48 36 29 122 59 10 38 33
41 k(i 70 72 51 35 30 95 22 8.0 32 29
42 76 72 67 55 35 41 87 16 8.8] 22 44
43 74 79 69 56 30 97 84 15 9.2 22 28
41 72 72 27 48 80 13 18 27 25
42 73 72 30 41 78 12 13 30 25
41 f....... 70 . 29 |....... 69 | .ece.nn 16 7% |.......

NoTe.—Discharge determined as follows: Oct. 1 to Jan. 16, and May 20 to Sept. 30, directly from rating
table; Jan. 17 to May 19 by shifting-control method. Discharge June 3 determined from extension of rating
curve; subject to considerable error. Oct. 14-19 by interpolation.

Monthly discharge of San Saba River near San Saba, Tex., for the years ending Sept.
80, 1916 and 1917.

Discharge in second-feet.
Run-off
Month. (total in
Maximum. | Minimum.| Mean. | 8cre-feet).
Octaober.... 483 120 171 10, 500
136 102 118 7,020
768 106 162 9,960
200 102 117 7,190
235 85 109 6,270
94 64 81.5 5,010
543 87 149 8,870
2,400 70 267 18, 400
162 23 50.4 3,000
116 22 37.8 2,320
55 35 40.9 2,510
235 30 57.2 3,400
2,400 22 114 82, 400
56 41 48.1 2,960
76 35 51.4 3,060
79 56 65.1 4,000
84 59 68.6 4,220
67 48 57.7 3,200
76 27 52.7 3,240
178 22 43.9 2,610
1,240 37 139 8, 550
4,100 9.6 250 14,900
30 6.8 14.3 879
210 7.4 35.2 2,160
1,180 25 128 7,620
4,100 6.8 79.2 57,400
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NORTH LLANO RIVER NEAR JUNCTION, TEX.

Looation.—About 500 feet above remains of old Wilson dam, 1 mile below mouth of
Bear Creek, 2} miles above North Llano highway bridge, 3 miles northwest of
Junction, Kimble County, 4 miles above confluence of North Llano and South
Llano rivers.

DrAINAGE AREA.—803 square miles.

RECORDS AVAILABLE.—September 14, 1915, to September 30, 1917.

Gace.—Overhanging chain gage on left bank; read by W. T. Hardesty.

DiscHarGE MEASUREMENTS.—Made by wading or from highway bridge 2} miles
below station.

CHANNEL AND coNTROL.—Bed composed of solid rock; clean and permanent. Chan-
nel straight above and below for 400 feet, with a series of pools and rapids. Left
bank high, clean, and not subject to overflow; right bank low, wooded, and sub-
ject to overflow during high stages. One channel at all stages; current sluggish
at gage during low and medium stages. A solid rock ledge of approximately
2 feet vertical fall at site of old dam serves as a permanent control for mediura
and low stages; control clean and free from vegetation.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.96 feet at 7.30
a. m. May 21 (discharge, 700 second-feet, determined from extension of rating
curve and possibly subject to some error); minimum stage, no flow July 16 to
September 2 and September 30.

1915-1917: Maximum stage recorded, 18.0 feet during nightof September 15, 1915
(discharge not determined); minimum stage, no flow July 16 to September 2
and September 30, 1917,

IceE.—None reported during year.

Drversions.—Data do not show that large areas are irrigated in drainage area above
gtation; some land is irrigated below station with water taken from North Llano
River.

RecuraTioN.—No indication that flow at station is regulated.

Accuracy.—Stage-discharge relation permanent during low and medium stages.
Rating curve well defined below 100 second-feet. Gage read to hundredths twice
daily; oftener during high water. Daily discharge ascertained by applying mean
daily gage height to rating table. Records good for medium and low stages; de-
terminations of discharge above 100 second-feet subject to error.

Discharge measurements of North Llano River near Junction, Tex., during the year ending
Sept. 30, 1917.

— Gage Dis- — Gage | Dis-
Date. Made by height. | charge. || D8te- Made by height. | charge.
Feet. | Sec -ft Feet. | Sec.-ft.
Dec. 13| R.J.Hank............ 1.30 6.2 [| May 16 | Vietor Lieb.._......... 1.24 9.8
Feb. 10 | Victor Lieb. ..o m.... 1.28 12 0 || June 29 | E. O. Francisco........ ! 02 .5




52 SURFACE WATER SUPPLY, 1917, PART VIIL

Daily discharge, in second-feet, of North Llano River near Junction, Tex., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr., | May. | June. | July. | Aug. | Sept.
1.7 5.1 11 14 14 16 14 9.0 13 1.6 0.0 0.0
1.7 5.1 11 14 16 21 14 9.0 13 1.5 .0 .0
1.7 5.1 11 16 16 19 14 7.8 13 1.4 .0 5.1
1.7 5.1 12 16 16 16 14 7.8 13 1.4 .0 3.1
1.7 5.1 12 16 14 16 14 7.8 11 1.2 .0 1.5
1.7 5.1 12 14 14 16 14 7.8 11 1.2 .0 1.3
1.7 5.1 12 14 14 16 14 7.8] 10 1.0 .0 1.3
17 5.7 11 14 14 14 14 7.8 9.0 .9 .0 1.2
1.7 5.7 11 14 14 14 13 7.8 7.8 .8 .0 1.0
1.7 5.7 11 14 14 14 13 7.8 7.8 9 .0 .9
1.7 5.7 11 14 14 14 13 7.8 6.6 .6 .0 .9
3.4 5.7 11 14 14 14 13 | 157 6.0 .4 .0 .8
4.5 5.7 11 14 14 14 13| 37 5.7 .3 .0 .7
4.5 6.6 13 14 14 14 131 19 5.1 .2 .0 .6
4.5 7.8 13 14 14 14 13| 15 4.5 .1 .0 .6
3.9 6.6 13 14 14 14 13 14 3.9 .0 .0 4
5.1 5.7 13 14 14 14 13| 13 3.9 .0 .0 .4
5.1 6.6 13 14 14 14 13 13 3.4 .0 .0 .3
5.1 7.8 13 14 14 14 13| 11 2.8 .0 .0 .5
5.7 9.0 13 14 14 14 11| 47 2.0 .0 .0 9
5.7 9.0 13 14 14 14 11| 392 1.8 .0 .0 .8
57| 10 13 14 14 14 11} 131 1.5 .0 .0 .9
57 11 13 14 14 14 11| 44 15 .0 .0 7
57| 11 13 14 14 13 111 26 1.5 .0 .0 .6
571 11 13 14 14 13 1] 22 1.5 .0 .0 .5
5.7 11 13 13 11| 18 5.5 .0 .0 .4
57| 11 14 13 10 21 4.0 .0 .0 .3
51 11 14 13 10| 18 3.0 .0 .0 .2
57 11 14 13 10 16 2.3 .0 .0 .1
571 11 14 13 10 14 2.3 .0 .0 .0
5.7 [caeannn 14 13 foeeee.. 4 ... .0 1 P .

Nore.—Discharge June 24-29 determined from record for Llano River near Junction.

Monthly discharge of North Llano River near Junction, Tex., for the year ending Sept. 30,
1917.

i nd-feet.

Discharge in second-feet Run-off

Month. (total in

Maximum. | Minimum. | Mean. | 2cre-feet).
[ 7573 A 5.7 1.7 3.95 43
November. 11 5.1 7.57 450
December.. 14 11 12.5 769
January . . 16 14 14.2 873
February . 16 14 14.4 800
March. . 21 13 14.5 892
April. . 14 10 12.4 738
ay ... 392 7.8 36.5 2,240
June. .. 13 1.5 5.91 352
July... 1.6 0 .43 26
August. .. .0 0 .00 0
5170775341 0T SR 5.1 0 .86 51
U TR U 392 1] 10.3 7,430
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LLANO RIVER NEAR JUNCTION, TEX.

LocaTion.—100 feet north of Kerrville-Junction road, a quarter of a mile northeast
of Oliver’s ranch house, 3 miles below confluence of North Llano and South
Llano rivers, 3% miles east of Junction, Kimble County, 4 miles above creek
entering river from south.

DRAINAGE AREA.—1,700 square miles.

RECORDS AvAILABLE.—September 13, 1915, to September 30, 1917.

Gager.—Vertical staff, reading from 0 to 7.5 feet, attached to tree on right bank, and
inclined staff, reading from 7.6 to 19.5 feet, a few feet upstream from vertical
staff; read by Sadie Oliver.

DiscHARGE MEASUREMENTS.—Made by wading at Mason road crossing a quarter of
a mile above gage, or from cable 400 feet above gage.

CHANNEL AND CONTROL.—Bed composed of solid rock, clean, and permanent.
Channel straight for 700 feet above and 350 feet below the gage. Left bank of
medium height, slightly wooded, and subject to overflow during high water;
right bank clean, high, and not subject to overflow. One channel at all stages
except during extreme floods, when a small part of the flow may follow a slough
that leaves the river a short distance above the gage, passes to the south of Oliver’s
ranch house, and enters the main stream below the gage. Such conditions do
not occur, however, at intervals more frequent than 10 to 15 years and will not
greatly affect records. Rock ledge about 75 feet below gage, forming a fall of
about 3 feet, serves as permanent control for low and medium stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 1.88 feet during
night of May 11 (discharge, 192 second-feet); minimum stage 1.34 feet during
August 24 and 25 (discharge, 17 second-feet).

1915-1917: Maximum stage recorded, 26.3 feet at 3 a. m. September 16, 1915
(discharge not determined); minimum stage August 24 and 25, 1917.

Tce.—None reported during year.
Drversions.—The Second Report of the Board of Water Engineers for the State of
Texas shows that 4,741 acres of land have been declared irrigated requiring 9,482
acre-feet of water annually from Llano River and tributaries above the station .
on the assumption that the duty of water is 2 acre-feet per acre. Available data
show that a large part of thisland isin the vicinity of Junction, near the confluence
of North Llano and South Llano rivers. A filing of 500 second-feet for continuous
use in connection with hydraulic power for the Junction Gin & Water Co. is also
listed in the same report.

RecuraTION.—No apparent regulation of the flow at this point.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well de-
fined between 20 and 300 second-feet. Gage read to hundredths once daily;
during high water oftener. Daily discharge ascertained by applying mean daily
gage heights to rating table. Records excellent for medium and low stages;
determination of discharge above 400 second-feet may be subject to error.

Discharge measurements of Llano River mear Junction, Tex., during the year ending
Sept 30, 1917.

Date. Made by— hm' ch];lrig-e Date. Made by— hg}iag%et. ch]griig-e.
Feet Sec. t Feet. | Sec. -ﬂ

Dec. 14| R.J. Hank............. 1.5 May 16 Victor Lieb....coeeeenn 1.48

Feb. 11 | Vietor Lieb............. 1. 55 62 3 June 29 | E. O, Francisco........ 1.43 31 2

May 16 |.....d0.................L 1.48 52.0
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Daily discharge, in second-feet, of Llano River near Junction, Tex., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
) DO coees 60 63 63 69 66 56 56 48 48 27 27 25
2 60 63 63 69 66 56 56 48 48 24 24 25
b 60 63 63 69 66 56 56 43| - 56 27 24 34
4o el 60 63 63 69 66 56 50 43 48 24 24 79
[ 60 63 63 69 66 56 50 43 48 24 24 132
[ P 53 56 63 69 66 56 50 43 48 20 27 79
Teeeaeeaanen 53 56 63 69 60 56 50 43 45 20 27 48
| S, 82 56 63 69 60 56 50 66 45 20 27 48
L 76 50 63 69 60 56 56 38 45 20 24 48
100cceaaenes cans 76 56 63 69 60 56 63 38 43 20 24 48
) S . 69 56 63 69 72 56 63 101 43 20 24 90
120 et 69 56 63 69 72 63 69 60 38 20 24 43
B 69 63 63 69 72 63 69 60 25 20 24 43
) 69 63 63 69 66 63 69 60 25 20 24 38
j 1. T 69 63 63 69 66 63 69 53 25 20 20 38
) 1 T 76 63 69 69 66 63 69 45 25 20 20 43
170t 76 63 69 69 66 63 63 45 25 32 20 43
18 et 76 63 69 69 66 63 63 45 25 32 20 43
19, e 82 63 69 69 66 63 63 45 25 32 20 43
20.ceeiciinnnnns 82 63 69 69 66 63 56 86 22 32 82 43
b3 82 63 69 76 66 63 56 86 22 32 32 43
220 82 63 69 76 72 63 56 66 22 32 20 43
2.l 82 63 69 69 72 63 56 48 22 32 20 38
. 82 63 69 69 72 63 50 48 22 32 17 38
P 82 63 69 69 66 63 45 48 25 32 17 38
2. 82 63 69 69 66 63 45 48 29 32 20 38
b1 82 63 69 69 66 56 45 48 29 32 20 38
28 82 63 69 69 66 56 45 48 29 32 36 38
bt I 69 63 69 69 |....... 56 45 48 34 27 27 38
30, il 69 63 69 69 1....... 56 50 48 34 27 27 43
3 P 63 |....... 69 69 1....... 56 [....... 48 |ooo.... 27 27 feeuennn
Monthly discharge of Llano River near Junction, Tex., for the year ending Sept. 80, 1917.

i = L

Discharge in second-feet. Run-off

Month. (total in

Maximum.| Minimum. | Mean, | 8cre-feet).
[0 e S 82 53 72.1 4,430
63 50 61.2 3,640
69 63 66.1 4,060
76 69 69.5 4,270
72 60 66.4 3,690
63 56 59.4 3,650
69 45 56.1 3,340
101 38 52.8 | « 3,250
56 22 34.0 2,020
32 2 26.2 1,610
82 17 25.6 1,570
132 25 7.6 2,830
132 17 53.0 38,400
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BARTON CREEK AT AUSTIN, TEX,

LocaTioN.—500 feet below Barton Springs, 1,100 feet above Bee Cave highway
bridge, half a mile above confluence with Colorado River, half a mile southwest
of Austin, Travis County.

DranageE AREA.—Indeterminate. Normal flow at stition comes from Barton
Springs; drainage area of stream not applicable.

Rrcorps AvaiLaBLE.—April 25, to September 30, 1917. Miscellaneous discharge
measurements have been made from 1894 to 1906, and during 1916 and 1917.

Gaae.—Vertical staff, two sections, reading from 0 to 10 1 feet and 10. 2 to 20.3 feet,
attached to large tree on left bank read by M. L. Farquhar. April 25 to May
23, gage readings from a vertical staff gage 300 feet downstream. Relation be-
tween datums not known.

" DiscHARGE MEASUREMENTS.—Made by wading about 800 feet below gage.

CHANNEL AND coNTrROL.—Bed composed of rock, gravel, and sand. Banks high.
wooded, and not subject to overflow. One channel at all stages. Shoal just below
gage serves as a control during ordinary flow, but weed growth in channel affects
stage-discharge relation. Flood stages in Colorado River cause backwater at the
station.

ExTrREMES OF DISCHARGE.—Maximum flow during period of record, June 1 to 4
(discharge, 19 second-feet, or 11,300,000 gallons per day); minimum flow, May
20 and 21, and August 2-20 (discharge, 13 second-feet, or 8,400,000 gallons per day).

1894-1906; 1916-1917: Maximum flow recorded August 31, 1900, and June, 1903
(discharge, 69 second-feet, or 44,600,000 gallons per day); minimum flow, May
20 and 21, 1917, and August 2-20, 1917.

Ice.—None reported.

Diversrons.—So far as known no diversions above or below station.

RecuraTion.—Flow not affected by water power plants or controlling works. Dis-
charge of Barton Springs regulates flow during ordinary conditions. Flow is
perennial at station, but from a point 3 miles northeast of Oak Hill to Barton
Springs, is erratic, occurring only during heavy precipitation.

Accuracy.—Stage-discharge relation affected by growth of weedsin channel. Rating
curve poorly defined; discharge determined by interpolation between discharge
measurements. Gage read to hundredths twice daily. Constant flow does not
require additional readings. Frequent discharge measurements increase accu-
racy of records. Records good.

Discharge measurements of Barton Creek at Austin, Tex., during the year ending Sept. 30,

1917.
Date. Made by— h‘i{’:fﬁt, cl?z;?ge. Date. Made by— h(é}igxet. ch)i;irsg'e.
Feet.
Feb. 23 | Gray and Hank........|........
Apr. 26 | Vietor Lieb............ 1.26
ay 11| Grayand Lieb......... 1.22
June 1 | Hank and Francisco. . 1.28
12 | Lieb and Gray......... 1.30
26 a.nk and Francisco. . 1.35
26 |.....dO... it 1.35 .
July 14 Congdon and Franclsco 1.40 15.8
28 | Hank and Congdon. . 1.45 14.9

o Referred to datum of new gage.
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Dadly discharge, in second-feet, of Barton Creek at Austin, Tezx., for the year ending Sept. 30,
1917.

Monthly discharge of Barton Creek at Austin, Tex., for the year ending Sept. 30, 1917.

Discharge in second-feet. Run-off
_ Month. (total in
o Maximum. | Minimum.| Mean, | 8cre-feet)
15 15 15.0 179
18 13 15.3 941
19 17 18.0 1,070
17 14 15.4 947
15 13 13.6 836
18 14 16.7 994
........................ 4,970

GUADALUPE RIVER BASIN.

GUADALUPE RIVER AT NEW BRAUNFELS, TEX.

LocATioN.—At highway bridge on San Antonio-Austin post, road 700 feet below
International & Great Northern Railway bridge, 1 mile below mouth of Comal
River, 1 mile northeast of center of New Braunfels, Comal County.

DRAINAGE AREA.—1,760 square miles.

RECORDS AVAILABLE.—March 13, 1898, to December 30, 1899; January 27, 1915,
to September 30, 1917.

GAGE —~Stevens water-stage recorder referred to staff gage in well, attached to down-
* stream side of middle pier of highway bridge. A vertical staff gage in three sec-
tions attached to trees on left bank 200 feet below highway bridge and one section
on east side of left pier of highway bridge was read from January 27, 1915, to Sep-
tember 28, 1917, when recorder was installed. Gage used from March 13, 1898,
to December 30, 1899, was an inclined staff gage near present highway bridge;
relation between datum of earlier gage and that of present gage not known. Dur-
ing normal flow levels show 0.08 foot fall between intake of recorder and vertical
staff gage location. Vertical staff gage in well of recorder set to read same as ver-
tical staff downstream.

DisCHARGE MEASUREMENTsS.—Made from downstream side of bridge.

CHANNEL AND cONTROL.—Bed composed of solid rock with pockets of coarse gravel;
banks gravel, clay, and rock, slightly wooded, high, and not subject to overflow.
Rock and gravel shoal just below gage serves as control; permanent.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.60 feet at
6 a. m. September 7 (discharge, 2,370 second-feet); minimum stage, 1.50 feet
August 26 to September 2 (discharge, 305 second-feet).

1898-1899 and 1915-1917: Maximum stage recorded, 27.2 feet at 9.30 p. m. Sep-
tember 17, 1915, determined by leveling from flood marks (discharge not deter-
mined); minimum stage recorded, August 26 to September 2, 1917,

Ice.—None reported during year.

Drversions.—Some water diverted for irrigation above station in Kerr and Comal
counties, and for water power, waterworks, and other municipal uses in Kerr,
Kendall, and Comal counties; amount not known.

_ReguraTion.—Flow at this point slightly regulated by operation of power plants.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined below 7,000 second-feet. Gage read to hundredths twice daily prior to
September 28. Mean daily gage height obtained from two readings may not be
a true index of mean daily flow because of fluctuation caused by operatious of
power plant. Gage heights from recorder chart determined by planimeter. Daily
discharge ascertained by applying mean daily gage height to rating table. Rec-
ords good.

Discharge measurements of Guadalupe River at New Braunfels, Tex., during the year
ending Sept. 30, 1917.

Gage Dis~ Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— heiﬁlt. charge.
Feet. | Sec.ft. Feet. | Sec.-ft.
Oct. 4| Grayand Lieb......... 1.72 95 || June 21 | Francisco and Hank...| 1.51 310
Jan. 10 | Gray and Kessler..... 1.71 384 || Aug. 24 | Congdon and Francisco.| 1.60 334
Mar. 1| Grayand Hank........ 1.70 377 || Sept. 13 | Gray and Walsh....... 1.75 403

Daily discharge, in second-feet, of Guadalupe River at New Braunfels, Tex., for the year
ending Sept. 30, 1917.

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

21 524 380 390 380 | 390 380 358 508 323 371 320 329
22.. 470 470 390 420 390 380 358 470 332 358 320 329
23 430 450 390 4551 390 380 358 524 329 320 329
24 430 430 390 440 390 380 358 470 329 358 320
25 425 400 430 390 380 358 420 323 358 317 320
26 405 430 405 430 39 [ 380 358 38 | 320 358 305 320
2 405 430 430 ( 390 | 380 358 440 320 358 305 317
28 405 420 390 420 | 390 380 | 358 420 320 358 305 311
29.. 405 390 405 |....... 380 358 380 320 358 305 317
80.. 390 420 | 390 405 |....... 380 358 380 320 305 317
31 405 |....... 405 400 |....... 380 J.......| 405 |....... 335 305 |.......

4056 405 4051 390| 38| 380 344 380 329 335 305 °
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Monthly discharge of Guadalupe River at New Braunfels, Tex., for the year ending Sept. 30,
1917.

Discharge in second-feet. Run-off
Month. (total in
Maximum. | Minimum.| Mean. | 3% feet).

[ 70] T U 711 371 427 26,
November. . ...ttt ae e 470 3711 402 23,
DOCOMDOT . . e eeeeneeeaneeraaneaaanerenraannaronsaanns 405 300 2,
January..... 455 380 404 24,
February 405 380 388 21,
March.... 380 380 380 23,
April..... 380 358 369 22,
8 858 344 478 29,
June 390 320 343 20,
TJuly...... 390 329 358 22,
August... 5 305 326 20,
September. 1,560 305 408 24,
The year 1,560 305 390 282,

8888588588888

GUADALUPE RIVER NEAR GONZALES, TEX.

Locarion.—Just below Guadalupe highway bridge, 1} miles south of Gonzales, Gon-
zales County, 1 mile below power house of Gonzales Water Power Co., 2} miles
below mouth of San Marcos River.

DrAINAGE AREA.—3,620 square miles (revised).

REcorps avamaBLeE.—July 1, 1915, to September 30, 1917. The United States
Weather Bureau has obtained records from a gage at power house of Gonzales
Water Power Co. since September 1, 1904.

Gaae.—Vertical staff in three sections on right bank just below bridge; read by
Albert Garcia. Relation between this gage and that of United States Weather
Bureau not known. i

DiscrARGE MEASUREMENTS.—Made from cable one-fourth mile below gage, or by
wading below cable.

CHANNEL AND CONTROL.—Bed composed of gravel and sand; channel below station
is straight for 500 feet, but above is broken by an island and is straight for not
more than 50 feet. Banks composed of gravel and clay; medium height; wooded
along water’s edge on the right and for some distance back on the left; subject to
overflow only during extremely high stages. Position of control not known.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.14 feet from
8 to 9.30 a. m. May 8 (discharge, 7,800 second-feet); minimum stage, 0.62 foot at
6.30 p. m. August 25 (discharge, 350 second-feet).

1915-1917: Maximum stage recorded, 23.25 feet at 7 a. m. May 25, 1916 (dis-
charge, 22,800 second-feet; determined from extension of rating curve and pos-
sibly subject to error); minimum stage, August 25, 1917.

Ice.—None reported during year.

DiversioNs.—Some water diverted for irrigation above this point by gravity or pump-
ing, but the amount is small in comparison with the total run-off. As rainfall is
nearly sufficient for general farming, irrigation is intermittent and it is extremely
difficult to estimate the amount of water used.

ReaurarioN.—Flow at this point regulated somewhat by operation of water-power
plants in the drainage above. Power house of Gonzales Water Power Co. is
located one mile above station.

AccurAcy.—Stage-discharge relation practically permanent during the year. Rating
curve fairly well defined below 9,000 second-feet. Gage read to hundredths
twice daily. Mean daily gage height based on two readings may not be true
index of mean daily discharge because of fluctuation caused by power operations.
Daily discharge ascertained by applying mean daily gage height to rating table.
Records fair. )
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Discharge measurements of Guadalupe River near Gonzales, Tex., during the year ending
Sept. 30, 1917.

Gage | Dis- Gage | Dis-
Date. Made by— height.| charge. || Date- Made by~ height. | charge.
Feet. | Sec.-ft. Feet. | Sect.
Nov. 15 | Victor Lieb............ 1.03 @ 397 || June 20 | Hank and Francisco.. .| 0.80 410
Jan. 7| Gray and Kessler......| 1.28 558 || July 18| Congdon and Francisco .72 384
ﬁpr. 6 | Victor Lieb............ .96 439 || Aug. 29 | E. O. Francisco........ ©1.38 610
ay 8 { Hankand Gray........ 15.07 7,710
a Discharge uncertain.

Daily discharge, in second-feet, of Guadalupe River near Gonzales, Tex., for the year ending
Sept. 30, 1917.

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

488 488 548 474 523 488 502 388 448 394 370 424
478 488 530 481 523 488 502 391 439 391 365 424
467 495 530 481 537 488 502 412 433 391 360 409
460 502 540 502 537 484 502 430 430 388 360 388
448 488 551 502 537 484 454 460 424 388 365 516

430 488 548 509 537 484 448 478 421 388 365 467
418 488 548 516 637 484 451 | 3,450 415 388 365 385
406 481 % 516 gg; 484 454 | 6,170 415 388 360 370
406 481 548 516 537 484 454 805 403 394 360 388
454 474 537 516 523 488 478 n7 403 394 360 394
460 474 520 523 516 488 | 1,120 | 1,540 403 394 360 424
474 474 516 523 512 488 969 | 2,950 403 391 360 436

506
488 481 523 523 502 495 467 | 1,360 397 382 360 424

512 488 516 537 484 502 | 2,220 | 1,490 397 | 1,880 376 421
516 488 512 537 484 2,210 | 2,950 397 | 1,460 370 418
516 502 537 484 502 562 | 1,280 379 | 1, 365 424
5! 512 509 537 484 506 446 | 1,160 385 637 365 415
516 520 509 523 484 506 430 837 391 467 365 382
516 530 502 523 488 415 689 400 403 358 376
509 540 502 523 484 509 409 593 418 388 365 379
502 554 502 523 481 506 406 551 427 388 365 365
502 565 502 523 481 509 397 394 388 382 365
502 573 484 523 |...o... 506 388 530 388 388 448 365
495 554 478 523 |....... 506 388 512 388 382 439 365
488 |....... 474 523 |....... 502 t......] 488 1....... 382 424 [.......

Monthly discharge of Guadalupe River near Gonzales, Tex., for the year ending Sept. 30,

1917.
Discharge in second-feet. Run-off
Month. (total in
Maximum. | Minimum. | Mesn. | 8cre-feet).
520 400 480 29, 500
573 474 500 29, 800
558 474 521 32,000
537 474 518 31,900
537 481 507 28,200
509 484 496 30, 500
2,220 388 611 36, 400
6,170 388 1,280 78,700
48 379 406 24, 200
1,880 379 502 30,900
448 58 372 22,900
516 365 407 24, 200
6,170 358 551 399, 000
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GUADALUPE RIVER BELOW CUERO, TEX.

Locarion.—Three-fourths mile upstream from Heard’s bridge on Arneckville road,
1 mile south of Dietze farmhouse, 2 miles below Clinton bridge, 2} miles south-
east of Cuero, Dewitt County, 4 miles below Schleicher bridge, 8 miles below
dam used for power development.

DRAINAGE AREA.—H,020 square miles.

REcorps AvarLaBLE.—August 6, 1916, to September 30, 1917. From December 26,
1902, to December 31, 1906, and August 19, 1915, to August 6, 1916, a station was
maintained at Schleicher bridge, 4 miles above this point. Discharge at two
sites practically the same.

GageE.—Stevens water-stage recorder on left bank.

DiscaarGE MEASUREMENTS.—Made from cable 40 feet upstream from gage or by
wading below low-stage control.

CHANNEL AND coNTRoL.—Channel straight above and below station for 1,000 feet.
Bed composed of gravel and small rock; clean and not subject to Bhlft Left
bank composed of sand and dirt, covered with brush and open timber and is 20
feet high, but at stage above a gage height of 20 feet is overflowed, the water sub-
merging an area extending one-fourth mile back from the river; right bank com-
posed of sand and dirt, covered with brush and trees on sloping sides and
cultivated land on top; high and not subject to overflow. Rock and gravel rapids
250 feet below gage serves as a permanent control during low and medium stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, from water-stage
recorder, 9.58 feet at 3 p. m. May 9 (discharge, 6,930 second-feet); minimum
stage, from water-stage recorder, about 0.60 foot at 9 a. m. September 27 (dis-
charge, 80 second-feet); exact stage not determined because of sand in float well;
discharge determined from extension of rating curve and possibly slightly in error.

1916-1917 Maximum and minimum stages recorded in 1917.

Ice.—None reported during year.

Diversions.—Diversion of small quantities of water for irrigation in upper part of
Guadalupe River basin does not greatly influence flow at station. The second
report of the Board of Water Engineers for the State of Texas shows filings for
730 acre-feet per annum for the city of Cuero, 4,277 second-feet for continuous
use for municipal and manufacturing plants, 2,145 acre-feet per annum for New
Braunfels, Seguin, and Gonzales, and 2,900 acre-feet storage per annum in the
drainage basin above station.

RecuLaTroNn.—Flow regulated by operation of water-power plants upstream, chiefly
by a plant about 8 miles above.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 200 and 7,500 second-feet. Operation of the water-stage recorder
unsatisfactory, resulting in breaks in the gage-height record. Daily discharge
ascertained by applying to rating table mean daily gage height determined by
use of planimeter. Records good.

Discharge measurements of Guadalupe River below Cuero, Tex., during the year ending
Sept. 30, 1917.

Gage Dis- Gage Dis-
Date. Made by— height. | charge. Date. Made by height. | charge.
Feet. | Sec.ft. Feet. | Secft.
Nov. 9 1.50 587 433 2,540
10 .54 601 384 2,110
Jan. 8 1.82 703 332 1,80
Feb. 10 1.38 509 do 2.54 1,230
ﬁpr 7 1.26 491 (| June 19 | Francisco and Hank.. 115 394
ay 8 .85 4,630 || July 16 | Congdon and Fran-
9 .23 6,600 1.08 368
9 .35 6,740 17 1.06 825
9| .56 | 6,800 29 1.18 386
9 .52 6,870 || Aug. 29 .92 248
10 .66 2,840
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Daily discharge, in second-feet, of Guadalupe River below Cuero, Tex., for the year ending
Sept. 30, 1917.

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

702 636 476 680 410 355 526 465 410 492
718 690 426 841 614 614 514 457 454 394

718 564 520 553 432 | 1,210 426 382 794

8 608 602 438 | 1,130 410 373 284 746
614 492 641 586 658 | 1,660 410 364 284 860
663 476 630 520 | 1,430 | 3,530 399 355 306 866
602 658 624 663 | 2, 382 346 2 460
690 652 608 553 800 | 1,140 382 338 272 460
465 399 597 592 465 848 377 432 289 542
658 624 514 509 764 372 | 1,110 284 438
788 608 608 630 426 752 372 272 465
597 602 586 564 509 624 360 372 262 432

1 636 370 892 416 536
640 608 382 498 812 370 558 262 509
640 580 570 465 746 400 476 212 366
638 592 531 410 674 400 432 218 306
638 498 531 602 531 420 410 306 289
638 619 509 542 514 380 399 355 300
636 712 432 394 580 370 399 448 399
636 658 531 |....... 568 |...nonn 410 707 |oeennns

Nore.—Discharge Dec. 23-31 and June 21 to July 15 estimated from record on Guadalupe River near
Gonzales, Tex., and data furnished by engineers.

Monthly discharge of Guadalupe River below Cuero, Tex., for the year ending Sept. 30,

1917.
Discharge in second-feet. Run-off
Month. (total in
Maximum. | Minimum. | Mean, | 2cre-feet).

OCLODET . . v et eeeeeeene e eseme e e e e e meama e e en 782 377 537 33,000
794 487 614 36, 500
854 465 654 40, 200
758 399 603 37,100
707 426 590 32, 800
724 382 536 33,000
2,450 394 648 38, 600
6,460 355 1,310 80, 600
526 360 415 24,700
1,680 338 500 30, 700
707 212 335 20, 600
866 289 522 31,100
6,460 212 606 439,000

SAN MARCOS RIVER AT SAN MARCOS, TEX.

LocarioNn.—Just below Cape Ginning Co.’s mill, 300 feet southwest of main San
Marcos-Luling highway, 1 mile southeast of San Marcos, Hayes County, 1} miles
above mouth of Blanco River, 13 miles below dam of San Marcos Utilities Co.,
and the large springs that furnish a constant supply for the stream.

Dramvace.—Indeterminate,
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RECORDS AVAILABLE.—June 10, 1915, to January 19, 1916; March 13, 1916, to Sep-
tember 30, 1917. Miscellaneous measurements made from 1894 to 1903.

Gaee.—Stevens water-stage recorder on left bank, 300 feet below Cape Ginning Co.’s
mill. Gage used June 10, 1915, to January 19, 1916, was a vertical staff gage
attached to the sewer trestle of San Marcos Utilities Co., 1,000 feet below Austin-
San Antonio highway bridge, 14 miles above present site. No known relation
between datum of staff gage and that of water-stage recorder.

DiscBARGE MEASUREMENTS.—Made by wading.

CHANNEL AND coNTROL.—Bed composed of gravel and sand; some vegetation in the
flowing water. Channel straight for 200 feet above and below thestation. Water
very clear, deep, and with scarcely any sediment except during floods caused by
local rains. Channel was cleaned and dredged above and below gage June 21-29
to increase head for Cape Ginning Co.’s mill. Left bank wooded, high, and not
subject to overflow; right bank wooded, low, and subject to overflow, the water
spreading back a short distance to a second bank. Position of control not known;
current-meter measurements indicate that it changes slightly.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, from water-stage
recorder, 8.05 feet (no backwater from Blanco River) at 1 p. m. May 6 (discharge
not determined); minimum stage recorded, 0.38 foot at 4.30 p. m. August 22
(discharge, 20 second-feet; determined from extension of rating curve and pos-
gibly in error).

1915-1917: Maximum and minimum stages recorded in 1917.

Ice.—None reported during year.

Diversions.—A concrete dam just above the San Marcos-Luling road bridge makes
a pond for Roger’s resort and serves as a diversion dam for an irrigation plant on
left bank; diversion intermittent, but when used takes about 95 second-feet
from river. A water wheel is used to pump the water for irrigation and the water
that passes through it is returned to the river above Cape Ginning Co.’s dam.
About 1,000 feet above the station is a dam constructed for the purpose of creating
a pond from which water was pumped to the south-bank lands. Only pumping
plant or diversion between station and mouth of Blanco River is about 250 feet
below gage. Beckman dam, just below mouth of Blanco River, is used to
impound water for irrigation. During ordinary stages in San Marcos and Blanco
rivers this dam backs water up San Marcos River a distance of three-quarters of
a mile, but flood stages in Blanco River produce backwater at the station. The
Second Report of the Board of Water Engineers of Texas shows a declared acreage
of 989 acres in Hayes County being irrigated from San Marcos River by means
of 1,978 acre-feet of water per annum. A large part of this area is above the
station. The Report of the Board of Water Engineers also shows a filing of
1,120 acre-feet per annum for waterworks by San Marcos Utilities Co.

ReeuratioNn.—Flow at station entirely regulated by dams above, the greatest effect
being that produced by the power dam of the San Marcos Utilities Co. in the
upper part of the city of San Marcos, near the springs. This dam backs water
over the springs that form the source of supply of the river during ordinary stages.
Water is stored at this point throughout the afternoon and evening and released
during the morning. Large fluctuations are also caused by operation of water
wheel at Cape Ginning Co.’s ngill.

Accuracy.—Stage-discharge relation changes slightly; rating curve fairly well
defined from 35 to 200 second-feet. The periods of back-water from Blanco River
are of short duration only and the constant flow of San Marcos River allows esti-
mates of the discharge to be made without material reduction in accuracy.
Mean daily gage height determined by use of planimeter. Discharge determined
by shifting-control method. Records good.
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Discharge measurements of San Marcos River at San Marcos, Tex., during the year
ending Sept. 30, 1917.

Gage Dis- Gage | Dis-
Date. Made by— height. charge. || Dte: Made by— height. | charge.
Feet. | Sec.ft. Feet. | Sec.ft.
Oct. 4] Gray and Lieb......... 1.56 | 105 Jan. 13| R, J. Hank............. 1.44 83.6
28 | Gray and Hank. 1.71 110 Feb. 20 | Hank and Gray. 1.56 91.4
Nov. 25 {..... d0.eneenn- 1.39 87.0 || Mar. 21..... d0.cucnn.n 1.65 91.2
Dec. 19 |.....do.... 1.25 72.7 || May 19 |.....do 1.38 81.5
19{.....do.. 1.27 78.5 23 [-..-- [+ 1 R 1.20 66.6

1.10 62.3 || June 8| Franciscoand Gray....| 1.64 103
.80 37.8 || July 18 | Congdon and Franciso. . a.gg 2(133

.71 38.3 || Aug. 24 | R.J. Hank............. .

a Stage-discharge relation changed by cleaning of channel.

Daily discharge, in second-feet, of San Marcos River at San Marcos, Tex., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
119 124 121 122 118 112 117 104 114 88 83 83
139 128 124 123 118 105 114 99 108 87 80 84
133 120 121 126 118 80 117 102 114 90 76 85
123 121 113 125 116 114 105 111 105 96 108 81
117 117 114 122 116 104 108 108 104 92 88 87
118 122 99 122 116 110 111 314 109 91 85 87
118 120 114 119 114 113 112 122 103 85 86 81
113 120 116 114 114 105 114 114 105 83 87 84
127 126 112 114 114 107 112 108 106 92 84 89
126 123 123 113 114 108 114 108 113 88 88 81
111 123 105 112 112 115 106 115 110 88 87 94
112 114 114 112 112 98 114 131 100 90 92 82
115 122 117 108 112 111 113 125 110 89 87
110 124 123 112 112 103 113 108 102 87 91 87
126 121 118 112 112 115 114 105 104 90 92 88
125 124 117 116 112 111 113 122 104 88 85
125 103 121 114 110 105 113 116 108 84 87 82
125 125 116 112 110 119 115 114 107 78 85 79
136 112 102 113 110 110 115 105 115 86 96 85

NoTe.—Recorder not in operation Feb. 2-19 and_Sept. 17, 29, and 30; channel cleaned June 21-29; dis-
charge during these periods determined by interpolation.
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Monthly discharge of San Marcos River at San Marcos, Tex., for the year ending
Sept. 30, 1917.

Discharge in second-feet. Run-off (to-
Month. tal in acre-
Maximum. | Minimum.| Mean. feet).
139 107 123 7,560
132 103 121 7,200
124 99 115 7,070
128 108 115 7,070
118 104 112 6,220
119 80 108 6,640
117 102 110 3
314 99 119 7,320
115 88 106 6,310
97 78 87.3 5,370
108 75 88.4 5, 440
94 79 85.3 5,
314 75 108 77,800

SAN MARCOS RIVER AT OTTINE, TEX.

LocatioN.—Above highway bridge one-fourth mile southwest of Ottine, Gonzales
County, 4 miles below mouth of Plum Creek, 10 miles above confluence of San
Marcos and Guadalupe rivers.

DraiNaGeE AREA.—Indeterminate.

RECORDS AVAILABLE.—June 22, 1915, to September 30, 1917.

Gage.—Vertical staff in four sections attached to trees on left bank about 200 feet
above bridge; read by J. H. Kaine. Gage used from June 22 to October 12, 1915,
was a vertical staff under the highway bridge, but gage heights have been reduced
to datum of present gage by means of a curve of relation.

DiscEARGE MEASUREMENTS.—Made by wading at shoal 100 feet below gage or from
downstream side of highway bridge.

CHANNEL AND cONTROL.—Bed composed of sand, rock, and gravel; not subject to
great shifting. Both bankshigh and wooded ; not overflowed except by extremely
high water. Channelstraight above and below the station for 150 feet. Low-stage
control formed by shoal 100 feet below gage; during high stages in Guadalupe
River backwater changes stage-discharge relation; backwater did not exist from
this cause during 1917.

EXTREMES OF DISCHARGE.—Maximum stage recorded duting year, 26.5 feet at 1
p. m., May 7 (discharge, 7,480 second-feet). Minimum stage, 1.06 feet at 7 p. m.,
August 26 and 27 (discharge, 26 second-feet).

1915-1917: Maximum and minimum stage recorded in 1917.

Ice.—None reported during year.

Diverstons.—Small amounts of water are diverted by gravity or pumping for irriga-
tion in drainage basin above station, but only a small part of the total run-off isso
used.

ReeuraTtoN.—Flow regulated by the operation of a small cotton gin a short distance
above station. The operation of several small water-power plants in the upper
drainage basin near San Marcos and Martindale does not materially affect the
flow at this station.

Accuracy.—Stage-discharge relation practically permanent. Gage read once daily
to hundredths, October 1 to June 30, and twice daily, July 1 to September 30.
Owing to regulation of the flow the assumption that one gage reading or the mean
of two daily readings gives the mean for the day causes errors in the determina-
tion. Daily discharge ascertained by applying daily gage height to rating table.
Records good.
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Discharge measurements of San Morcos Rwer at Ottine, Tex., during the year ending
Sept. 30, 1917.

Date. Made by— rosess. | ciampe, | Date. Made by— ot | chaege,
Feet. | Sec.t. Feet. | Sec.-nt.
Nov. 15 VictorLieb..... ....... 1.64 113 || May 7| Grayand Hank........ 25.22 | 6,730
15 |..... d0.ccoanann 1.60 105 8 GIaY..cosovecnene 5.22| 620

25 Hankan 1.79 139 || June 20 | Francisco and Hank ...| 1.52 95.1

Jan. 7| Gray and Kessler 1.64 116 {[ July 18 Con on and Franeisco.| 1.38 71.4
ﬁr. 6 | Vietor Lieb...... 1.62 107 || Aug. 30 . Francisco........ 1.65 110

y 7 | Grayand Hank........| 25.74 7,450

Dazly discharge, in second-feet, of San Marcos River at Ottine, Tex., for the year ending
Sept. 30, 1917.

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

106 19| 126 12| 19| 19| 137 109} 133 88 45 100

98 112 122 | .116 116 106 106 112 112 80 87 108

96 109 126 116 116 122 109 109 103 88 95 106
106 109 122 112 112 109 112 122 103 247 66 103
119 112 133 109 116 106 109 106 100 166 88 119
106 12| 130( 106 112 109| 112|1,300f 103 | 101 73 108

96| 112{ 126 | 119| 122| 112 116/6,080] 112 96 96 90

96 106 122 106 130 122 112 | 1,910 103 920 84 74
100 109 122 109 133 119 109 274 112 85 111 61
45| 12y 126 19| 137 112{ 1n2 112 80 70 76
149 119 119 116 137 109 122 149 112 96 84 176

20 112 122 112 133 112 854 141 109 92 61 149

93 116 106 109 126 119 208 { 2,680 3 85 68 88
100 112 109 90 130 119 333 523 93 63 76 104

96 109 112 103 133 122 333 284 96 61 77 61
106 109 119 12 137 126 106 183 106 66 84 40
109 112 122 116 112 122 100 168 104 61 61 54
179 112 126 106 122 122 106 152 96 71 67 96
183 109 130 109 130 126 109 152 112 4 717 87
109 126 133 112 126 130 | 2,930 { 2,510 104 68 59 93
106 130 122 133 854 365 116 585 76 111
149 126 126 126 179 333 112 173 79 106
1451 19| 122 1331 156| 179 106 150 76 166
126 141 126 133 122 168 87 101 66 88
122 132 119 119 | 112 160( 106 95 79 66
109 119 116 116 109 156 112 93 43 76
uz2| 122 109 u2| 19| 16| 16| 100 43 73
109 126 106 109 112 160 17 74 98 71
12| 122 116 u2| 16| 156| 116 88| 208 74
126 122 112 137 112 152 101 90 208 76
19 |....... 109 126 |....... 156 |....... 126 | 137 |.......

Monthly discharge of San Marcos River at Ottine, Tezx., for the year ending Sept. 30, 1917.

Discharge in second-feet. Run-off

Month. (mt?lee‘itn
Maximum. | Minimum. | Mean. | % )-

183 90 17 7,190

141 106 117 6,960

133 106 12 7,440

141 90 114 7,010

137 109 122 6,780

137 106 119 7,320

2,930 106 278 16, 500

6,030 106 623 38,300

133 87 107 6,370

585. 61 114 7,010

208 43 84.6 5,200

175 40 93.2 , 550

6,030 40 168 122, 000

93838°—19—wsp 458—5
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SAN ANTONIO RIVER BASIN.

SAN ANTONIO RIVER AT SAN ANTONIO, TEX.

LocaTion.—At Presa Street Bridge, just below-office of San Antonio Water Supply
Co., in San Antonio, Bexar County, 3 miles below San Antonio Springs, the source
of the river.

DranaGE ArEA.—Indeterminate.

RECORDS AvAILABLE.—October 23, 1914, to September 30, 1917. Miscellaneous
discharge measurements were made from 1895 to 1906.

Gaaz.—Vertical staff in two sections attached to upstream side of second bent of
bridge from right bank and right abutment of bridge; read by E. L. Wilson and
E. H. Elder. Gage used from October 23, 1914, to February 28, 1916, was a verti-
cal staff gage attached to downstream side of middle pier, Commerce Street
bridge; relation of the datums of these gages not known.

DiscHARGE MEASUREMENTS.—Made from downstream side of Market Street bridge,
(first bridge above station) or by wading just below gage.

CHANNEL AND conTROL.—Channel straight for a short distance above and below
station, but the general course is very crooked. Bed composed of gravel, sand, and
silt. Banks high and clean; not subject to overflow except during extremely
high stages, at which time the river spreads over a wide.area. A rock and gravel
shoal, and remains of old concrete dam just below the station serve as a control.
Vegetation collectsin channel and on control at times, but stage-discharge rela-
tion was not affected thereby during 1917.

EXTREMES OF DISCHARGE.—Maximum stage recorded dunng year, 1.80 feet March
24 and 25, and early morning of May 20 (discharge, 147 second-feet); minimum
stage recorded 0.76 foot several days during Jume, July and September (dis-
charge, 23 second-feet).

1914-1917: Maximum stage recorded, 14.0 feet at 5.30 p. m. October 23, 1914
(discharge, 4,700 second-feet; determined from extension of rating curve and
possibly subject to considerable error); minimum stage, during June, July and
September, 1917.

Ice.—None reported during year.

Drversions.—Considerable land is irrigated in San Antonio and vicinity south of the
city; quantity of water diverted not definitely known.

RecuraTiON.—Flow not regulated by permanent dams or controlling works, but at
times temporary works constructed in improving the channel have regulated the
flow. Flow atstation is dependent on discharge of San Antonio Springs,

Accuracy.—Stage discharge relation practically permanent. Rating curve well de-
fined below 350 second-feet. Gage read to hundredths twice daily. Gage read-
ings prior to April 8 are doubtful. Daily discharge ascertained by applying mean
daily gage height to rating table. Records fair October 1 to April 10, and good
April 11 to September 30. -

The normal flow of San Antonio River comes from springs within the city limits,
but two tributaries from the north furnish considerable run-off at times of heavy pre-
cipitation. Changes in stage during low flow are believed to be due to pumping from
deep wells for the city water supply and the use of artesian water for irrigation in areas
adjacent to the river for it is thought that the wells draw from the underground reser-
voir that feeds the river by springs.
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Discharge measurements of San Antonio River at San Antonio, Tex., during the year
ending Sept. 30, 1917,

Date. Made by— 1ongS | chanse, || Date: Made by— 1ok | i,
Feet. | Sec.ft. Feet. | Sec.ft.
Oct. 20 | Gray and Hank........ 1.37 79.0 i‘.{gr. 12 | Victor Lieb............ 1.00 36.3
Jan. 9 Wil.gam Kessler.. J 125 59.8 y 24 | R.C. Thaxton......... 1.10 43.6
‘Mar. 1| Hankand Gray 1.12 48.1 || June 21 | Hank and Francisco... .79 25. 4
Apr, lg Victgr Lieb,... 1.% g;g Aug. 30 | E, P, Congdon.,........ .76 22.1
..... Ovourrenencnenannns] 1o A

Daily discharge, in second-feet, of San Antonio River at Sen Antonio, Tex., for the year
ending Sept. 30, 1917.

.Day. Oct. { Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | Julys | Aug. | Sept.
84 81 81 81 78 78 38 26 35 24 26 24
84 81 81 81 78 78 38 26 32 24 26 24
84 81 81 81 78 78 38 28 28 24 26 24
84 81 81 81 78 78 38 27 35 24 26 23 .
84 81 81 81 78 77 38 26 20 47 26 23
84 81 81 81 78 77 34 64 28 25 25 23
84 81 81 81 78 77 32 55 27 24 24 23
84 81 81 81 78 71 32 31 26 24 24 23
84 81 81 78 77 32 34 26 24 24 23
84 81 81 78 78 77 32 35 26 24 24 23
84 81 81 78 78 74 32 31 26 24 24 23
84 81 81 78 78 74 35 73 26 24 24 23
84 81 81 78 781 .14 33 45 26 24 24 23
81 81 81 78 78 71 '35 43 25 24 24 24
81 81 81 78 78 70 34 40 P 24 ) 24
90 81 81 78 78 62 35 41 24 24 24 24
84 81 81 78 78 57 32 38 24 24 24 24
84 81 81 78 78 34 39 24 23 24 24
84 81 81 78 78 52 37 39 24 24 24 24
81 81 81 51 35 81 23 24 24 27
81 81 81 51 3 43 23 24 24 24
81 81 81 50 35 43 23 70 4 24
81 81 81 91 34 43 24 26 b 24
81 81 81 147 34 44 24 26 24 24
81 81 81 147 32 42 24 26 24 24
81 81 81 41 29 41 24 26 24 23
81 81 81 43 2 41 27 26 24 23
81 81 81 38 28 40 24 26 P 23
81 81 81 38 35 39 24 26 o 23
81 81 81 38 41 37 23 27 4 23
8l |....... 81 38 [eennnns 37 feeennnd 26 24 P

Nore.—Observer reports considerable construction work being done on stream from Oct. 1 to Apr. 4.
bl?»yec_ords for ttjiuh?gperi may be slightly in error. Discharge, Apr. 5-7and 9 and 10, and July 21 determined
interpolatien.

Monthly discharge of San Antonio River at San Antonio, Tex., for the year ending
o - Sept. 80, 1917. :

Discharge in second-feet.
. B . | Run-oft
Month. (total in
Maximum. | Minimum. | ‘Mean, | 8¢re-feet).
90 81 82.8 5,090
81 81 8L.0 4,820
81 81 81.0 4,980
81 78 78.9 4,850
78 78 78.0 4,330
147 38 68.9 4,240
41 28 34.1 2,030
81 26 411 2,530
35 23 25.9 1,540
70 23 26.8 1,650
26 24 24.4 1, 500
27 2 23.6 1,400
147 23 53.8 39,000
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SAN PEDRO CREEK AT SAN ANTONIO, TEX.

Location.—At Commerce Street Bridge, 13 blocks west of court house, in San Antonio,
"Bexar County, 1} miles above mouth of Salsamora and Martinez creeks, 1} miles

below San Pedro Springs, source of creek, 3 miles above confluence with San’
Antonio River,

DRAINAGE AREA.—Indeterminate.

RECORDS AVAILABLE.—July 20, 1916, to September 30, 1917.

Gage.—Vertical staff, attached to wall of building No. 713 Commerce Street, on up-
stream side of bridge on left bank, read by E. L. Wilson and E. H. Elder.

DiscHARGE MEASUREMENTS.—Made by wading below gage.

CHANNEL AND cONTROL.—Bed composed of rock, gravel and mud; shifting. Channel
straight above and below station. Both banks formed by walls of buildings.
City improvements have confined the stream to a small channel during low and
medium &tages, but during floods the streets are covered with water for several
blocks. A shoal subject to shift, about 100 feet below gage, serves as control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.00 feet at 5.10
p. m. December 80, and during December 31 (discharge 24 second-feet; deter-
mined by extension of rating curve and subject to considerable error); minimum
stage recorded, 1.36 feet during September 11, 12, and 13 (discharge 2.2 second-
feet).

1916-1917: Maximum stage recorded, 6.25 feet at 7.40 a. m. September 25, 1916
(discharge not determined); minimum stage recorded during September 11, 12,
and 13, 1917,

Ice.—None reported during year.

Diversions.—None.

ReguratioN.—No dams, reservoirs, or controlling works that permanently regulate
the flow. Fluctuations were caused during year by improvement work along the
channel above and below the gage.

Accuracy.—Stage-discharge relation not permanent. Rating curve poorly defined.
Gage read to hundredths twice daily. Daily discharge for 1916 and 1917 deter-
mined by indirect method for shifting control. Records poor.

Entire flow of San Pedro Creek, except during times of heavy precipitation, is
furnished by San Pedro Springs, and the flow at this station is believed to be that
which reaches San Antonio River. Martinez and Salsamora creeks carry no water
except during heavy local rains, and have been known to be dry for several yearsat a
time.

Discharge measurements of San Pedro Creek at San Antonio, Tex., during the year ending
Sept. 30, 1917.

Date, | Made by— h§i S ch?;:-sg-e. Date. Made by— hgﬁgbiet' chlz);irsg-e.

Feet. | Sec.ft. Feet. | Secft.

Oct. 20 Grsﬁ. and Hank 1.94 7.2 || May 24 | R. C. Thaxton......... 1.70 & '{fs

Jan. 9| W Kessler 1.55 7.7 || June 21 | Franciscoand Hank....] 2.21 4.8

Mar. 1 | Grayand Hank 1.50 5.8 | Aug. 30 | E. P. Congdon.......... 1.34 2.0
Apr. 8| Vietor Lieb............ 1.50 4.5
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ending Sept. 80, 1916, and 1917.

SAN ANTONIO RIVER BASIN.

second-feet, of San Pedro Creek al San Antonio, Tex., for the years
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NotE.—Discharge Apr. 4-7, 9-10, and July 21 determined by interpolation.
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Monthly discharge of San Pedro Creek at San Antonio, Tex., for the period July 20, 1916,
to Sept. 30, 1917.

Discharge in second-feet. Run-of?

Month. (total in
Maximum. | Minimum. | Mean, | 2cre-feet).

1916.
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ot

0] BORO GO i i O 1 £ 00 23 00

12

LONUBIOW
BBEEBTE>“RES
5

o] s oo
W N LI O

R esmenootnoo

&
g

y

NUECES RIVER BASIN.
NUECES RIVER NEAR CINONIA, TEX.

LocaTioN.—Just below suspension highway bridge near Oswald’s ranch, 2 miles gast
of Cinonia, Zavalla County, 8 miles northeast of Crystal City, 20 miles above
Winter Garden ranch dam,

DRAINAGE AREA.—2,060 square miles.

Recorps avarnaBre.—July 5, 1915, to September 30, 1917.

GaGE.—Dexter water-stage recorder, on right bank, 250 feet below highway bridge.
Gage readings were taken by C. C. Oswald from vertical staff gage in several sec-
tions, on both banks, just below bridge from July 5, 1915, to September 22, 1917,
when recorder was installed.

DiscEARGE MEASUREMENTS.—Made from downstream side of bridge by wading 100
feet below bridge or by wading on crest of concrete control.

CHANNEL AND coNTROL.—Bed composed of clay and gravel; free from vegetation.
Banks high and wooded and not subject to overflow. Channel straight above and
below station. September 23, 1917, a concrete artificial control was completed
at the site of water-stage recorder installation; point of zero flow, 0.85 foot. The
stage-discharge relation has been seriously affected at times prior to installation
of artificial control by collection of logs, leaves, and brush below gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.30 feet at 11
a. m. May 20 (discharge, 90 second-feet); minimum stage, no flow August 4-18
and 25-28.

1915-1917: Maximum stage recorded, 20 feet at 6.30 a. m. September 19, 1915
(discharge not determined); minimum stage, no flow August 4-18 and 25-28, 1917.

Ice.—None reported during year:

Drversions.—Considerable water diverted above station for irrigation; amount not
known. :

REGULATION.~—Available data indicate no regulation above station.’
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Acouracy.—Stage-discharge relation not permanent previous to September 23; per
manent after that date. Rating curve well defined below 150 second-feet. Gage
read to half-tenths twice daily October 1 to September 22; gage heights subject
to error because of careless observations. Mean daily gage height for period of
recorder record determined by averaging hourly readings from recorder charts.
Daily discharge ascertained by applying mean daily gage height to ratmg table
as indicated in footnote to table of daily discharge. Records fair. ~ -

Backwater from a dam 40 feet high, about 20 miles below station, extends within 2
miles of station when reservoir is full. A large part of the flow of the river is known
to seep into the bed just below Uvalde and return to the surface just above the station.
The condition of the underground waters may have an effect on this return water and
thus help to equalize the flow.

Discharge measurements of Nueces River near Cinonia, Tex., during the yem; ending
Sept. 30, 1917.

: Gage | Dis- Ga; Dis-

Date. Made by— M“gt. charge, || Date. Made by- height. | charge.
Feet, | Sec.ft. Secft.
Nov, 1 2.30 12.4 |t June 13 3.9
1 2.30 13.4 || July 27 1.3
Jan. 12 |. 2.33 11.2 {| Bept. 16 e.8
1 2.33 4.8 21 ¢1.0
Apr. 13 2.10 9.6 23 1.2

a Estimated. b Referred to new datum.

Daily discharge, in second-feet, of Nueces River near Cinonia, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. { Jan. | Feb. | Mar. - Apr. | May. | June. | July. | Aug. | Sept.
14 13 16 16 13 1“1 481 6.2 11 0.8 0.4
14 13 16 16 13 14] 11 £8| 6.2 81 .8 4
14 13 16 16 13 4] 10 4.1 5.4 7.2 .7 7
14 13 16 16 13 14 9.5 4.1 5.4 4.3 .0 .9
“ 12 16 16 13 ul 95 41| 54| 3.1 .0 1.0
13 12 16 16 13 “l 95! 4.1 51! 18 .0 1.0
13 12 16 14 13 14| 95| 41| 46| 1.6 .0 1,0
13 12 16 4 13 14| 95| 41| 40| 16 .0 1.0
13 12 16 14 13 14| 95| 4.1} 40| 16 .0 .8
13 12 16 14 13 4| 95| 41| 40| 15 .0 .7
13 12 16 u 1 ) 95| 41| 40| 13 .0 .6
13 13 16 4 14 4| 95| 41| 40| 13 .0 .6
13 14 16 14 14 14 9.5 12 3.6 1.3 0 .6
13 14 16 14 4 4| 95| 83} 33| L3 .0 .6
13 14 16 14 14 4| 95| 59| 33| 13 .0 .6
13 13 168 1 u 4| 95| 56| 33| 13 .0 .6
13 13 16 14 14 14 9.5 5.6 3.3 1.1 .0 .6
13 13 16 14 14 131,95 5.6 3.3 1.0 .0 W7
13 13 16 14 1 13| 05| 48] 33| 10| 16 .8
12 13 16 14 13 12| 95| 64 3.3 8] L3 1.0
12 13 16 u 13 12| 90.5| 36 3.3 .8 .8 1.3
12 13 16 14 13 12 7.7 29 2.8 1.0 .6 1.3
12 13 16 14 13 12 6.4 18 2.8 1.3 -4 1.0
18 13 16 16 13 121 5.2} 10 2.8] 1.6 .3 1.0
12 13 16 17 13 12 4.1 6.8 2.8 1.6 .0 1.1
12 14 16 17 13 12| 41| 62] 28] L6 .0 1.1
12 14 16 16 13 12 4.1 6.27 18 1.0 .0 1.1
12 16 16 14 13 12 4.1 6.2 16 1.0 .0 1.0
12 16 16 13 Jeeeeeen 4.8 6.2] 12 1.0 .2 1.0
13 16 16 18 eeeen.n 12| 48| 6.2 4.6 .9 .2 .9
13f....... 16 ) -2 12 ....... 6.2 |....... -8 IR P

NorE.—Discharge determined as follows: Oct. 1to Feb. 28, May 20and 21, and Aug. 21 to Sept, 22 directly
!rom rating table, Mar. 1 to May 19and May 22 to Aug. 20 by indirect ‘method ofr shifting control; Sept. 2-3
interpolated from discharge measurements,
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Monthly discharge of Nueces River near Cinonia, Tex., for the year ending Sept. 30, 1917,

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

18 12 13.0 799

16 12 13.2 786

16 16 16.0 984

17 13 14.6 898

14 13 13.3 730

14 12 13.2 812

11 4.1 8.28 493

64 4.1 9.66 594

18 2.8 5.10 303

11 .8 2.13 131

1.6 .0 .26 16

1.3 .4 .85 51

64 .0 9.13 6,610

NUECES RIVER NEAR COTULLA, TEX,

LocatroNn.—At Hargus dam, 4 miles west of Cotulla, LaSalle County.

DraiNAGE AREA.—5,030 square miles.

Recorps AvamaBre.—July 1, 1915, to September 80, 1917.

Gaae.—Vertical staff attached to trees on right bank just above dam; read by Irvin
Peoples and William Peoples,

DiscEHARGE MEASUREMENTS.—Made by wading below dam. No facilities for measure-
ments at medium and high stages except at highway bridge 4 miles below gage.

CHANNEL AND coNTrROL.—Bed composed of gravel, rock, and sand; channel straight
above and below station. Banks wooded, medium in height, and notsubject to
overflow. Long concrete dam just below gage serves as a control; crest of dam
irregular.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 1.10 feet at 10
a. m. September 4 (discharge, 1,180 seeond-feet, determined from extension of
rating curve and possibly subject to considerable error); no flow during a large
part of the year.

1915-1917: Maximum stage recorded, 6.50 feet August 22, 1916 (discharge,
23,000 second-feet, determined from extension of rating curve and possibly sub-
ject to error). No flow during large part of each year.

Ice.—None reported during year.

Diversions.—Large part of ordinary flow above station pumped or diverted for irri-
gation. The station is in upper end of an irrigated section near Cotulla. Two
large filings are listed in the Second Report of the Board of Water Engineers for
the State of Texas, in the name of Winter Garden Irrigation Co. and Nueces
Valley Irrigation Co., in Zavalla and Diminit counties; irrigable area under each
system, 10,000 acres; capacities of diversion works 95 and 66 second-feet, respec-
tively.

RecuraTion.—Flow at station regulated by storage reservoirs and pumping plants
above.

Accuracy.—Stage-discharge relation permanent. Rating curve based on low-water
discharge measurements and discharge computed by formula using the dam as a
weir; possibly subject to considerable error. Because of the length of the dam
(600 feet) the station is non-sensitive. Gage read to hundredths once daily.
Daily discharge ascertained by applying daily gage height to rating table. Rec-

- ords poor. ‘
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Discharge measurements of Nueces River near Cotulla. Tex., during the year ending
Sept. 30, 1917,

Date. Made by— hork® | o, || Date. Made by— hae. | chacso.
Feet, | Sect. Feet, | SecHt.
Oct. 31| Victor Lieb............ 0.20 8.0 || June 14 | Francisco and Hank...|........ 0.0
31 do 7.2 || July 26 | E: O. Francisco... . .0
Jan. 11 .0 Sept. 28 | R.J. HaDK.ceeuerrnnn-- eeeeann .0
Daily discharge, in second-feet, of Nueces River near Cotulla, Tex., for the year ending
Sept. 30, 1917. ’
Day. Oct. | Nov. | Dec. | May. | June. | July. | Aug. | Sept.
1 14 LO ..., 22 fo....... 22 0.0
4 14 LOf..ennns ) VN P 22 .0
14 7.0 L.OJ.cennn.. 7.0} 22 337
14 70| 1ol €500 14 | 1,180
7.0 4.5 LO | eunen.. 4.5 -0annnn 7.0 854
7.0 2.0 1. 2.0:1. 7.0 407
7.0 2.0 1 2.0 /. 4.5 337
7.0 2.0|(. 1.0} 2.0 207
7.0 1.0 1.0} 2.0 107
7.0 1.0].. 1.0]. 1.0 57
7.0 1.0 1.0 44
4.5 0 22
4.5 .0 22
4.5 2.0 14
2.0 2.0 7.0
7.0 2.0 7.
67 2.0 4.
267 2.0 4.
660 2.0 4.
660 2.0 4.
267 , 1.0 7
22 15 1
22 2.0 4.
14 2.0 2.
7.0 1.0 .
4.5 1.0 |. .
4.5 .0
2.0 1.0 .
4.0 1.0 .
22 1.0 - - .
14 |eeeennns 22 [eeneen 4 ...

ccooo conoo aomnd

Note.—No water flowing on days for which discharge is not given. Discharge interpolated Nov. 22
Monthly discharge of Nueces River near Cotulla,' Tex., for the year ending Sept. 30, 1917.

Discharge in second-feet.
A Run-off

Month, (total in

Maximum. | Minimum.| Mean. |2cre-feet).
October 660 . 2.0 69.9 4,300
14 .0 2,73 162
1.0 .0 .23 14
-0 .0 .0 0
.0 .0 .0 0
.0 .0 .0 0
.0 .0 .0 0
207 0] 28 1,390
22 .0 1.97 117
207 0| 217 1,330
22 .0 3.37 207
1,180 o 12 7,260
1,180 .0 20.4 14,800
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NUECES RIVER NEAR THREE RIVERS, TEX,

LocattoN.—At San Antonio, Uvalde & Gulf Railroad bridge 1 mile west of Kittie,
2 miles southeast of Three Rivers, Live Oak County, half a mile below mouth of
Frio River.

DRAINAGE AREA.—15,600 square mlles

Recorps AvamaBLE.—July 1, 1915, to September 30, 1917.

Gage.—Vertical staff, attached to center pier of railroad bridge; read by P. H. Jank
and A. J. Sharpley.

DiscHARGE MEASUREMENTS.—Made by wading or from highway bridge half a mile
below gage.

CHANNEL AND CONTROL.—Bed composed of adobe shale; does not change greatly.
Channel straight above and below station. Banks wooded, high, and not subject
to overflow. Position of high-water control not known; shoal just below gage
probably forms low-water control. L4

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 13.05feetat6 p. m.
November 10 (discharge, 2,960 second-feet); no flow April 2-21, May 30 to July 21
and July 31 to August 29.

1915-1917: Maximum stage recorded, 30 feet August 25, 1916 (discharge, 15,500
second-feet); no flow during large part of each summer.

Ice.—Nonereported during year.

Diversions.—Considerable land irrigated above station but there appears to be no
irrigable land immediately above.

RecuLATION.—Flow regulated somewhat by storage reservoirs and pumping in the
drainage basin above, but the effect is not so pronounced as at the stations in
the upper part of the drainage basin. Such water-power plants as exist in the
area above the station are probably small.

Accuracy.—Stage-discharge relation changes slightly. Rating curve well defined
below 7,000 second-feet. Gage read to bundredths twice daily; oftener when
fluctuations of stage are rapid or extreme. Daily discharge ascertained by
applying mean daily gage height to rating table directly October 1-16, and
November 9 to September 30; by shifting-control method October 17 to Novem-
ber 8. Records good.

' Discharge measurements of Nueces River near Three Rivers, Tex., during the year ending
Sept. 30, 1917.

Date, Made by— hGa et chl;lrze Date. Made by— hga L ch]?xirsg.e.
Sec:ft. Feet, | Secft.
Nov. 5 Victor Lieb.. 29.3 | June 15 Hankand Francisco... fceeeeu.. 0.0
5 ceeea@0innannns .- . 20.8 | July 28| E. O. Francisco........ 0.31 1.3
Jan. 14 ... do .......... = . .90 || Sept. 30} R. I Hank........... 11 6.1
May 25 | R.C. Thaxton 50

o Estimated.
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Daily discharge, in second-feet, of Nueces River near Three Rivers, Tezx., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept
7.7 3.2 9.8 1.0 0.5 211 0.0 0.0 0.0 24
6.4 3.6 8.8 .8 0] 73 .0 .0 0 74
6.0 4.0 7.7 .8 01 19 .0 .0 .0 42
5.6 4.2 8.2 .8 .0 8.1 .0 .0 .0 28
5.2 4.4 5.2 .8 .0 4.0 .0 .0 .0 25
4.8 4.6 4.2 .6 .0 2.4 .0 .0 .0 386
4.4 4.8 3.6 .5 .0 2.0 .0 .0 .0 38
4.0 2.4 3.2 .4 .0 1.7 .0 .0 .0 18
3.6 2.4 2.6 3 .0 1.5 0 .0 .0 14
3.2 2.0 3.2 .2 .0 1.3 .0 .0 .0 26
2.9 1.7 2.8 .2 .0 1.0 .0 .0 .0 23
2.6 1.7 2.8 .2 .0 .8 .0 .0 .0 237
2.3 1.7 2.2 .2 .0 9.0 .0 .0 0 202
2.0 1.5 2.3 .2 .01 43 .0 .0 .0 378
1.7 1.2 1.8 .5 OB .0 .0 .0 355
1.5 1.2 1.4 4 .0 42 .0 .0 .0 114
5.2 2.4 1.2 .3 0] 20 .0 .0 .0 62
4.8 3.6 .9 .2 O 17 .0 .0 .0 30
4.4 4.2 .9 .2 0 14 .0 .0 .0 24
. 4.0 3.6 2.2 .2 .0 7.7 .0 .0 .0 19
3.6 3.2 3.0 .4 .0 5.8 .0 .0 .0 14
3.2 3.2 2.8 .41 154 4.0 .0 | 382 .0 10
2.9 | 409 2.4 .4 | 486 2.6 .0 | 446 .0 8.6
2.6 | 165 2.2 .4 | 250 1.7 .0} 812 <0 6.8
2.3| 57 1.8 41 01 1.0 0 4 .0 4.4
2.01 18 1.8 41125 .6 01 12 .0 2.6
1.71 10 1.4 4111 .4 .0 4.0 .0 1.5
1.5 7.7 1.2 41147 .2 .0 1.7 .0 .5
1.3 . 41 01 .1 .0 1.0 .0 .1
1.0 .41 585 .0 .0 1| 261 1
5.2 I 30 PR ! S| B RN VR S PO,

Monthly discharge of Nueces River near Three Rivers, Tex., for the year ending Sept. 30,

1917.
Discharge in second-feet. Run-off
Month. = (total in
Maximum.| Minimum. | Mean. | 8cre-feet).
1,900 16 436 26, 800
2,760 10 22 13,800
7.7 1.0 3.54 218
409 1.2 24.1 . 1,480
9.8 .9 3.19 177
1.0 .2 .43 26
486 .0 50.4 3,000
211 o 183 1,130
. .0 .0 0
446 .0 38.9 2,390
261 .0 10.8 664
386 .1 75.3 4,480
2,760 .0 74.9 54,200

NUECES RIVER AT CALALLEN, TEX.

LocarioNn.—At old pump house for city of Corpus Christi, half a mile northwest of
Calallen, Nueces County, 18 miles west of Corpus Christi, 8 miles above Nueces

Bay, half a mile above edge of tidewater and breakwater dam.

DrAINAGE AREA.—16,700 square miles.

REcorDs AvamLaBLE.—August 12, 1915, to September 30, 1917.
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Gace.—Vertical staff attached to pipe-line support of old pump house; read by Henry
Wagner.

DISCHARGE MEASUREMENTS. —Ma,de by wadmg at the breakwater or from cable 125
feet below gage.

CHANNEL AND CONTROL.—Bed composed of clay and gravel. Channel straight above
and below station. Left bank wooded, low, and bordered by levee constructed
to prevent overflow; right bank wooded, medium in height, and not subject to
overflow. The breakwater, which is a loose rock fill half a mile below, serves as
control. May 11 and 12 loose rocks were placed below the breakwater, causing
change in control.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.00 feet at
4 p. m, October 20 (discharge, 1,930 second-feet); minimum stage, —0.40 foot
at 4 p. m. July 25 (discharge, 0.6 second-foot).

1915-1917: Maximum stage recorded, 8.38 feet September 5, 1916 (discharge,
6,190 second-feet); minimum stage July 25, 1917.

Ice.—None reported during year.

Drversions.—Considerable water taken from river for irrigation immediately above
station; water also used for irrigation throughout the drainage basin above.
The city of Corpus Christi pumps water just below the gage for municipal supply
and has made a filing with the Board of Water Engineers for the State of Texas
for a continuous use of 0.93 second-foot and a storage of 675 acre-feet per annum;
they reported a consumption of 218 million gallons during 1916. A second small
pump for private use installed between city intake and breakwater is seldom
operated. The quantities pumped are small and do not greatly affect the natural
flow during ordinary stages.

Recuration.—No water power plants of consequence above station.

Accuracy.—Stage-discharge relation not permanent because of leakage through and
repair to the breakwater dam. Low-water discharge measurements made at
breakwater are poor because of leakage through dam. Rating curve fairly well
defined. Gage read to hundredths twice daily. Daily discharge ascertained by
applying mean daily gage height to rating table as indicated in footnote to table
of daily discharge. Allowance made for rising and falling stages in computing
discharge. Records poor.

Discharge measurements of Nueces River at Calallen, Tex., during the year ending
Sept: 30, 1917.

Date. Made by— ponk® | chas || Date. Made by— ok |

) Feet, | Secft. Feet. | Sec.Ht.

Nov. 8 1.00 69.7 || June 16 | Francisco and Hank..|........ 0.0

Jan, 15 .78 6.1 | July 28] E. O. Francisco........ 1.82 85.8

May 26 1.10| 8.0 Sept.30 | R.J. HanK.eeeeoeuan.o. 1.30| @120
o Estimated.

Nore.—Measurements made at breakwater.
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Daily discharge, in second-feet, of Nueces River at Calallen, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.
15 29 8.2 5.8 39 6.4 2.0} 41 390
27 7.4 5.8 38 6.0 2.0 38 268

15 27 7.4 5.8 41 5.8 2.0 23 123
15 27 6.6 5.0] 43 5.8 2.0 20 90
15 27 6.6 4.51 46 5.4 2.01 15 123
16 27 6.6 4.0 46 5.0 2,01 15 153
15 24 6.6 4.0 48 5.4 2.0 13 175
13 24 6.6 3.0| 48 4.0 .81 12 . 213
11 23 6.6 3.0 | 144 3.6 1.8 9.6 245
9.8 21 6.6 2.5 | 281 3.4 1.6 8.0 205
8.2 20 6.6 2.0 | 200 3.3 1.4 8.0 213
8.2( 20 6.6 2.0 138 3.2 1.4 7.0 237
8.2 17 6.6 1.5] 123 3.0 1.2 7.0 245
8.2 16 6.6 1.0| 80 3.0 1.2 5.8 245
8.2| 16 5.8 1.0 | 44 2.8 1.1 5.0 245
8.2| 15 5.8 1.0] 41 2.7 1.1 4.2 245
8.2| 14 5.8 2.01 40 2.7 1.1 4.0 268
8.2| 11 5.8 2.5 39 2.7 1.0 3.5 268
8.2] 11 5.8 3.0 40 2.7 1.0 2.9 213
8.2 9.0 5.8 3.0| 36 2.5 1.0 2.8 153
8.2 9.0 5.8 4.0 34 2.4 1.0 2.5 114
8.2 9.0 5.8 4.5| 16 2.3 -9 2.3 80
8.2 8.2 5.8 6.6 9.6 2.2 .9 2.0 62
8.2 8.2 58| 21 8.0 2.2 .8 1.8 48
11 8.2 5.8 46 8.0 2.1 .6 1.6 38
24 8.2 5.8 48 7.8 2.1 144 2.5 268
38 8.2 5.8 46 7-6 2.1 144 1.4 20
36 8.2 5.81 43 7.6 2.1 9 1.3 15
34 ..., 5.8 41 7.6 2.1 67 1.2 15
31 |e...... 5.81 41 7.4 2.1 58 1.2 15
31 |eeeen.. 5.8 favaenns 6.8 .enn... 53 646 |.......

Norte.—Discharge determined as follows: Oct. 1-21, Dec. 1 to May 10, and May 13, to Sept. 30, directly
from rating tables; Oct. 22 to Nov. 30, by indirect method for shifting control; May 11 and 12, by inter-

Monthly discharge of Nueces River at Calallen, Tex., for the year ending Sept. 30, 1917,

D i teet.
ischarge in second-feet Run-off

Month. (total in
Maximum. | Minimum, | :Mean, | 3cre-feet).

1,650 65 467 28,700

1,810 38 296 17,600

31 18 19.8 1,220

38 8.2 14.8 910

29 8.2 16.9 . 939

8.2 5.8 6.26 385

48 1.0 12.1 720

281 6.8 .0 3,320

6.4 2.1 3.37 201

144 .6 19.3 1,190

646 1.2| 293 1,800

390 15 158 9,400

1,810 .6 91.8 66,400

FRIO RIVER NEAR DERBY, TEX.

LocatroNn.—At International & Great Northern Railway bridge 900 feet below mouth
of Leofa River, 4 miles south of Derby, Frio County.

DRAINAGE AREA.—3,500 square miles.

REcORDS AVATLABLE.—August 1, 1915, to September 30, 1917.

GaGE.—Vertical staff attached to railway bridge pier; read by John Speed.
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DiscHARGE MEASUREMENTS.—Made from railway bridge or by wading.

CHANNEL AND CONTROL.—Bed composed of rock, sand, and gravel; channel curved
above and below station but straight at gage for 150 feet. Banks wooded, high,
and not subject to overflow. A concrete dam 50 feet below gage serves as control
during low and medium stages; position of high-water control not known. Point
of zero flow, gage height 0.06 foot.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.0 feet at 8 a. m.
October 18 (dmcha.rge 8,080 second-feet); no flow in stream durmg several long
periods.

1915-1917: Maxxmum stage recorded, 13.0 feet at 10.30 a. m. April 3, 1916
(discharge, not determined); no flow during parts of each year.

Ice.—None reported during year.

DiversioNs.—Small areas are irrigated by diversions and pumping at the head-
waters, but available information does not show that water is taken from the
stream immediately above the station.

Accuracy.—Stage discharge relation practically permanent. Rating curve well
defined below 2,200 second-feet. Gage read to hundredths once daily; oftener
during extreme fluctuations. Daily discharge ascertained by applying daily
gage height to rating table. Records fair.

Discharge measurements of Frio River mear Derby, Tex., during the year ending
Sept. 80. 1917.

Date. Made by— ron® | change. || Date. Made by— hoteht. | charge.
’ Feet. | Secft. Feet. | Secft.
Oct. 31 Victor | 211 T 0.0 {| July 26| E. O. Francisco..-.....[.c...... © 0.0
Jan. 114.....do......oovieniiifnl... .0 || Sept. 28 | R.J. Hank.............] 0.08 al
June 12 Hank and Francisco...|........ .0
»
¢ Estimated.

Daily discharge, in second-feet, of Frio River near Derby, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Jume. | July. | Sept. Day. Oct. | Jume. | July. | Sept.

I

NotE.—~No flow on days‘for which discharge is not given,
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Monthly discharge of Frio River near Derby, Tezx., for the year ending September 30, 1917,

Discharge in second-feet.
. Run-off
Month. (total in
Maximum.| Minimum.| Mesn acre-feet).
1,300 0.0 70.4 4,330
.0 .0 .0 0
.0 .0 .0 (1}
.0 .0 .0 1]
.0 .0 .0 0
.0 .0 .0 0
.0 0 .0 1]
.0 .0 . .0 [1]
54 .0 3.90 232
18 .0 .89 55
.0 .0 .0 0
605 .0 46.5 2,770
1,300 .0 10.2 7,390

FRIO RIVER AT FOWLERTON, TEX,

LocaTioN.—At Frio River dam, about half a mile northeast of Fowlerton, LaSalle
County, 13 miles below d1versmn for Frio Lake storage reservoir, 8 mlles below
mouth of Jahuey Creek.

DRAINAGE AREA.—4,350 square miles.

REecorps Avumnm.—-July 1, 1915, to September 30, 1917, .

Gaae.—Vertical staff attached to tree on right bank about 30 feet above dam; read by
Joe McMains.

DisCHARGE MEASUREMENTS.—Made by wa.dmg below dam or from railroad bridge
about a mile above.

CHANNEL AND CONTROL.—Channel straight for some distance above the station, but
slightly curved below; banks about 5 feet high and not subject to overflow; right
bank cultivated; left bank wooded. Concrete dam about 20 feet below gage
serves as permanent control at all stages. Point of zero flow, gage height —0.05

. foot.

ExTREMES OF DIsCHARGE.—Maximum stage recorded during year, 1.3 feet at 5 p. m.
September 6 (discharge, 470 second-feet); no flow for extended periods. -

1915-1917: Maximum stage recorded, 3.9 feet at 6 a. m. April 19, 1916 (dis-
charge, 4,120 second-feet); no flow during parts of each year.

Ice.—None reported during year.

DiversioNs.—Some water diverted for irrigation above station. A diversion for the
Frio Lake reservoiris made 13 milesabove; other diversions arescattered; amount
diverted and areas irrigated not known. A large part of the irrigated land in the
drainage basin above the station is watered by wells.

RecuratioN.—Flow regulated by the diversion into Frio Lake a short distance above
gage; extent of regulation above Frio Lake diversion not known but probably
small.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined below 4,500 second-feet. Gageread once daily to hundredths; slight error
may he introduced by the assumption that one reading gives the mean stage for
the day. Daily discharge ascertained by applying daily gage height to rating
table. Records fair.
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Discharge measurements of Frio River at Fowlerton, Tex., during the year endmg
Sept. 30. 1917.

N R - 1 (RN B PR K. A el
Feet, | Sec.t. Feet. | Secft,

Nov. 2| Victor Lieb............|........ 0.0|i July 27| E. O. Francisco........|........ 0.0
June 14 { Hank and Francisco...|........ .0 Sept. 20 | R.J. HanK.eoeueuuaonifonianens .

Daily discharge, in second-feet, of Frio River at Fowlerton, Tex., for the year ending
Sept. 80, 1917.

Day. Oct Sept Day. Oct. | Sept. Day. Oct. | Sept.
2.0 115
2.0 38
1.681. 21
1.6 12
1.4 5
1.2 3.5 18
1.0 2.0 7.7
1.0 2.0 6.4
.5 2.0 .0
.5 2.0 .0
N1 IR .

NotE.—~No flow in stream on days for which discharge is not given. The small channel which was cut
around left end of dam in the early part of April, 1916, wasrepaired Oct, 31, 1916; no flow over dam Oct. 1-18,
and 25-30; amount in by-channel estimated from data furnished by the observer and engineers.

Monihly discharge of Frio River at Fowlerton, Tex., for the year ending Sept. 30, 1917.

Discharge in second-feet.
‘ g Run-off
Month, (total in
Maximum. | Minimum. | Mean, | 2cre-feet).
407 0.0 3L5 1,9
.0 .0 .0 ot
.0 .0 .0
.0 .0 .0 0
.0 .0 .0 [1]
.0 .0 .0 0
.0 .0 .0 0
.0 .0 .0 0
.0 0 .0 0
.0 .0 .0 0
.0 .0 .0
470 .0 20.0 1,190
470 .0 4.32 3,130

FRIO LAKE OUTLET NEAR FOWLERTON, TEX.

LocartioNn.—At Frio Lake dam, 2 miles northeast of Fowlerton, La Salle County, 13
miles northeast of gaging station on Frio River.

DRAINAGE AREA.—Not measured.

REcorDs AvamLaBLE.—July 1, 1915, to September 30, 1917.

Gace.—Vertical staff attached to post on right bank about 100 fect above dam; read
by Joe McMains.

DISCHARGE MEASUREMENTS.—Made by wading below dam or from railroad bndge
about a mile above gage.

CHANNEL AND coNTROL.—Channel straight above and below station for some distance.
Right bank clean, cultivated, about 8 feet high; left bank is wooded and is from
5 to 8 feet high; neither bank subject to overflow. Concretc dam about 100 feet
below gage serves as control at all stages. Point of zero flow, gage height —0.05
foot.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 0.78 foot at 4.30

p. m. October 20 (discharge, 353 second-feet); no flow for extended periods.
1915-1917: Maximum stage recorded, 3.16 feet from 8.30 a. m. to 10 a. m. April

19, 1916 (discharge, 4,070 second-feet); no flow for extended penods each year.

Ice.—None reported during year.

Drversions.—Lake is used for storage; capacity not known.

RrauraTion.—Flow controlled at intake on Frio River, some distance above; flow of
Frio River above this diversion probably not regulated.

Accuracy.—Stage-discharge relation practically permanent. Rating curve fairly
well defined below 5,000 second-feet. Gage read to hundredths once daily; one
daily gage reading may not be a true index of the mean daily discharge. Daily
discharge ascertained by applying daily gage height to the rating table. Records
good.

Frio Lake is a storage reservoir fed by a diversion from Frio River. The diversion
is made 1} miles above the Frio River dam and the gaging station on the river. The
water released from the lake is used forirrigation. Thisstation is maintained in con-
junction with that on Frio River at Fowlerton to show the total run-off at that point.

Discharge measurements of Frio Lake outlet near Fowlerton, Tex., during the year ending
Sept. 80, 1917,

Date. Made by— poage ch‘;irsgje. Date. Made by— h‘ji‘; Y3 ch];;l;e.
Feet. | Sec.ft. Feet. | Sec -ft

Nov. 2| Vietor Lieb............[......_. 0.0 || July 27| E. O. Francisco........|........ .
June 14 | Francisco and Hank...|........ .0 || Sept.29 | R.J. Hank............. 0.13 3 7

Daily discharge, in second-feet, of Frio Lake outlet near Fowlerton, Tex., for the year
ending Sept. 80, 1917.

Day. - Oct. | Sept. Day. Oct. | Sept. Day. Oct. | Sept.

Qv QO N
I

(=g E i

353

NorE.~No flow on days for which discharge is not given.
Monthly discharge of Frio Lake outlet near Fowlerton, Tex., for the year ending Sept. 30,

1917.

: Discharge in second-feet. Run-off
Month. (total in
Maximum.| Minimum. | Mean. [acre-feet).

353 0.0 14.4 885

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

.0 .0 .0 0

8.3 .0 1.19 7

333 .0 1.32 956

93838°—19—wsp 4586
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BRIO GRANDE BASIN. -
RIO GRANDE NEAR SAN MARCIAL, N. MEX.,

LocatroN.—In sec. 19 T., 7 8., R. 1 W, at Atchison, Topeka & Santa Fe Railway
bridge 1 milesouth of San Marcial in Socorro County. No large tributaries enter
near station.

DrAINAGE AREA.—Not measured.

RECORDS AVAILABLE.—January 29, 1895, to September 30, 1917,

Gaae.—Inclined staff established January 29, 1895, and destroyed by flood in 1896.
Wire gage established in its place, at same datum, was soon abandoned and
gage heights have since been obtained by measuring with a graduated rod from
bridge deck to water surface. Gage datum unchanged.

DISCHARGE MEASUREMENTS.—Made from three-span bridge.

CHANNEL AND CONTROL.—Bed sandy and very shifting; broken by two bndge piers.
No well-defined control.

EXREMES OF DISCHARGE.—Maximum mean daily discharge during year, 11,000

" gecond-feet on October 15; no flow August 16 to 18, August 22 to September 15,
September 24 to 30.

Drversions.—Considerable water diverted for irrigation above station.

Accuracy.—Stage-discharge relation not permanent; not affected by ice. Owing to
shifting control determinations of daily discharge are based almost entirely on
frequent current-meter measurements.

CooreraTioN.—Records furnished by United States Reclamation Service and re-
duced to three significant figures by United States Geological Survey.

Daily discharge, in second-feet, of Rio Grande near San Marcial, N. Mez., for the year end-
ing Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
160 [ 2,240 | 1,020 | 649 | 609| 625| 665)3,960(3,580 (5780 454 0
145 | 2,030 | 1040 | 817 | 609 | 662]1,540 (3,240 8,610/ 5,870 301 0
135 | 1,950 | 1,060 | 985 | 646| 883 1,800 2,330 | 8,810 5,440 301 0
135 | 1,860 { 1,050 | -985 | 665 | 837 |1,440[1,600°|3,760.| 5,440 | 149 ]
155 [ 1,770 | 1,030 - 780 | 665 | &36 | 1,260 | 1,600°| 3,520 | 4,810 | 338 0
155 [ 1,680 | 1,020 | 780 | 665 | 790 {1,140 | 078 |8,740| 4,490 | 509 0
195 | 1,600 | 1,020 | 780 | 665| 745 1,080 | 1,760 | 8,740 | 4,610 283 0
195 | 1,510 | 1,020 | 788 | 725| 565| 719 1,690 |8,210} 4,410 247 0
230 | 1,730 | 1,020 | 780 | 70| 520 719]1,930)5,250 | 4,100 101 0
554 | 1,670 | 1,020 | 809 | 725| 484 | 710 ]1,850 | 4,980 | 3,740 92 0
880 | 1,570 | 707 | 808| 769 | 538)1,450 | 1,850 | 5,080 | 3,480 55 0

JLos0 | Lawo| 707| 817 70| 503 1,200 1,850 | 3,900 | 3,210 30 0
.| 2,970 | 1,570 | 602| 693 701| 543]1,390 1,806,880 | 3,240 3 0
9,490 | 1,490 | 497 | 693 1| 584 | 1,320 | 1,520 | 7,000 | 3,140 34 0
11,400 | 1,490 | 407 | 694 674 | 1,160 | 1,520 | 7,230 | 2,070 | 22 0
6,810 | 1,640 | 518 694 650 618} 1,160 1,000 ( 8,000 | 2,570 0 78
5,640 | 1,100 | 539 | 701 | 723 | 618} 1,710}3,160 | 7,760 | 3,440 0 866
4,720 [ 1,250 | 561 | 678 | 728 | 618 1,870 5,680 | 7,410 | 2,270 0] 1,90
3,630 [ 1,250 | 620 609| 733| 581|1,940)6,660 7,630 2120 92 746
.| 3,840 | 1,100 | 697 | 609 544 | 1,870 | 8,200 | 8,430 | 1,730 84 174
3,660 | 1,100 | 766 1,760 | 8,830 | 8,000 | 2,000 6 48
3,480 | 1,260 | 761 473 | 1,500 | 9,080 | 7,920 | 1,000 0 36
3,130 | 1,260 | 756 456 | 1,230 | 7,430 | 8,630 | 1,090 0 24
.12,7%0 | 1,360 [ 751 439 | 1,060 | 6,760 | 8,040 | 1,090 0 0
2,430 | 1,440 [ 821 506 | 915 {5,110 | 7,690 | 1,060 0 0
2,380 | 1,440 | 856 001 | 915]6,430 | 7,600 | 960 0 0
2,340 | 1,350 | 892 - 754 | 1,350 | 5,670 | 8,220 | 832 ] 0
2,340 | 1,260 | 805 666 | 2,940 | 3,760 |-6,810 | 832 0 0
2,280 | 1,070 | 717 666 5,240 | 5,440 | 7,160 | 832 0 0
2,260 [ 1,000 | 649 666 |- 4,670 | 3,310 | 6,300 { 720 0 0
2,240 |....... 649 578 -[...-..| 8,310 |-...c.] -608 0 0

NoTE.—Figures have beenc slightly t ly with the rules of tions followed
U &, Goologiont Sumvey, hanged slightly to comply w: e rules oomputa ions follo: by the
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Monthly discharge of Rio Grande near San Marcial, N. Mez., for the year ending Sept. 30,

1917,
Discharge in second-feet, Run-off
Month, (total in
' Maximum.| Minimum.| Mean, |3crefeet).
11,400 135 | 2,640 162,000
2, 240 1,000 | 1,480 88,100
1, 497 796 X
526 741 45, 600
791 568 683 37,900
991 439 631 38, 800
5,240 665 | 1,590 94,600
9, 978 | 3,880 239,000 -
8,630 6,160 367,000
5,870 2,840 175, 000
500 98.4 6,050
1,930 130 7,740
11, 400 1,810 1,310,000

RIO GRANDE BELOW ELEPHANT BUTTE DAM, N. MEX.

LocatioNn.—In T. 13 8., R. 4 W., 1 mile below Elephant Butte dam, in Sierra County.
Nearest tributary, Mescal Canyon, enters half a mile downstream.

DRAINAGE AREA.—Not measured.

RECORDS AVAILABLE.—October 1, 1916, to September 30, 1917.

GaGE.—Stevens water-stage recorder on left bank 1 mile below dam.

DiscHARGE MEASUREMENTS.—Made from cable at gage.

CHANNEL AND cONTROL.—Channel composed of compact gravel; probably perma-
nent. Control located at gravel bar at mouth of Mescal Canyon; shifts.

Ice.—Stage-discharge relation not affected by ice.

REecuLaTION.—Flow controlled by Elephant Butte dam, which forms reservoir having
capacity of 2,638,000 acre-feet.

EXTREMES OF DISCHARGE.—No information.

CoorErATION.—Complete records furnished by United States Reclamation Service.

Discharge measurements of Rio Grande below Elephant Butte dam, N. Mezx., during the
year ending Sept. 30, 1917.

[Made by H. L. Lewis.]

Dis- Gage Dis- Dis-
Date. | peight. poharge. Date. height. | charge. Date. hgi;iet. charge.
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Daily discharge, in second-feet, of Rio Grande below Ele
ending Sept. 30, 1917,

phant Butte dam, N. Mez., for the

ZE338 22008 8833z 23888 23338 3888

Day. Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. [ July. | Aug. | Sept.
1,800 | 1,800 02,981,920 |1,920] 1,740 | 1,680 | 2,150 | 3,020 | 3,200 | 1,
1,800 0 012080 | 1,02 | 1,400 | 1,740 | 1,630 | 2,150 | 3,020 | 3,200 | 1,
1,800 0 002080 (1,020 | 1,180 | 1,740 | 1,920 | 2,150 | 3,020 | 3,200 | 1,
1,800 03,170 | 2,420 | 1,020 | 1,180 | 1,740 | 2,030 | 2,150 | 3,020 | 2,680 | 1,
1,800 03,170 | 1,920 | 1,020 | 1,400 | 1,740 | 2,030 | 2,150 | 3,020 | 2,100 | 1,
1,800 03,170 1,920 [ 1,920 | 1,920 | 1,740 | 2,030 | 2,150 | 3,080 | 2,100 | 1,
1,800 01,920 | 1,920 | 1,920 | 1,920 | 1,740 | 2,030 | 2,150 | 3,030 | 2,100 | 1,
1,800 01,180 | 1,920 | 1,920 | 1,920 | 1,740 | 2,030 | 2,150 | 3,040 | 2,100 | 1,
1,800 01,180 | 1,920 | 1,920 | 1,920 | 1,740 | 2,100 | 2,150 | 3,040 | 2,100 | 1,
...... 01,180 | 1,120 { 1,020 | 1,020 | 1,740 | 2,030 | 2,150 | 3,060 | 2,100 | 1,

01,580 | 1,920 | 1,920 | 1,920 | 1,740 | 2,010 | 2,150 | 3,080 | 2,100 | 1,
01,970 [ 1,020 | 1,920 | 1,920 | 1,740 | 2,000 | 2,160 | 3,090 | 2,100 | 1,
011,970 {1,920 | 1,920 | 1,920 { 1,740 | 2,000 | 2,160 | 3,090 | 2,100 | 1,
01,970 | 1,020 | 1,920 | 1,920 | 1,740 | 2,000 | 2,160 | 3,120 | 2,100 | 1,
632 11,070 | 1,920 | 1,920 | 1,800 | 1,740 | 2,000 | 2,160 | 3,120 | 2,100 | 1,
090 1,970 11,920 1 1,920 | 1,800 § 1,740 | 2,000 | 2,170 | 3,120 | 2,100 | 1,
1,680 11,970 { 1,920 | 1,920 { 1,800 | 1,680 | 2,000 | 2,170 | 3,120 | 2,100 | 1,
1,840 | 1,970 | 1,920 1,920 | 1,800 | 1,680 | 2,000 | 2,190 3,120 { 2,100 | 1,
840 | 1,970 | 1,920 | 1,920 { 1,800 | 1,680 | 2,010 ) 2,190 | 3,120 | 2,100 | 1,
1,800 | 2, 01,920 | 1,800 | 1,680 | 2,030 | 2,200 | 3,120 of 1,
1,800 | 1,980 01,920 | 1,860 | 1,680 | 2,030 | 2,200 | 3,120 0| 1,
,800 | 1,980 01,920 1,860 | 1,680 { 2,040 | 2,200 | 3,120 0| 1,
1,740 | 1,980 01,020 | 1,800 [ 1,680 | 2,100 | 2,200 | 3,120 of 1,
720 | 1,980 | 300 | 1,920 [ 1,800 | 1,680 | 2,110 | 2,200 | 3,160 0| 1,
720 [ 1,080 | 300 | 1,920 | 1,800 |1,680 | 2,130 | 2,590 | 3,160 | 2,080 | 1,
720 | 1,080 | 300 [ 1,920 | 1,800 | 1,680 | 2,120 | 3,010 | 3,180 | 2,080 | 1,
720 ... 695 | 1,020.| 1,800 | 1,680 | 2,120 | 3,010 | 3,180 | 2,030 | 1,
2720 | 2,930 | 1,060 1,800 | 1,680 | 2,120 | 3,010 | 3,180 [ 1,970 | 1,
,720 | 2,930 | 1,490 1,800 | 1,680 | 2,120 | 3,010 | 3,200 | 1,970 | 1,
720 | 2,980 | 1,920 1,800 | 1,680 | 2,120 | 3,010 | 3,200 | 1,970 | 1,

....... 2,980 | 1,920 1,800 |.......| 2,120 |.......] 3,200 | 1,950 [.-.....

Monthly discharge of Rio Grande below Elephant Butte dam, N. Mex., for the year ending

Sept. 80, 1917.

Discharge in second-feet.  Run-off

Month. - (total in
Maximum. | Minimum.| Mean, |B3cre-feet).

[T ST 1,800 1,740 | © 1,790 110,000

November. 1,840 0 935 55,600

3,170 0 1,870 115,000

2,980 £ 1,550 , 300

1,920 1,9 1,920 107,000

1,920 1,180 1,780 109, 000

1,740 1,680 1,710 102,000

1130 1,680 2 124,000

3,010 2,150 2,320 138,000

3,200 3,020 3,100 191,000

3,200 0 1,860 114,000

1,920 1,800 ;850 110,000

3,200 0 1,890 1,370,00C

CHAMA RIVER NEAR CHAMA, N. MEX.
LocarioN.—Insec. 25, T. 31 N., R. 3 E., at highway bridge on main road from Chama

to Tierra Amarilla, 2} miles southeast of Chama, 200 feet above mouth of Little
Chama River, in northern part of Rio Arriba County.

DRAINAGE AREA.—Not measured.

+RECORDS AVAILABLE.—May 27, 1914, to September 12, 1917, when station was dis-
continued. From September 23, 1912, to May 26, 1914, a station was maintained
on Chama River at Chama, 2 miles upstream. No intervening tributaries of

consequence. .



RIO GRANDE BASIN, 85

Gace.—Stevens water-stage recorder installed on downstream side of bridge pier.

DiscHARGE MEASUREMENTS.—Made by waging or from highway bridge.

CHANNEL AND CONTROL.—Banks are medium in height but are not overflowed ex-
cept during extremely high stage. Bed of stream composed of sand, gravel, and
1ock. Control at rapids 100 feet downstream; shifting.

EXTREMES OF DISCHARGE.—Maximum stage during year, from water-stage recorder,
4.25 feet at 9 p. m. June 9 (discharge, 1,740 second-feet); minimum stage 1.42 feet
at 1 a. m. August 31 (discharge, 29 second-feet). )

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

Diversions.—City ditch diverts about 2 second-feet from June to September.

REecuLaTION.—None.

Accuracy.—Stage-discharge reldtion changes from year to year. Rating curve well
defined between 40 and 600 second-feet but not well defined above 600 second-
feet. Operation of the water-stage recorder intermittent for lack of permanent
observer. Daily discharge ascertained by applying to rating table the mean daily
gage height obtained by inspecting recorder graph. Records good below €00
second-feet and fair above.

Discharge measurements of Chama River near Chama, N. Mex., during the year ending
Sept. 30, 1917.

Date. Made by— hgiaggﬁ. ehlgif'g'e.

Feet. | Secft.
Apr. 26 [ (. 8. COWAre Y, Jlue e ccieeincieaiae et caicaaacaaccaeectnnannancaannnn 3.50 953
Robert Follansbee. . ...coeerieeeiriieiieiiciaecciiasneeiceaneenenasnnn 1.49 33.6

Daily discharge, in second-feet, of Chama River near Chama, N. Mezx., for the year ending
Sept. 30, 1917.

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

EERRE BUVBE

- 3
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Monthly discharge of Chama River near Chama, N. Mezx., for the year ending Sept. 80, 1917.

i -feet,
Discharge in second-fee Runoff

Month. et
Maximum. | Minimum.| Mean. acre-feet).

4a] 15 9,500

602
85 42 60.3 3,230
794 05| 276 13,100
1,200 200 | 542 25,800
1,180 59| 80 32,800

CHAMA RIVER NEAR EL VADO, N. MEX.

Location.—In T. 28 N., R. 2 E,, at entrance to box canyon 1 mile below El Vado,
15 miles southwest of Tierra, Amarilla, near center of Rio Arriba County. Nutrias
Creek, which forms south line of Tierra Amarilla land grant, joins Chama River
from the north 4 miles below the station.

Dramnage ArEA.—Not measured.

RECORDS AVAILABLE.—September 28, 1913, to June 18, 1917, when station was dis-
continued.

Gaae.—Stevens water-stage recorder installed on rock wall on right bank.

DISCHARGE MEASUREMENTS.—Made by wading or from cable located just above the
gage.

CHANNEL AND cONTROL.—Bed composed of solid rock overlain with gravel; changes
slightly. Banks high and not subject to overflow. Rock reef just below gage
serves a8 control.

ExXTREMES OF DISCHARGE.—Not determined.

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

DrversioNs.—Between Park View and the El Vado station, approximately 3 second-
feet diverted from Chama River and 2 second-feet from intervening tributaries
during irrigation season.

REeauraTioNn.—None.

Accuracy.—Stage-discharge relation changes slightly. Rating curve well defined
below 1,400 second-feet, but not well defined above. Operation of water-stage
recorder satisfactory. -Daily discharge ascertained by applying to rating table
the mean daily gage height obtained. by inspecting recorder graph.  Records
good.

Discharge measurements of Chama River near El Vado, N. Mex., durmg the year ending
Sept. .80, 1917.

Date. Made by— hﬁi“gﬁ. chlzlrsée. Date. Made by— hm. ch]g‘r’ge.
| Feet. | Secft. Feet. | Sec.ft.
Nov. 30 G 8. Cowdrey, jr...... 0.57 95 || June 14 | G. 8. Cowdrey, jr.....- 5.62 2, 150
Mar. doall 1.73 378 || Sept. 13 | Robert Follansbee...... .20
June 311 do T Il 5.82 | 2,5%0
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Daily discharge, in second-feet, of Chama River near El Vado, N. Mex., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | June. Day. Oct. | Nov. | June. Day. Oct. | Nov. | June.

NoOTE,—Oct. 812, 14-15, daily discharge was obtained by averaging the hourly discharge.
Monthly discharge of Chama River near El Vado, N. Mex., for the year ending Sept. 30,
1917.

- Discharge in second-feet.
Month, Runet (o
M Maximum. | Minimum. | Mean.
[0 10 1,280 65 408 25,100
November 1-14. .. ... oo iicaaaaaen 214 87 155 4,300

BRAZOS RIVER NEAR BRAZOS, N. MEX.

LocaTioNn.—At the mouth of box canyon 3 miles east of Brazos, 15 miles southeast
of Chama, in northern part of Rio Arriba County, about 1} miles above mouth
of Little Brazos River.

DrAINAGE AREA.—Not measured.

Recorps AVAILABLE.—September 18, 1913, to September 6, 1917, when statmn was
discontinued.

Gaee.—Friez water-stage recorder on left bank.

DiscHARGE MEASUREMENTS.—Made by wading or from cable near the gage.

CHANNEL AND CONTROL.—Bed of stream composed of rock, gravel, and sand; slightly
shifting. Banks are of medium height and not subject to overflow except during
extremely high stages. Control at small rapids 150 feet downstream; practically
permanent,.

EXTREMES OF DISCHARGE.—Maximum stage during the year, from Wa.ter—stage recorder,
3.85 feet at 10 p. m., June 4, 8, 9 (discharge, 2,680 second-feet); minimum dlB-
charge probably occurs dm'mg winter.

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

Drversions.—No diversions above station, but appmxunately 8 second-feet diverted
below during irrigation season.

RecuraTion.—None.

Accuracy.—Stage-discharge relation not permanent. Rating curve well defined
below 1,400 second-feet, but not well defined above. Cperation of water-stage
recorder satisfactory. Daily discharge ascertained by applying to rating table
the mean daily gage height obtained by inspecting recorder graph. Records
excellent below 1,400 second-feet; fair above.
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Discharge measurements of Brazos River near Brazos, N. Mex., during the year ending
Sept. 80, 1917.

Date. Made by— h‘jfgi"t_ chll)airsée. Date. Made by— hgiﬁft. ch’ffée.
Feet. | Sec.ft. Feet. | Sect.

Dec. 6| G. 8. Cowdrey, jr...... 0.61 34.2 || June 6| G. 8. Cowdrey, jr...... 2.67 972
Apr. 26 {..... s S, 2.63 | 1,020 Sept. 13 | Robert Follansbee..... .23 24.9

v

Daily discharge, in second-feet, of Brazos River near Brazos, N. Mezx., for the year ending
Sept. 30, 1917.

g

Day. Oct. | Nov. | Apr. May.JJune. July. | Aug.

5| 285 38
208 | 268 34
1,210 246 32

1,520 191 30

8
e -]
8
8 oNNNER

o
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®
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Nore.—May 2 to June 28, discharge computed by the indirect method for shifting control. Apr. 29,
May 1, 13-14, 22, and 28, dax’ly discharge obtained by averaging the bihourly discharge.

Monthly discharge of Brazos River near Brazos, N. Mex., for the year ending Sept. 30,
1917.

Discharge in second-feet. Run-off
Month. (total in
Maximum. | Minimum. | Mean, | 80re-feet).
508 3l 1719 11, 000
102 80.2 1,750
1,390 195 707 7,010
2140 nil es 40,000
1,730 07| 876 52,100
285 34| 103 6,330
38 24 28.2 1,730
24 23 23.7 282




RIO GRANDE BASIN,

PECOS RIVER NEAR DAYTON,

LocaTtroN.—In sec. 13, T. 18 8., R. 26 E., 3 miles
half a mile above mouth of Penasco R1ver
DrAINAGE AREA.—Not measured.

89

# MEX,

qa,st of Dayton, Eddy County,

RECORDS AvAmLABLE.—March 24, 1905, to September 30, 1917.

Gace.—Stevens water-stage recorder on right bank;|installed August 27, 1914, at
same site and datum as staff gage installed September 7, 1905. Original gage,
which was 100 feet below the mouth of Penasco River and half a mile below

present gage, was washed out September 6, 1905.
DiscHARGE MEASUREMENTS.—Made from cable.

CHANNEL AND CONTROL.—Bed composed of sand and gravel.

during high stages. Right bank consists of clay,
subject to overflow during extremely high stages.

EXTREMES OF DISCHARGE.—Maximum stage recorde
10 a. m. August 20 (discharge, 4,110 second-fee

at 11 a. m. July 21 (discharge, 27 second-feet).
1905-1917: Maximum discharge, (gage height
feet, July 25, 1905, (derived from discharge at

flow of Penasco River); minimum stage, 2.45 feet

m. July 27, 1916 (discharge, 23 second-feet)
‘Icn —None reported during year.
Drversions.—Consideralile water is diverted above
valley lands; quantity not known but not in ¢
project of the Unitéd States Reclamation Servi
acres in the vicinity of Carlsbad and stores part
in Lake McMillan, 10 miles below gage.
REecuraTion.—None.
Accuracy.—Stage-discharge relatmn not permanent;

Shifts, especially
left bank of sand; both banks
No well defined control.

d during year, 10.50 feet at
); minimum stage, 2.50 feet,

not recorded,) 50,300 second-
Lake McMillan and includes
from 11 p. m. July 26 to 1 a.

tation for the use of irrigable'

rjnﬂict with rights of Carlsbad

e, which serves about 20,000

of the water used near Ca.rlsbad

i

periods of change are covered

by discharge measurements.’ Daily stage determined by inspecting recorder-

graph, or, for days of considerable fluctuation, by

Discharge determined by shifting-control metho;

height directly to rating table.

CooreraTION.—Complete records furnished by the Un
ice, from October 1 to December 31; base data, J

Discharge measurements of Pecos River near Dayton, N

Sept. 30, 1917.
[Made by engineers of United States Recl:

averaging hourly gage heights.
d, or by applying mean gage

ited States Reclamation Serv-
anuary 1 to September 30.

V. Mex., during the year ending

|
tion Service.]

1
G Dis- G Dis- Gt Dis-
Date. heim. charge. Date. heigﬁ;. charge. Date. helgﬁ X

Feet, | Sec. Feet. | Sec.ft.
Oct. 1.......... 3.49 06 3.59 33
5.60 732 3.40 16
4.40 311 3.22 83
4.00 222 3.10 180
4.52 348 3.50 118
4.68 415 3.60 146
4.64 352 2.72 39
4.45 270 2.80 45
. 4.42 268 2.60 31
4.40 263 2.56 31
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Daily discharge, in second-feet, of Pecos River, near Dayton, N. Mezx., for the year ending
Sept. 30, 1917.

Day “{ Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
1091 2561 262| 366| 275| 164| 116 82| 127 32 880
110 256 262 382 270 163 1 74 143 66 552
108 252 262 448 275 167 118 67 139 47 488 685
104 240 262 474 175 1 65 128 4 243 506
101 222 262 270 174 106 66 127 135 470

98 198 262 382 263 177 106 71 118 47 66 430
- 95 210 262 350 263 187 106 79 104 52 41 386
92 230 268 331 296 175 98 89 111 41 35 347
95 226 270 324 314 175 94 88 118 38 28 314
101 230 222 317 308 165 88 94 110 38 31 288
104 222 262 305 290 172 88 102 99 35 32 263
128 222 260 296 272 172 89 108 36 32 245
204 218 258 230 272 157 88 128 71 32 36 225
352 214 242 285 270 146 84 175 62 33 39 213
588 230 254 288 268 140 82 182 53 30 655 185
584 240 266 288 270 135 80 218 45 45| 1,040 174
528 238 340 280 268 135 85 207 41 59 795 488
511 240 436 275 268 135 82 161 45 44 670 479
445 236 415 278 263 132 78 128 47 36 630 585
412 238 338 282 257 130 76 116 42 32| 2,910 547
3161 328 ‘' 282 130 74| 114 42 30 | 2,050 362
334 320 299 119 73 105 47 30 880 324
331 310 575 116 78 91 45 32 488 243
334 310 552 128 7 172 45 32 370 217
331 300 3% 128 1] 251 56 32 102

337 | 208 382 131 74| 218 66 32| 251
322 208 350 128 73 187 60 205 261
310 302 378 128 77 171 56 30 178 205
20| 349 354 128 78| 143 50 30 157 184
278 338 314 124 78 126 45 32 47} 157
....... 346 15 ... 122)....... 3 M0 .......

NotE.—Discharge determined as follows: Jan. 23 to Mar. 20 and June 12 to Aug. 3 directly from rating

table; Jan. 1-22, Mar. 21 to Jlme 11, Aug. 4 to Sept. 30 by indirect method for sl?i%ting control. Oct. 1to

Dec. 31 records furnished en%ineers of United States Reclamation Service; discharge from Jan. 1 to

mpt 30 computed by englmers United States Geological Survey and appmved by engmeers of Reclama~
n Service,

Monthly discharge of Pecos River near Dayton, N. Mex., for the year ending September 30,
1917.

Discharge in second-feet.
: Run-off
Month. - (total in
Maximum.| Minimum. | Mean. | acre-feet).
588 280 17,200
337 198 260 15, 500
297 18,300
575 25| 350 21, 500
314 164 256 14,200
187 115 147 9,040
122 88.5 5,270
251 120 7,930
143 41 7.7 4,620
59 30 37.2 2,280
2,910 28 424 26,100
880 157 355 21,100
2,910 28 225 163,000
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Days of deficiency in dischairge of Pecos River near Dayton, N. Mex., for the years ending
Sept. 30, 1906-1917. !

RIO GRANDE BASIN.

Days of deficient discharge. |

Dischar; : :
in second- [
feet. 1905 | 1906 | 1907 |« 1908 | 1909 | 1910 | 1911 912 | 1913 | 1914 | 1915 | 1916
-6 -7 +8 -9 { -10 -11 -12 18 ~14 -15 | .~-16 -17
- |
50 |
75
100
125

Sttt 3CIC IS

S

Q0.0 1w, 09 D 00, 1 st hond bt

&

88882388336858822288588E858

bt et
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&

¢ Daily discharge for Jul; Aug. 2, 1908, not included. Figures given for discharge above 90 second-
feet are {heretoregseub)ect 3) mé’r & b ‘# ¢ €

PECOS RIVER AT CARLSBAD, ﬂl MEX.

Locamion.—In SE. § sec, 6, T. 22 8., R. 27 E,, at Grpen Street Bridge in Carlsbad,
Eddy County, 300 feet downsl:rea,m from Atclusoxi Topeka & Santa Fe Railway
station, 1,500 feet above mouth of Dark Canyon, 2,000 feet below Hagerman
dam,

DraiNnaGE AREA.—Not measured. :

RECORDS AVAILABLE.—May 28, 1903, to March 31, 1908 May 13, 1914, to September
30, 1917,

Gaee.—Vertical staff attached to upstream side of middle bridge pier, installed May
18, 1914; gage used from May 28, 1903, to October, 1904, was an inclined staff
gage at the present site. From October, 1904, to March 31, 1908, vertical staff
gage at the same site was used.

D1sCHARGE MEASUREMENTS.—Made by wading or from bridge.

CHANNEL AND CONTROL.—Bed composed of gravel and rock; nearly permanent,
but changes may occur after high stages and slight changes have taken place
during the lower stages. Banks of medium height; not subject to overflow.
Position of control not known.

ExXTREMES OF DISCHARGE.—Maximum stage recorded\ during year, 6.0 feet October
14 (discharge, 5,910 second-feet), minimum stage, 0.50 foot July 24 (discharge,
26 second-feet).

1903-1908, 1914-1917: Maximum stage recordéd, about 21.0 feet August 7,
1916 (d.lschm-ge 85,700 ! second-feet); minimum tage July 24, 1917.

1 Discharge at Avalon dam; reported by engineers of Unlteﬁ States Reclamation Service.
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Ice.—None reported during year.

Diversions.—Large quantities of water are stored a few miles above station in Lakes
McMillan and Avalon by the United States Reclamation Service for irrigating
lands near Carlsbad. Water is also diverted for irrigation in valleys adjacent to
river above Lake McMillan. Capacity of storage reservoirs in connection with
the Carlsbad project, 58,500 acre-feet. Considerable water seeps into the river
between the storage reservoirs and the gaging station, the quantity depending
on the quantity being used for irrigation between the two points.

RecuraTioN.—Flow at this point completely controlled by storage reservoirs of the
Carlsbad project.

Accuracy.—Stage-discharge relation not permanent. Standard rating curve fairly
well defined below 8,000 second-feet. (age read to half-tenths once daily. One
daily reading may not be a true index of the mean daily discharge because of
fluctuation due to operation of storage reservoirs. Daily discharge ascertained
by indirect method for shifting control. Records fair.

CoopERATION.—(Gage-height record furnished by United States Reclamation Service.

Dischargemeasurements of Pecos River at Carlsbad, N. Mezx., during theyear ending Sept. 30,

1917.
Date. Made by— ponk® | oo || Date. Made by— rouks. | charso.
L
Feet, | Secft. Peet, | sec .
Jan., 16 | R.C. Thaxton......... 2.00 480 May 6 | R.C. Thaxion...... .| 105 91.4
Mar. 14 { R1J. Hank. ... 202000 117 102 | June 23 |.....  SUUOTSNS | es| 583

Daily discharge, in second-feet, of Pecos Rwer at Carlsbad, N. Mex., for the year ending
Sept. 30, 1917.

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

167 270 413 174 103 91 69 152 87 101
483 | 1,770 476 109 103 91 62 123 87 91
1,600 m 9 103 91 62 182 82 91

Y
33

=
I
3
8
g
=
2
>
8
-
K
~3
~
©
Tuud

359 421 476 109 103 91 57 152 7 91
359 359 476 100 103 91 b7 167 87 91
299 | 483 413 109 103 91 57 167 87 91
209 | 483 203 109 103 91 571 152 87 91
299 483 240 100 103 91 57 152 87 91
299 483 202 119 103 91 213 167 87 93
299 483 164 119 103 91 119 182 87

299 111 119 107 101 182 87 97
299 715 111 119 107 101 79 182 87

299 | 832 1 119 107 91 79 182 87 101
299 419 121 131 107 91 621 182 87 108
299 | 389 | 111 109 107 91 b7 36 89 105
299 [ 389 138 119 107 43 119 91 107
299 329 164 109 107 43 19 41 101 109
483 389 476 99 97 43 41 101 1
483 109 97 53 52 41 101 113
299 109 97 e &7 41 91 113
299 109 97 81 57 87 91 113
329 9 9 81 57 26 91 113
859 99 107 m 57 36 91 113
299 103 111 101 &7 106 113
359 103 101 81 57 17 121 13
359 103 101 71 79 128 121 3
359 103 91 71 79 107 116 93
344 103 91 71 80 97 m 83
329 108 {..coonl] T eae.el. 87 m.......

-NoTE.—Gage he htsmissing on Oct. 1,7, 8 12 15 16, 22, and 29; Nov. 4, 7, 12, 20, 25, 28, and 30; Dec.

B i e £ o 0, e e b A1 g 2 M L A T
y an ant —

polat; fion and miormation fum{shsd by dbserver and enginee’rs’ ' ’ v
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Monthly discharge of Pecos River at Carlsbad, N. Mez., for the year ending Sept. 30, 1917.

Discharge in second-feet. Run-off (to-
Month, talinacre-
Maximum.| Minimum.| Mesn, | feet)-

5,910 113 527 32,400

789 152 205 12,200

483 167 343 21,100

1,770 270 | 551 33,900

476 111 207 16, 500

174 99 111 6,820

107 91 102 6,070

111 43 82.5 5,070

213 52 74.5 4430

182 26 116 7,130

121 7 93.2 5,730

113 83 100 5,950

5,910 26 217 157,000

PECOS RIVER NEAR ANGELES, TEX.

Locarron.—In T. 26 S., R. 29 E., just below Pecos Valley Railroad bridge crossing
Delaware Creek at its mouth, 2 miles north of New Mexico-Texas State line, 2}
miles southeast of Red Bluff, Eddy County, N. Mex., 8} miles northwest of
Angeles, Reeves County, Tex.

DrAINAGE AREA.—Not measured.

REeCORDS AVAILABLE.—May 27, 1914, to September 30, 1917,

GAGE.—Stevens continuous water-stage recorder, at first outcropping of rock on the
right bank about 600 feet below railroad bridge and mouth of Delaware Creek.

DrscHARGE MEASUREMENTS.—Made by wading or from cable half a mile downstream.
Cable washed down in August, 1916; new cable installed in March, 1917.

CHANNEL AND CONTROL.—Bed and banks composed of sand, gravel, and rock; banks
not subject to overflow. Control formed by a series of rapids about 200 feet
below the gage; shifts. -

EXTREMES OF DISCHARGE —Maxlmum stage during year, from water—sta.ge recorder, °
3.65 feet 3 p. m. October 14 (discharge, 3,860 second-feet); minimum discharge,
June 20, 104 second-feet (gage height from water-stage recorder, 0.38 foot).

1914—1917 Maximum stage recorded, 21.5 feet 10 a. m. August 8, 1916, measured
by leveling from flood marks (discharge not determmed), minimum discharge
June 20, 1917. . ‘

Ice.—Stage-discharge relation not seriously affected by ice; open channel rating
assumed applicable.

Diversions.—The Carlsbad project of the United States Reclamation Service, with
reservoirs of a capacity of 58,500 acre-feet, diverts a large part of the natural
run-off above Carlsbad, N. Mex. During the season of irrigation considerable
water is returned to the'stream by seepage from the lands in the vicinity of Carls-
bad. In addition to the water used by the Carlsbad project, some diversions are
made for irrigation in the basin above the storage reservoirs of the Carlsbad project.

ReeuraTION.—The operation of a water-power plant of 300 horsepower capacity above
station, just below Carlsbad, N. Mex., does not materially regulate flow at gage.
The flow is, however, regulated to a large extent by waters stored in the reservoirs -
of the Carlsbad project. In the season of irrigation the effect of the regulation
is decreased by return seepage waters, but during the winter the flow depends
on water released at the reservoirs.
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Accuracy.—Stage-discharge relation not permanent. Standard rating curve, used

for computing daily discharge by shifting-control method, fairly well defined
between 140 and 4,500 second-feet. Gage-height record not continuous due to
imperfect operation of recorder. Mean daily gage height obtained by inspecting
recorder graph, or, for days of considerable fluctuation, by averaging the hourly
gage heights. Records fair October 1, v February 28, and August 26 to Sep-
tember 14; good, March 1 to August 25, and September 15-30.

Discharge for September, 1916, has been revised by means of measurements
made in 1917. The determinations published herewith supersede those pub-
lished in Water-Supply Paper 438.

Discharge measurements of Pecos River near Angeles, Tex., dunng the year ending

Sept. 30, 1917.

Date. Made by— poage. chlg‘rsge_ Date. Made by— h‘ji;i?c' ch’;}"’g'e_
Feet. | Secft. Feet, | Sec.ft.

Mar. 16 R.J. Hank....ccaeenn.. 0.53 170 || July 6 | Gray and Hank........ 0.52 169
May R. C. Thaxton......... .47 139 || Sept. 11 | E. P. Congdon......... .88 476
June ?A ..... L) 11 S .43 119 15 |..... 0uneeennmnrmnnnnns .45 143

Dazly discharge, in second-feet, of Pecos River near Angeles, Tex., for the period Sept. 1,

1916, to Sept. 30, 1917.

Day. Sept. | Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July.| Aug. | Sept.
2081 305( 200 402{ 260 156 160 216{ 131 128 131 180
2001 2801 188 | 402{ 350 164 | 176 | 200{ 140{ 137 2 170
208| 260 | 228| 776| 340 160 | 184§ 188 137} 125| 176 170
208| 256 | 300| 990 | 335 160 | 1641 168 134 128 | 144 170
208 390 ( 300 840 | 355 | 172 152 | 152 | 116 | 137 131 170
204 | 280 | 265 632| 366 | 172 | 144 | 172 | 119 | 160] 248 170
200 252 260 4961 305| 164 | 152 | 184 | 125| 152 | 144 170
200 | 236 474| 810| 160 | 160 | 1801 128 | 137 128 170
228 | 244 | 252 | 444 335] 164 | 160 | 172} 123| 125] 128 170
248 | 2571 252 | 414§ 320 184 | 164 | 180 | 116 122 | 128 1,000
270 | 270 315 8] 270] 188) 160 | 184 | 110] 125 122 980
305 260| 345| 3781 216 192| 168 176 128 119] 131 780
680 | 252 350 188 |- 184 | 180 | 176 | 164 | 119 | 168 580

2,300 | 232 | 345| 752 192 | 188 | 168 134 119] 160
704 | 220 A 176 | 180 | 164 | 122 122 140 184
680 | 208 | 300 | 536 196 | 176 | 152 | 113 | 128 | 134 488
680 | 2121 280 | 438 172 180 | 184 | 148 | 119 131 | 140 280
6481 216 | 200 372 | 168| 172 | 192 | 144 | 113 ] 137 236
664 2901 350 | 125| 1 192 | 148 1071 134 | 184 193
496 408 | 355 113 | 180 | 200 148 | 104 [ 134 | 134 208
232 | 450 ) 3451 113 184 | 204 | 152 | 1161 131 | 131 188
385 | 236 | 462 | 345| 156 | 172 220 | 134| 119 | 134 | 128 256
224 | 396 | 335) 140 | 172 228 | 148 | 116| 125 137 176
270 | 228 | 384 | 340 224 | 172 | 232 152} 122| 128 131 456
224 | 315 350 208) 172 | 244 | 152 172 | 122 | 160 172
1,500 [ 212 | 372 340 180 | 244 | 144 122| 116 | 160 168
500 | 198 40 188 | 240 | 140 125| 125 170 172
430 | 512 | 432 310 1721 236 144 | 140| 128 | 190 172
360 | 340 330 |. 164 | 236 | 134 | 144 | 125| 190 168
355 | 244 | 4201 320 |. 156 | 220 | 131 134 | 125 | 185 168
330 {...... 408 | 300 |. 168 |...... 131 J...... 128 | 180 |......

26 to

Note.—No gage-height record Se Pt 1, 2, and 4-12, 1916, Oct. 21-28, Oct. 31 to Nov. 3, Nov. 10, and Aug
'y

Sept. 14; discharge estimated from record at Carlsbad and notes furnished b y observer and’ engin
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Monthly discharge of Pecos River near Angeles, Tex., for the period Sept. 1, 1916, to
Sept. 80, 1917.

. i d-

Discharge in second-f Run-off

Month. (total in
Maximum., | Minimum.| Mean acre-feet).
1,070 192 354 21,100
2,300 200 473 29,100
512 198 258 15,400

462 188 331 ,

990 300 458 28,200
366 113 241 13,400
196 156 174 10,700
244 144 191 1,400
216 131 161 9,900
172 104 126 7,500
160 116 129 7,930
248 122 157 9,650
1,000 168 298 17,700
2,300 104 250 181,000

" PECOS RIVER ABOVE BARSTOW, TEX.

LocaTioN.—Three-quarters of a mile below head gate of Biggs irrigation project, 1 mile
east of Patrole siding on Pecos Valley Railway, 11 miles above head gate of Barstow
Irrigation Co., 14 miles noerthwest of Barstow, Reeves County, 10 miles northwest
of Pecos.

Dramace ArEA.—Not measured.

Recorps AVAILABLE.—February 1, 1916, to September 30, 1917.

GagE.—Stevens water-stage recorder on right bank.

DiscHARGE MEASUREMENTS.—Made by wading or from cable 150 feet below gage.

CHANNEL AND cONTROL.—Channel straight 100 feet above and 300 feet below station.
Bed composed of gravel, clay, and sand; not permanent. Right bank is clay,
clean, and fairly permanent; left bank loose and covered with salt cedar; both
banks are overflowed at gage height about 10 feet. Shoal 250 feet below gage serves
a8 control; shifts during high water.

ExTREMES OF DISCHARGE.—Maximum stage during year, from water-stage recorder,
9.7 feet October 15 (discharge, 2,820 second-feet); m1mmum discharge June 24,
22 second-feet (gage height from water-stage recorder, 0.88 foot).

1916-1917: Maximum stage, from water-ata.ge recorder, 12.1 feet at 6 a. m.
August 10, 1916 (discharge not determined); minimum discharge, June 24, 1917.

Ice.—None repbrbed during year.

Drversions.—In addition to water stored and lands irrigated in New Mexico by the
Carlsbad project of the United States Reclamation Service, some lands in Texas
are irrigated just above the station. Considerable water is returned to the river
by seepage below the reservoirs. The Second Report of the Board of Water Engi-
neers for the State of Texas shows that 28,800 acres were declared irrigated above
the station, the quantity of water necessary under an assumed duty of 3 acre-feet
per acre being 86,400 acre-feet.

RraeuLaTiON.—Storage in connection with the Carlsbad project controls the run-off
during parts of the year. The operation of a water-power plant of 300-horsepower
capacity, below Carlsbad, does not affect the flow at this point,
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Accuracy.—Stage-discharge relation not permanent. Standard rating curve well
defined below 700 second-feet and poorly defined above. Mean daily gage height
determined by inspecting recorder graph or, for days of considerable fluctuation,
by averaging the hourly gage height. Breaks in gage-height records caused by
collections of silt in float box. Daily discharge ascertained by shifting-control
method. Determinations of discharge during extremely high stages is subject to
error caused by water flowing over both banks. Records good for periods during
which water-stage recorder operated satisfactorily.

Drscharge measurements of Pecos River above Barstow, Tex., during the year ending
*  Sept. 30, 1917.

Date. Made by— 1oif® | s || Date. Made by— pas | e,
Feet, | Sec#t
Nov. 8 June 20 | R. C. Thaxton......... 0.95
10 July 6 Grag and Hank........ 1.14 56.7
Jan. 10 }. Aug. 12 | E. O. Francisco........ .98 35.4
26 do. 5 Sept. 9| E. P. Congdon......... 1.09 45.3
Mar. 17 | R.J. Hank 2.05 110 13 |..-.. [ s SR 1.97 136

May 4| R.C. Thaxto 1.50 81.3

Daily discharge, in second-feet, of Pecos River above Barstow, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.
3481 368 94 87 59 83 76 100
346§ 361 278 96 86 60 83 60 .68
342 353| 214 84 84 63 78 55 54
545 4231 262 86 81 73 68 48 53
1,090 ] 401 234 94 83 7 63 92 50
9771 391 231 95 83 65 58 83 48
864 ] 401 184 96 83 62 70 53 47
751 380 | 168 96 89 58 87 48 46
638 | 304 142 95 98 56 90 43 46
525 330 217 97 101 50 68 43 46
525| 323 225 104 99 50 62 38 46
525 | 288 224 101 102 49 61 37 292
515| 278 224 99| 103 49 58 35 292
591 274 197 99| 103 50 56 78 126
667 | 2712| 170 99| 104 86 54 66 il
7431 284 143 118 97 74 48 66 348
820 | 259 116 104 84 54 44 65 689
773 | 258 107 99 79 43 40 63 252
725 | 258 100 95 i 35 36 98 208
677 | 256 99 94 % 28 a5 104 184
6291 255 96 90 ki 27 36 70 162
581 255 92 88 74 24 26 55 147
533 291 92 88 7% 24 28 52 144
4851 290 93 92 2 22 31 50 141
480 288 90 92 66 110 35 49 227
474 | 286 89 881 . 64f 232 43 49 146
463 | 284 86 91 61 159 45 52 128
430 | 282 88 90 621 141 40 54 110

ceeneas 90 88 641 108 38 53 98
89 84 64 98 561 57 94
89 |.eanen. 60 [..ucu.. 100 60 |.......

Nore.—No gage-height record Oct. 9-15, 23-26, Nov. §-7, Dec. 18-27, Jan. 6-9, 14-16, 18-23, and 25, Feb.
2450 Mar. 2, Mar. 14-16, Apr. 8 and 7, June 19, Aug. 31, and Sept. 1; distharge defermined by {nterpolation,
by means of record on Pecos River at Angeles and data fum}:she& by engineers and observer.
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Monithly discharge of Pecos River above Barstow, Tex., for the year ending Sept. 30, 1917.

Discharge in second-feet.
Run-off
Month. (totalin
Maximum. | Minimum.| Mean, |3cre-feet).
2,000 95 339 20, 800
420 174 230 13,700
485 171 322 19,800
1,090 342] 589 36, 200
423 255 310 17,200
280 86| 157 9,650
118 84 94.5 5,620
104 60 81.8 5,030
232 22 69.3 4,120
100 2 55.5 3,410
104 35 59.7 3,670
639 46 150 > 030
2,000 22 205 148,000

PECOS RIVER NEAR GRANDFALLS, TEX.

LocaTioN.—At site of old highway bridge where Grandfalls-Fort Stockton road for-
merly crossed Pecos River 14 miles upstream from present Grandfalls-Fort Stock-
ton road crossing at Iron Bridge, 2 miles below diversion dam for silt-line canal
of Imperial Irrigation Co., about 8 miles south of Grandfalls, Ward County, 4%
miles above diversion dam of Zimmerman project, 21 miles south of Monahans.

DRrAINAGE AREA.—Not measured.

REecorps avapLaBLE.—November 6, 1915, to September 30, 1917. Records were taken
at Iron Bridge, 1} miles downstream, from November 6, 1915, to August 3, 1917.
Discharge at both points believed to be the same.

GAGE.—Stevens water-stage recorder, installed August 9, 1917, on downstream side
of old bridge pier near left water’s edge. Prior to August 3 a Stevens water-
stage recorder at Iron Bridge. Backwater from Zimmerman dam compelled the
relocation of the station.

DiscHARGE MEASUREMENTS.—Made by wading 500 feet above station, from cable 50
feet above gage, or during extremely high stages, at Iron Bridge.

CHANNEL AND CONTROL.—Bed of stream solid rock, clean, smooth, and permanent.
Channel straight for 100 feet above and below station. One channel below gage
height of 8 feet; above this stage both banks which are dirt and wooded are subject
tooverflow. Rock ledge extending diagonally across stream just below gage serves
as low-water control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, from water-
stage recorder, 8.10 feet, 6 p. m. October 16 (discharge, 1,640 secorid-feet); mini-
mum discharge, 8.9 second-feet, May 81 (gage height from water-stage recorder,
2.49 feet).

1915-1917: Maximum stage, from water-stage recorder, 12.8 feet at 8 a. m.
August 29, 1916 (discharge, 4,370 second-feet; determined from extension of
rating curve and possibly subject to considerable error); minimum stage, 0.38
foot at 1 a. m. April 17, 1916 (discharge not determined, but less than 0.7
second-foot).

Ice.—None reported during year.

93838°—19—wsp 468——7
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DiversioNs.—Station is 2 miles below diversion of silt-line canal of the Imperial
Irrigation Co., 18} miles below diversion for the Imperial reservoir (17,000
acre-feet capacity), 153 miles below diversion for Grandfalls project and 4} miles
above diversion for Zimmerman project. Available data show that tracts aggre-
gating approximately 143,000 acres are irrigable between station and lower limits
of Carlsbad project of United States Reclamation Service. Second Report of
Board of Water Engineers for the State of Texas shows total number of acres
declared irrigated in Texas above the station to be about 58,000, the amount of
water required under an assumed duty of 3 acre-feet per acre being 174,000 acre-
feet. The effect of diversions is somewhat counterbalanced by water returned
to stream by seepage.

REeauLaTION.—None.

Accuracy.—Stage discharge relation permanent at present site, but subject to
changes in control and effect of backwater at former site. Rating curve well
defined below 3,200 second-feet for Iron Bridge station and below 75 second-feet
feet at present site. Gage-height record somewhat fragmentary, owing to stop-
ping of water-stage recorder. Gage read once daily to hundredths; November 9
to January 9, recorder not in working order. Mean daily gage height obtained
by inspecting recorder graph or, for days of considerable fluctuations, by use
of planimeter. Daily discharge ascertained by applying mean daily gage height
to rating table as indicated in footnote to table of daily discharge. Records fair,
October 1 to May 11, and August 9 to September 30; poor May 12 to August 8.

Discharge measurements of Pecos River near Grandfalls, Tex., during the year ending
: Sept. 30, 1917.

-

Date. Made by— hgia et_ ch]g:-sge. Date. l Made by— hgiﬁz;. ch]z)zisg—e.
Feet Sec.ft. Feet, | Sec. -ft

Nov. 9 R. C. Thaxton 109 May 3| R.C . 8.5
do 105 June 19 ..... 21.0

382 July Gmg 11.6

268 Aug. 9.2

41 Sept. 19 E.P. Congdon 43.5

2 Measurement made in gap in flash boards of Zimmerman dam located below station.
b Stage-discharge relation affected by backwater from Zimmerman
¢ August 8 station was moved 1.5 miles upstream. Gage referred to new datum,
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Daily discharge, in second. feet, of Pecos River near Grandfalls, Tex., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
242 338 202 180 20 42 22 4.4 24| 28 16
192 275 202 109 20 50| 21 5.0 18| 29 20
127 202 76 471 20 6.0 14| 28 24
124 142 178 71 21 43 | 22 6.2 131 28 27
121 182 87 37 39| 23 6.2 11| 24 29
118 332 705 96 54 35| 24 8.0 1| 20 31
115 188 621 83 58 35| 24 9.7 121 16 34
112 192 549 81 7 31| 26 9.2 12 13 37
109 164 325 79 74 29 | 27 8.5 13| 10 34

85 127 154 75 63 29| 28 8.2 14 9.5 32
80 126 140 69 60 28 | 28 8.2 16 8.0 27
78 138 132 73 60 271 27 8.2 17 8.0 24
83 164 134 85 261 30 8.2 18 8.5 20
89 192 150 78 58 26| 33 9.7 20 8.5 29
102 235 146 69 52 20| 31 12 20| 12 26
100 242 405 61 49 25 28 14 20 15
108 248 639 56 43 241 25 16 22| 21 11
108 265 561 54 41 23 22 19 241 10 151
100 195 468 54 37 221 19 21 25 | 10 45
102 . 182 402 50 34 21| 17 25 26 9.5 16
95 170 355 56 33 21 | 14 29 27 9.5 12
90 164 342 70 31 20 12 28 28 9.5 10
86 252 325 62 31 20| 12 24 29 9.5 10
108 295 295 47 31 21l n 24 291 10 9.0
112 305 265 29 33 22 9.4 | 22 28| 10 9.0
101 218 260 21 33 23 9.2 22 25| 10 9.5
110 205 278 21 34 24 9.4 23 23 9.5 9.5
110 157 265 21 35 27 8.81 29 221 10 10
108 148 230 {....... 36 6.2 30 21 11 9.5
108 205 240 [....... 37 22 4.21 29 22| 1t 10
....... 215 202 {..-.... 38 |eviend| 8.9 ....... 26| 4 |.......

Note.—No gage-height record Oct. 20, 22-26, and 29; Nov. 4-8; Mar. 26-30; Apr. 10-13, 15-20, 22,24, and
26; May 2; Aug. 4-8. Discharge determined as follows: Oct. 1-26, Jan. 6 to Mar. 4, %pr. 10 to May 11,and
Aug. 9 to Sept. 30 directly from rating tables; Oct. 27 to Jan. 5, Mar. 5 to Apr. 9, and May 12 to Aug. 8 b
indirect method for shifting control. For days of no gage-height record, discharge estimated from observer’s

notes, engineer’s record, and dischagge of Pecos River above Barstow. Record from May 12 to Aug. 3
greatly afected by backwater from

immerman dam.

Monthly discharge of Pecos River near Grandfolls, Tex., for the year ending Sept. 30, 1917.

Discharge in second-feet.
Run-off
Month. {total in
Maximum.| Minimum. | Mean. acre-feet).
1,420 27 234 14,400
2 78 111 6,
338 126 213 13,100
705 132 309 19,000
180 21 68.3 3,790
74 41.9 s
50 20 28.4 1,690
33 3.9 19.3 1,190
30 4.4 15.8 940
29 1 20.4 1,250
29 8.0 14.0 861
151 9.0 24.9 1,480
1,420 3.9 92.3 66,900
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PECOS RIVER NEAR COMSTOCK, TEX.

Locarron.—At Pecos high bridge of Galveston, Harrisburg & San Antonio Railway
Co., 11 miles west of Comstock, Val Verde County, 18 miles east of Langtry, 14
miles by stream above confluence with Rio Grande, and below all tributaries.

DrAINAGE AREA.—Not measured.

Rrecorps AvamABLE.—May 1, 1900, to September 30, 1917. (Also gage heights for
1898.)

GacE.—Vertical staff attached to the downstream side of bridge pier on left bank,
read by W. A. Clare.

DISCHARGE MEASUREMENTS.—Made from cable 1,000 feet above bridge.

CHANNEL AND CONTROL.—Banks and stream bed composed of rock and gravel; water
flows through a series of rapids and pools in a canyon approximately 300 feet deep;
banks not subject to overflow. Stage-discharge relation at the lower stages
changes slightly.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.65 feet at 8 a. m.
May 12 (discharge, 1,590 second-feet); minimum stage, 0.01 foot several days in
August (discharge, 145 second-feet).

1900-1917: Maximum stage recorded, 35.75 feet April 6, 1900 (discharge not
determined); minimum discharge recorded, 110 second-feet May 13, 14, 1904
(gage height 0.5 foot).

Ice.—None reported during year.

Diversions.—Considerable water is diverted and stored above the station for irriga-
tion. Lake McMillan and Lake Avalon of the Carlsbad project of the United
States Reclamation Service, with a combined capacity of 58,500 acre-feet, are on
Pecos River a few miles above Carlsbad, N. Mex. In addition to the water stored
in New Mexico, water from Pecos River is used to irrigate large areas of land in
the vicinity of Barstow and Grandfalls, Tex. There are no diversions below the
station. Return waters tend to equalize effects of diversions in lower part of
drainage basin. ’

RecunaTioNn.—Yearly run-off at this point controlled by storage and diversions for
irrigation above station. No water-power plants of any consequence operated in
the drainage basin, except a public utility plant of about 300 horsepower, near
Carlsbad, N. Mex.

Accuracy.—Stage-discharge relation subject to changes. Rating curve well defined
between 100 and 4,000 second-feet. Gage read to hundredths twice daily; mean
of two readings may not be a true index of mean daily discharge. Daily discharge
agcertained by applying mean daily gage height to rating table as indicated in
footnote to table of daily discharge. Records good.

Discharge measurements of Pecos River near Comstock, Tex., during the year ending
Sept. 30, 1917.

Date. Made by— hgi e ch]:)arisée. Date. Made by— noss Y3 ch]g,irZe.
May 22
July 5
20

Sept. 25




Daily discharge, in second-feet, of Pecos River near Comstock, Tex.,
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Jor the year ending

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
510 495 397 460 460 320 235 202 190 200 168 150
485 | 490t 374 | 415]| 438| 312| 235] 202] 185| 200 162 150
460 661 374 460 460 316 229 205 185 200 162 150
415 661 366 415 460 280 229 200 180 192 162 150
402 739 366 460 451 271 235 200 180 188 162 148
433 752 374 460 451 265 229 200 180 185 168 152
410 | 510| 456| 460| 415) 25| 220 192| 182| 180| 168 150
420 430 460 451 370 250 220.1 198 185 172 168 150
362 460 460 451 350 250 211 192 185 172 165 148
323 424 438 446 241 205 195 182 172 168 148
842 | 415 415| 485 22| 195| 180] 172| 162 148
309 402 392 430 217 | 1,100 180 170 162 150
320 424 392 475 229 259 175 168 158 148
326 | 424 | 415| 470 220 309 170 168| 152 148
346 415 410 460 220 235 175 168 145 148

388 | 460 2201 232] 172] 160| 145 148
388 438 220 170 155 145 148
388 424 226 217 162 155 145 148
420 | 415 23| 205| 160] 155 145 148
446 424 235 205 158 158 148 148
456 | 480 20| 202| 155] 162 145 150
505 480 205 200 155 170 145 150
500 480 205 200 155 198 145 268
495 505 220 200 155 190 148 195
490 521 220 205 302 182 145 195
460 521 220 200 182 168 145 195
442 470 223 200 180 162 145 292
428 | 510 220 192 217| 162| 145 182
470 | 460 2051 180| 208| 162 152 170
470 456 205 192 195 162 148 158
465 510 |.......] 235 )....... 185 |....... 168 148 }.......

Nore.—Discharge determined as follows: Oct. 1-3, Jan. 1 to June 24 directly from rating table; Oct. 4 to

Dec. 31, June 25 to Sept. 30 b;

y indirect method for shifting control.

Monihly discharge of Pecos River near Comstock, Tex., for the year ending Sept. 30, 1917.

Discharge in second-feet.
’ Run-off
Month. (total in
Maximum.| Minimum.| Mean, | 2cre-feet).
1,030 309 485 29, 800
752 362 458 27,300
505 366 429 26,400
521 415 465 28,600
460 250 337 18,700
320 229 256 15,700
262 205 223 , 300
1,100 180 236 14, 500
302 155 181 10, 800
200 155 173 10, 600
168 145 134 9,470
292 148 164 9,760
1,100 M5 297 215,000
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Days of deficiency in discharge of Pecos River near Comstock, Tex., for the years ending
Sept. 30, 1901-1917.

Days of defieient diseharge.
Discharge|
in second-|

foet. | 1900~ | 1001-2 | 1902-3 | 10034 | 1004-5 | 1905-6 | 19067 | 1907-8 | 1908-9

SEpp sape o

38288

Days of deficient discharge.
Discharge
insecond-| -

feet. 1909-10 | 1910-11 | 1011-12 | 1912-13 | 1913-14 | 1014-15 | 1915-16 | 1916-17

100
150
200
250
300
350
400
450

600
700

SRR

§8883883582885888888

'S IR

STV

S

K&
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MISCELLANEOUS MEASUREMENTS.
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Miscellaneous discharge measurements in Texas during the year ending September 30, 1917.

Date. Stroam. Tributary to— Location, ey
Sec.-ft.

Feb. 21 | Colorado River . Gulf of Mexico 200 feet below Austindam,Tex..[ 236
Aug. 22 |..... do...... .. 53.4
4 |..... do... 45.3
28 |..... do. 39.2
31 |..... do........ . do 54.1
May 25 | Pecan Bayou..ee-cee---. 13 miles northeast of Brown- 51.3

WO eX.

July 4 | Howard Creek.......... Ozona, K .0
Live Oak Creek. ......... Sh,l?ﬂield~0zona road crossing, a5.0
4 | McKenzie Creek.........[..... do.... ool Sheffield-Fort Stockton road a4.0

crossing, Tex.

o Estimated.
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STREAM-GAGING STATIONS AND PUBLICATIONS
RELATING TO WATER RESOURCES.

INTRODUCTION.

Investigation of water resources by the United 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 waters, 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, professional papers, annual reports, and
monographs.

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

Part I. North Atlantic basins.
I1. South Atlantic and esatern Gulf of Mexico basins.
ITI. Ohio River basin.
IV. St. Lawrence River basin.
V. Upper Mississippi River and Hudson Bay basins.
V1. Missouri River bagin.
VII. Lower Mississippi River basin.
VIII. Western Gulf of Mexico bagins.
IX. Colorado River basin.
X. Great basin.
X1I. Pacific basins in California.

XTII. North Pacific slope basins, in three volumes:

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.

HOW GOVERNMENT REPORTS MAY BE OBTAINED OR CONSULTED.

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 Printing Office, Washington, D. C.,

who will furnish lists giving prices.
ur
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3. Sets of the reports may be consulted in the libraries of the
principal 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.

Atlanta, Ga., Post Office Building.

Madison, Wis., ¢/, Railroad Commission of Wisconsin.
Topeka, Kans., 25 Federal Building.

Austin, Tex., Capitol Building.

Helena, Mont., Montana National Bank Building.
Denver, Colo., 403 New Post Office Building.
Salt Lake City, Utah, 421 Federal Building.
Boise, Idaho, 615 Idaho Building.

Tucson, Ariz., University of Arizona.

Portland, Oreg., 606 Post Office Building.
Tacoma, Wash., 406 Federal Building.

San Francisco, Cal., 328 Customhouse.

Los Angeles, Cal., 619 Federal Building.
Honolulu, Hawaii, 14 Capitol Building.

A list of the Geological Survey’s publications may be obtained by

applying to the Director of the United States Geological Survey,

Washington, D. C.
STREAM-FLOW REPORTS.

Stream-flow records have been obtained at more than 4,240 points
in the United States, and the data obtained have been published in
the reports tabulated below:

Stream-flow data in reports of the United States Geological Survey.
[A=Annual Report; B=xBulletin; W=Water-Supply Paper.]

Report. Character of data. Year.
10th A, pt. 2...... .| Deseriptive information only N
11th A pt. 2.. Monthly discharge and deseriptive information... . 18i1§§ 9&;0 Sept.,
12th A, pt. 2........... P (s PSPPSR SN lelsggtlo June 30,
13th A, pt.3........... Mean discharge in second-feet..... Py 18% 91:20 Dec. 31,
14th A, pt. 2........... Monthly discharge (long-time records, 1871 to 1893)............. 18!153 QIBO Dec. 31,
B13l........ Description, measurements, gage heights, and ratings... ..] 1893 and 1894.
16th A, pt. 2 Descriptive information only....... ereenns PR,
B 140..... Descngions measurements, gage heights, ratings, and monthly | 1895.
discharge (also many data covering qar[ier years).
Wiloooooooiiiiiiiiia, Gage heights (also gage heights for earlier years)....... deeenean 1896.
18th A,pt. 4........... Descriptions, measurements, ratings, and monthly discharge | 1895 and 18096,
(also similar data for some earlier years). .
A\ L A Descriptions, measurements, and gage heights, eastern United | 1897.
States, eastern Mississippi River, and Missouri River above
junction with Kansas. .
R/ Descriptions, measurements, and gage heights, western Missis- | 1897.
sippl River below junction of Missouri and f’latte, and west-
ern United States. .
19th A, pt.4........... Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some 'long-time records). .
Wole i Measurements, ratings, and gage heights, eastern United States, | 1898.
eastern Mississippi River, and Missouri River. A
W28t iiiiiainns Measurements, ratings, and gage heights, Arkansas River and | 1898,
western United States.
20th A, pt. 4eeennnnnn.. Monthly discharge (also for many earlier years)................. 1898,

W 35803%carccennenn.. Descriptions, measurements, gage heights, and ratings.......... 1899.
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Stream-flow data tn reporis of the United States Geological Survey—Continued.

Report. Character of data. Year.

21st A, pt.4............ Monthly AISChATES - euoeveeeeciemncrieneenrennernennaannnns 1899.
W471t0 52............. Descrintions, measurements, gage heights, and ratings......... 1900.
224 A, pt. 4 7| MODEhLY AISOBATEE - - - oo oo oomoeeoseeeeeeeee ....| 1900.
‘W 65, 66.. .| Descriptions, measurements, gage heights, and ratings ....| 1901,
Wi75....... .| Monthly dlscharge .................................... ....} 1901,
‘W 82 10 85. . Complete data ... 1902,
W 97 to 100 ..do. 1903.
W .
W
W
w
W
w
w
W
w
w
w

. w
w

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

The records at most of the stations discussed in these reports
extend over a series of years, 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 table below gives, by years and drainage basins, the num-
bers of the papers on surface-water supply published from 1899 to
1917. 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 1917, are published in Water-Supply Papers 97, 124, 165,
201, 241, 261, 281, 301, 321, 351, 381, 401, 431, and 451, which con-
tain records for the New England streams from 1903 to 1917. Re-
sults of miscellaneous measurements are published by drainage
basins.

In these papers and in the following lists the stations are arranged
in downstream order. The main stem of any river is determined
by measuring or estimating its drainage area—that is, the headwater
stream having the largest drainage area is considered the continua-
tion of the main stream, and local changes in name and lake surface
are disregarded. All stations from the source to the mouth of the
main stem of the river are presented first, and the tributaries in
regular order from source to mouth follow, the streams in each
tributary basin being listed before those of the next basin below.

In exception to this rule the records for Mississippi River are
given in four parts, as indicated on page iii, and the records for
- large lakes are taken up in order of streams around the rim of the
lake.
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Parr VIII. WESTERN GULF OF MEXICO DRAINAGE
BASINS.

PRINCIPAL STREAMS.

The western Gulf of Mexico drainage basins include all streams
draining into the Gulf of Mexico west of the mouth of the Missis-
sippi and into the Rio Grande. The largest streams flowing into the
Gulf of Mexico north of the mouth of the Rio Grande are Sabine,
Trinity, and Brazos rivers, Colorado River of Texas, and Guadalupe
River. The principal tributaries of the Rio Grande are Chama
River, Rio Puerco, and Pecos River in the United States and Rio
Salado and Rio San Juan in Mexico. The streams drain wholly or
in part the States of Colorado, Louisiana, New Mexico, Texas, and
northern States of Mexico.

In addition to the list of gaging stations and annotated list of pub-
lications relating specifically to the section, these pages contain a
similar list of reports that are of general interest in many sections .
and cover a wide range of hydrologic subjects, and also brief refer-
ences to reports published by State and other organizations. (See
p. Xviii.)

GAGING STATIONS.
Note.—Dash after a date indicates that station was being maintained September 30, 1917; period after
a date indicates discontinuance. Tributaries are indicated by indention.
SABINE RIVER BASIN.

Sabine River near Longview, Tex., 1904-1906.
Sabine River at Loganport, La.., 1903-1906.
Neches River at Evadale, Tex., 1904-1906.

TRINITY RIVER BASIN.

West fork of Trinity River at Bridgeport, Tex., 1915-
Trinity River at Dallas, Tex., 1898-99; 1903-1906.
Trinity River at Riverside, Tex., 1903-1906.

BRAZOS RIVER BASIN.

Brazos River near Graham, Tex., 1915-
Brazos River at Brazos, Tex., 1914- .
Brazos River at Waco, Tex., 1898-1911; 1914—
Brazos River near Lewis (Hearne), Tex., 1898-99.
Brazos River at Richmond, Tex., 1903-1906.
Clear Fork of Brazos River near Eliasville, Tex., 1915—
Little River at Cameron, Tex., 1917-

COLORADO RIVER (OF TEXAS) BASIN.

Colorado River near Bronte, Tex., 1915
Colorado River at Ballinger, Tex., 1915-
Colorado River near Chadwick, Tex., 1915~

93838°—19—wsp 458—8 Vi
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Colorado River at Marble Falls, Tex., 1916—
Colorado River at Austin, Tex., 1895-1911; 1914~
Evaporation near Austin, Tex., 1916~
Colorado River at Columbus, Tex., 1903-1911; 1916~
Colorado River at Wharton, Tex., 1916—
North Concho River at San Angelo, Tex., 1915~
Concho River near San Angelo, Tex., 1915~
Concho River near Paint Rock, Tex., 1915
Pecan Bayou at Brownwood, Tex., 1917—
San Saba River at Menard, Tex., 1915~
San Saba River near San Saba, Tex., 1905-6; 1915
North Llano River near Junction, Tex., 1915
Llano River near Junction, Tex., 1915~
Barton Creek at Austin, Tex., 1917~

GUADALUPE RIVER BASIN.

Guadalupe River near New Braunfels, Tex., 1898-99; 1915~
Guadalupe River near Gonzales, Tex., 1915-
Guadalupe River near Cuero, Tex., 1903-1906; 1915-16.
Guadalupe River below Cuero, Tex., 1916—

San Marcos River at San Marcos, Tex., 1915—

San Marcos River at Ottine, Tex., 1915-

SAN ANTONIO RIVER BASIN.

San Antonio River at San Antonio, ’I"ex., 1915~
San Pedro Creek at San Antonio, Tex., 1916-

NUECES RIVER BASIN.

Nueces River near Cinonia, Tex., 1915
Nueces River near Cotulla, Tex., 1915~
Nueces River near Three Rivers, Tex., 1915
Nueces River at Calallen, Tex., 1915~

Frio River near Derby, Tex., 1915-

Frio River at Fowlerton, Tex., 1915-

Frio River at Three Rivers, Tex., 1915.

Frio Lake outlet near Fowlerton, Tex., 1915-

RIO GRANDE BASIN.

Rio Grande at Thirtymile Bridge near Creede, Colo., 1909-1913.
Rio Grande near Creede (Wason), Colo., 1907-1913.

Rio Grande near Del Norte, Colo., 1889-1906; 1908-1913.

Rio Grande near Alamosa, Colo., 1894-95; 1903; 1912-13.

Rio Grande near Lobatos (Cenicero), Colo., 1899-1913.

Rio Grande at Embudo, N. Mex., 1899—1903 1912-16.

Rio Grande near Buckman, N. Mex (Rio Grande near Ildefonso), 1895-1905; 1909—1914
Rio Grande near San Marcial, N. Mex., 1895~

Rio Grande below Elephant Butte dam N. Mex., 1916-

Rio Grande near El Paso, Tex., 1889-1893; 1895-1915.

Rio Grande near Fort Hancock, Tex., 1900-1903.

Rio Grande above Presidio, Tex., 1900-1914.

Rio Grande below Presido, Tex., 1900-1915.

Rio Grande near Langtry, Tex., 1900-1914.

Rio Grande near Devils River, Tex., 1900-1915.
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Rio Grande at Eagle Pass, Tex., 1900-1916.
Rio Grande near Laredo, Tex., 1900-1914.
Rio Grande near Roma, Tex., 1900-1914.
Rio Grande near Brownsville, Tex., 1900-1914.
Clear Creek near Creede, Colo., 1910.
South Fork of Rio Grande at South Fork, Colo., 1910-1913,
San Luis Creek at Villa Grove, Colo., 1911-12.
San Luis Creek near Villa Grove, Colo., 1910.
Kerber Creek near Villa Grove, Colo., 1911-12.
Saguache Creek near Saguache, Colo., 1910-1913.
Rio Alamosa near Monte Vista, Colo., 1911-12.
Rio Alamdsa near La Jara, Colo., 1909-1912,
Conejos River near Mogote, Colo., 1899-1900; 1903-1913.
Rio San Antonio near Ortiz, Colo., 1911.
Culebra River at San Luis, Colo., 1910-11.
Costilla Creek near mouth, N. Mex., 1912,
Rio Colorado above Questa, N. Mex., 1910-11.
Rio Colorado near Questa, N. Mex., 1912-1915.
Rio Colorado below Questa, N. Mex., 1910-1915.
Rio Hondo near Arroyo Hondo, N. Mex., 1910-1915.
Rio Pueblo de Tags near Taos, N. Mex., 1910-1916.
Rio Taos at Los Cordovas, N. Mex., 1910-1915.
Rio Lucero near Taos, N. Mex., 1910-1916.
Rio Fernando de Taos near Taos, N. Mex., 1910; 1912-1915.
Chama River at Chama, N. Mex., 1912-1914.
Chama River near Chama, N. Mex., 1914-1917.
Chama River at Park View, N. Mex., 1912-191¢.
Chama River near El Vado [Tierra Amarilla], N. Mex., 1913-1917.
Chama River at Abiquiu, N. Mex., 1895-1897.
Chama River near Chamita, N. Mex., 1912-1915.
Brazos River near Brazos, N. Mex., 1913-1917.
Brazos River at Brazos, N. Mex., 1912-13.
: Little Brazos River near Brazos, N. Mex., 1914,
Nutritus Creek near El Vado [Tierra Amarilla], N. Mex., 1914.
Nutrias Creek near Cebolla, N. Mex., 1914.
.Horn River near Canjilon, N. Mex., 1911-1914.
Rio Vallecitos at Vallecitos, N. Mex., 1911-1914.
Santa Fe Creek at Monument Rock, near Santa Fe, N. Mex., 1910-11.
Santa Fe Creek above reservoir, near Santa Fe, N. Mex., 1910; 1913-14.
Santa Fe Creek at Santa Fe, N. Mex., 1907-1911.
Santa Fe Water & Light Co. ditch near Santa Fe, N. Mex., 1910.
Arroyo Hondo near Santa Fe, N. Mex., 1913-14.
Rio Puerco at Rio Puerco, N. Mex., 1910-1914.
Rio Puerco near La Joya, N. Mex., 1910-1914.
Bluewater Creek (head of San Jose River) near Bluewater, N. Mex., 1912-1914,
Bluewater Creek at Grants, N. Mex., 1912-1914.
San Jose River near Suwanee, N. Mex., 1910-1914.
Pecos River near Cowles, N. Mex., 1910-1914.
Pecos River near Anton Chico, N. Mex., 1910-1914.
Pecos River at Santo Rosa, N. Mex., 1903-1906; 1910-11; 1912-1914.
Pecos River near Guadalupe, N. Mex., 1912-1914.
Pecos River near Fort Sumner, N. Mex., 1904-1910; 1912-13.
Pecos River near Roswell, N. Mex., 1903-1906.
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Rio Grande tributaries—Continued.
Pecos River near Dayton, N. Mex., 1905~
Lake McMillan at Lakewood, N. Mex., 1906-7.
Pecos River near Lakewood, N. Mex., 1906-1911.
Pecos River at Avalon, N. Mex., 1906-7.
Pecos River at Carlsbad, N. Mex., 1903-1908; 1914~
Evaporation near Carlsbad, N. Mex., 1916-
Pecos River near Angeles Tex., 1914
Pecos River above Barstow, Tex., 1916—
Pecos River near Pecos, Tex., 1898-1907.
Pecos River near Barstow, Tex., 1914-15.
Pecos River near Grand Falls, Tex., 1915—
Pecos River near Comstock [Moorhead], Tex., 1898; 1900
Gallinas River near Las Vegas, N. Mex., 1903-1912; 1912-1914.
South Fork of Gallinas River near El Porvenir, N. Mex., 1911-1914.
Hondo River at Hondo reservoir, N. Mex., 1903-1906.
Hondo River at Roswell, N. Mex., 1903-1906.
Rio Ruidoso, N. Mex., 1911.
Rio Ruidoso near Glencoe, N. Mex., 1910-1911.
Taylor-Moore ditch near Roswell, N. Mex., 1905.
Hondo reservoir inlet near Roswell, N. Mex., 1906-1908.
Hondo reservoir scour gate near Hondo reservoir, N. Mex., 1906.
Penasco River at Elk, N. Mex., 1900-1911.
Penasco River at Cleve’s ranch, near Elk, N. Mex., 1911.
Penasco River near Dayton, N. Mex., 1905-1908.
Black River near Malaga, N. Mex., 1914-15.
Delaware River near Malaga, N. Mex., 1912-13.
Delaware River near Angeles, Tex., 1914-15.
Margueretta flume near Pecos, Tex., 1898; 1900-1907.
West Valley ditch near Pecos, Tex., 1904.
Devils River at Devils River, Tex., 1900-1914.
Rio Salado near Guerrero, Tamaulipas, Mexico, 1900-1913.
Rio San Juan at La Quemada, Tamaulipas, Mexico, 1900-1902.
Rio San Juan near Santa Rosalia ranch, Tamaulipas, Mexico, 1902-1914.

INTERIOR BASINS IN NEW MEXICO.
Mimbres River basin:
Mimbres River near Faywood, N. Mex., 1908-1914.
Lampbright Draw near Santa Rita, N. Mex., 1912-1914.
Whitewater Creek near Hurley, N. Mex., 1913-14.
Cameron Creek at Fort Bayard, N. Mex., 1907-1911; 1912-13.
Cameron Creek near Hurley, N. Mex., 1913-14.
Stevens Creek near Fort Bayard, N. Mex., 1907-1911; 1912-1914.
Rio de Arena near Hurley, N. Mex., 1913-14.
Rio Tularosa basin:
Rio Tularosa at Mescalero, N. Mex., 1910-11.
Rio Tularosa near Bent, N. Mex., 1911.
Rio Tularosa near Tularosa, N. Mex., 1912-1914.
Rio La Luz basin:
Rio La Luz near La Luz, N. Mex., 1911-12.
Rio La Luz at La Luz, N. Mex., 1910-1913.
Rio Fresnal near Mountain Park, N. Mex., 1911-12.
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REPORTS ON WATER RESOURCES OF THE WESTERN GULF STATES.
PUBLICATIONS OF UNITED STATES GEOLOGICAL SURVEY.

WATER-SUPPLY PAPERS.

Water-supply papers are distributed free by the Geological Survey as long asitsstock lasts. Anasterisk (¥)
indicates that this stock has been exhausted. Many of the papers marked in this way may, however,
bepurchased (at price noted) from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D.C. Omission
of the price indicates that the report is not obtainable from Government sources. Water-supply papers
are of octavo size.

*10. Irrigation in Mesilla Valley, N. Mex., by F. C. Barker. 1898. 51 pp., 11 pls.
10c.

Describes primitive methods of irrigation and agriculture employed in an area lying along
both sides of the Rio Grande, extending from Fort Seldon, N. Mex., on the north, to within
3 miles of El Paso on the south. Chiefly of historie interest.

*13. Irrigation systems in Texas, by W. F. Hutson. 1898. 68 pp., 10 pls.

Discusses climate, rainfall, irrigation works and profects in Texas; considers use of both surface
and underground waters.

*40. The Austin dam, by T. U. Taylor. 1900. 52 pp., 16 pls. 15c.

Describes preliminary projects, constructiou, economic aspect, and failure of the dam across
Colorado River.

*57. Preliminary list of deep borings in the United States, Part I (Alabama-Montana),
by N. H. Darton. 1902. 60 pp. (See No. 149.) 5c.

*61. Preliminary list of deep borings in the United States, Part IT (Nebraska-Wyo-
ming), by N. H. Darton. 1902. 67 pp. 5c.

Nos. 57 and 61 contain information as to depth, diameter, yield, and head of water in borings
more than 400 feet deep; under head ‘“Remarks” gives information concerning temperature,
quality of water, purposes of boring, etc. The lists are arranged by States, and the States are
arranged alphabetically. A second, revised, edition was published in 1905 as Water-Supply
Paper 149 (q. v.). 5c.

71. Irrigation systems of Texas, by T. U. Taylor. 1902. 137 pp., 9 pls. 10c.

Discusses prineipal irrigation systems in geographic order and gives statisties as to the loca-
tion, cost, and benefits of the devices for obtaining water; describes rice irrigation systems, and
appends a brief statement of laws governing irrigation in the State.

74. Water resources of the State of Colorado, by A. L. Fellows. 1902." 151 pp.,
14 pls. 25c.
Discusses drainage and irrigation and gives records of stream flow.

93. Proceedings of first conference of engineers of the Reclamation Service, with
accompanying papers, compiled by F. H. Newell, chief engineer. 1904,
361 pp. 25c. [Inquiries concerning this report should be addressed to the
Reclamation Service.]
Contains “Investigations in Pecos Valley,” by W. M. Reed.

101. Underground waters of southern Louisiana, by G. D. Harris, with discussions of
their uses for water supplies and for rice irrigation, by M. L. Fuller. 1904.
98 pp., 11 pls. 20c.

Discusses the topography and stratigraphic geology of the area and the origin of the well
waters, gives statistics of artesian wells, deseribes methods of well drilling and pumping, and
treats briefly of rice cultivation.

*103. A review of the laws forbidding pollution of inland waters in the United States,
by E. B. Goodell. 1904. 120 pp. [Superseded by No. 1562, q. v.]

Cites statutory restrictions of water pollution.
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105. The water powers of Texas, by T. U. Taylor. 1904. 116 pp., 17 pls. 15c.

Gives arésumsé of the available data regarding water powers and briefly describes the principal
streams.

114. Underground waters of eastern United States, by M. L. Fuller, geologist in
charge. 1905. 285 pp., 18 pls. 25c.

Contains brief report on Louisiana and southern Arkansas; discusses the geologic formation
as related to water supply; gives a list of the prineipal publications.

*122. Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp. 5c.
Cites legislative acts relating to ground waters in Colorado and New Mexico.

140. Field measurements of the rate of movement of underground waters, by C. S.
Slichter. 1905. 122 pp., 15 pls. 15c.

Contains a chapter giving results of tests of typical pumping plants in the Rio Grande valley
in Texas and New Mexico.

141, Observation on the ground waters of the Rio Grande valley, by C. S.
Slichter. 1905. 83 pp., 5 pls. bc.
Describes investigation of the underflow in the valley of the Rio Grande in Texas and New
Mexico, gives details of tests of pumping plants near El Paso, Tex.,in Mesilla Valley, N. Mex.
and near Berino, N. Mex., and analyses of well waters and data concerning wells at and near
El Paso.

147. Destructive floods in the United States in 1904, by E. C. Murphy and others.
1905. 206 pp., 18 pls. 15c. Contains:
Pecos River basin flood, New Mexico, from report of Frank S. Dobson.
Failures of Lake Avalon dam near Carlsbad, N. Mex., by E. C. Murphy.
Rio Grande floods, New Mexico, by E. C. Murphy.

149. Prehm.ma,ry list of deep borings in the United States, second edition, with addi-
tions, by N. H. Darton. 1905. 175 pp. 10c.

Gives, by States (and within the States by counties), location, depth, diameter, yield, height
of water, and other available information, eoncerning wells 400 feet or more in depth; includes
all wellslisted in Water-Supply Papers 57 to 61; mentions also principal publications relating
to deep borings.

152, A review of the laws forbidding pollution of inland waters in the United States
(second edition), by E. B. Goodell. 1905. 149 pp. 10c.
Citesstatutory restrictions of water pollution in Colorado, Louisiana,New Mexico,and Texas.

158. Preliminary report on the geology and underground waters of the Roswell arte-
sian area, New Mexico, by C. A. Fisher. 1906. 29 pp., 9 pls. 15c.
Discusses topography and geology of belt lying along Pecos River from Roswell to Lake
McMillan; discusses area and extent of artesian basins, source, amount, pressure, quality
(with analyses), and waste of artesian waters, and irrigation; lists typical wells and gives well
records.

*162. Destructive floods in the United States in 1905, with a discussion of flood dis-
charge and frequency and an index to flood literature, by E. C. Murphy
and others. 1906. 105 pp., 4 pls. 15c.

Gives accounts of flood on Pecos and Hondo rivers and the Rio Grande, and estimates

flood frequency and discharge for Rio Grande at San Marcial, N. Mex., and Colorado River
(of Texas) at Austin; contains also index to literature on floods in American streams.

¥188. Water resources of the Rio Grande valley in New Mexico, and their develop-
ment, by W. T. Lee. 1907. 59 pp., 10 pls. 20c.

Describes the physical features of the valley, rock formation and structure, the Engle, San
Acacl, San Felipe, and Espanola reservoir sites, surface and underground waters by districts,
the origin, course, and quantity of the underflow, the chemical character of the water in the
Mesilla and other districts, and the utilization of the underflow by wells and seepage ditches.
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+190. Underground waters of Coastal Plain of Texas, by Thomas U. Taylor. 1907.
73 pp., 3 pls. 15c.

Describes topography, drainage, and geology, and discusses the underground waters by
counties; gives many well records and analyses.

236. The quality of surface waters in the United States: Part I.—Analyses of waters
east of the one hundredth meridian, by R. B. Dole. 1909. 123 pp. 10c.

Describes collection of samples, methods of examination, preparation of solutions, accuracy
of estimates, and expression of analytical results; gives results of analyses.of waters of Brazos
and Colorado (of Texas) rivers and the Rio Grande.

*240. Geology and water resources of the San Luis Valley, Colorado, by C. E. Sie-
benthal. 1910. 128 pp., 13 pls. 25c.

Describes the topography, drainage, climate, geologic features, flowing and nonflowing wells,
springs, the grouping of wells, and variations in flow and temperature, and the quality (with
analyses) and uses of the water; discusses briefly well-drilling methods and costs, and approxi-
mate measurements of flows.

#260. Preliminary report on the ground waters of Estancia Valley, New Mexico, by
0. E. Meinzer. 1910. 33 pp. 5c. (See Water-Supply Paper 275.)
Discusses briefly the geographic relation and industrial development, geology, and soils
discusses the source, disposal, recovery, quality, and utilization of the ground waters, cost of
pumping, windmills, value of crops, and the alkali problem.

274, Some stream waters of the western United States, with chapters on sediment
carried by the Rio Grande and the industrial application of water analyses,
by Herman Stabler. 1911. 188 pp. 15c.

Describes collection of samples, plan of analytical work, and methods of analysis; discusses
soap-consuming power of waters, water softening, boiling waters, and water for irrigation; gives
results of analyses of water of the Rio Grande and of Pecos, Gallinas, and Hondo rivers. ’

275. Geology and water resources of Estancia Valley, New Mexico, with notes on
ground-water conditions in adjacent parts of central New Mexico, by O. E.
Meinzer. 1911. 89 pp., 14 pls. 20c.

Describes physiographic features and geologic formations, soils and climate; discusses the
source and disposal of the water supply, the head of the water supply, artesian conditions, yield
of wells and quantity of water available, the quality of the water (dissolved solids, chlorine,
sulphates, carbonates, and bicarbonates), the storage of storm water, the present and future
use of ground water for irrigation, proper types of wells, windmills, cost of pumping, value of
crops; and the alkali problem; tables give depthstowater andfield assays. Contains also briefs
reports on physiography, geology, soil, ground water, and irrigation in Encino and Pinos Wells
basins.

*317. Geology and underground waters of the Wichita region, north-central Texas,
by C. H. Gordon. 1913. 88 pp., 2 pls. 10c.
Describes the physiography, climate, surface, and deep waters of an area in Montague, Clay

Wichita, Wilbarger, Hardeman, Foard, Knox, Baylor, Archer, Jack, Young, Throckmorton,
and Haskell counties; gives details by counties.

*335. Geology and underground waters of the southeastern part of the Texas Coastal
Plain, by Alexander Deussen. 1914. 365 pp., 9 pls. 55c.

Describes an area lying east of Brazos River and south of a line extending east and west
through Jefferson, in Marion County; discusses the underground-water horizons of the region
and the artesian conditions and prospects in the several counties; gives well sectionsand tabu-
lated details of the wells.

343. Geology and water resources of Tularosa Basin, New Mexico, by O. E. Meinzer
and R. F. Hare. 1915. 317pp., 19 pls. 40c.

Describes a closed basin lying between the Pecos and the Rio Grande; gives an account of
the climate, history of previous investigations and literature, and industrial development; dis-
cusses the physiography and drainage,rocks, sources of the underground water, yield of wells,
and quality of the waters in the various formations; suggests methods of drilling, boring,
digging, casing, and finishing wells; discusses also soil and native vegetation in relation to water
supply, irrigation from streams, springs, flood waters, and wells, and railroad and public water
supplies; gives detailed information in regard to watering places on routes of travel.
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*345. Contributions to the hydrology of the United States. 1914, N. C. Grover,
chief hydraulic engineer. 1915. 225 pp., 17 pls. 30c. Contains:

(¢) Underground water of Luna County, N. Mex., by N. H. Darton, with results of pump-
ing tests, by A. T. Schwennesen, pp. 25-40.

Describes briefly the extent and thickness of the water-bearing beds underlying the wide
bolsons of Luna County, the source and quality of the underground waters, the wells in the
region about Deming, Tola, Waterloo, Columbus, and Myndus in the Carne region, lower Mim-
bres Valley, the region west of Red Mountain, and other parts of the county; discusses the deple-
tion of supply by the pumping plants. The pumping tests were made at plants representing
average types.

358. Water resources of the Rio Grande basin, 1888-1913, by Robert Follansbee and
H. J. Dean, including surface water supply of the western Gulf of Mexico
basins, 1913, by Robert Follanshee, W. W, Follett, and G. A. Gray. 1915.
725 pp., 3 pls. 50c.

Describes the generalfeatures of the Rio Grande basinand the closed basinslying between the
Rio Grande and the Pecos, west of the Rio Grande, and in Mexico; discusses the distribution of
precipitation, forestation, and population. Contains ‘“not only all data concerning stream flow
in the Rio Grande basin collected by the Survey and cooperating parties, but also records fur-
nished by individuals connected with private interests.”” Most of the records have been taken
from publications of the Geological Survey, but original estimates have been revised wherelater
data have indicated errors.

364. Water analyses from the laboratory of the United States Geological Survey,
tabulated by F. W. Clarke, chief chemist. 1914. 40 pp. 5c.

Contains analyses of brines from Texas, spring waters from Colorado and New Mexico, water
from the Gulf of Mexico, and mine waters from Creede, Colo.

421. Profile surveys in 1915 along the Rio Grande, Pecos River, and Mora River,
New Mexico, prepared under the direction of W. H. Herron, acting chief
geographer. 1916, 11 pp.,11pls. 15c.

Gives results of surveys made to determine thelocation of undeveloped water power on some

oftheriversofthe United Statesthatareadapted to the development of power by low or medium
heads at 20 to 100 feet.

422. Ground water in Animas, Playas, Hachita, and San Luis basins, N. Mex., by
A. T. Schwennesen (in press).

Covers the southern part of Grant County. Describes the physiography and geology and the
ground-water conditions in each basin with respect to the occurrence, depth, quantity, quality,
artesian conditions, and irrigation prospects. Gives well data,analyses of water,and analyses
of the water soluble contents of the soil. Contains a map of the area showing depths to the
water table and other features.

425, Contributions to the hydrology of the United States, 1917; N. C. Grover, chief
hydraulic engineer. 1918.

Issued also in separate chapters. The following papers relate to ground water:

(@) Ground water in San Simon Valley, Ariz., by A. T. Schwennesen, with a chapter on
agriculture by R. H. Forbes (pp. 1-35, Pls. I-III). Describes the physiography and geology of
the valley, the upper water horizen, and the deeper artesian horizon ofthe San Simon and Bowie
areas, the ground water in the Rodeo and Artesia valleys, and the irrigation supplies from flow-
ing and nonflowing wells; contains 39 analyses of well and spring waters, numerous records of
deep wells and maps showing areas of artesian flow, depth to water table, and lands irrigated
with well water; also includes a chapter by R. H. Forbes on soil, vegetation, and agricultural
prospects.
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ANNUAL REPORTS.

Each of the papers contained in the annual reports was also issued in separate form.

Annual reports are distributed free by the Geological Survey as long as its stock lasts. An asterisk (¥)
indicates that this stock has been exhausted. Many of the papers so marked, however, may be pur-
chased from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C.

*Tenth Annual Report of the United States Geological Survey, 188-89, J. W. Powell,
Director. 1890. 2 parts. *Pt. IT, Trrigation, viii, 123 pp. 35c.

Makes a preliminary report on the organization and prosecution of the survey of the arid
lands for purpose of irrigation; includes an account of the methods of topographic and hydraulic
work, the segregation work on reservoir sites and irrigable lands, field and office methods, and
brief descriptions of the topography of some of the river basins.

Eleventh Annual Report of the United States Geological Survey, 1889-90, J. W,
Powell, Director. 1891, 2 parts. Pt. II, Irrigation, xiv, 395 pp., 30 pls.
and maps. $1.25. Contains:

*Hydrography, pp. 1-110. Discusses scope of work, methods of stream measurement, rain-
fall and evaporation, and describes the more important streams; sediment in the Rio Grande,
pp. 55-57.

*Engineering, pp. 111-200. Defines the scope of the work and gives an account of the surveys
in the Sun River basin and in the Arkansas, Rio Grande, California, Lahontan, Utah, and
Snake River divisions.

*The arid lands, pp.201-289. Includes statement of the Director to the House Committee on
Irrigation, extracts from the constitutions of States relating to irrigation, and a report on arte-~
sian irrigation on the Great Plains, including a discussion of the general considerations affecting
artesian water supply, the economic limit to the utilization of artesian water for irrigation,
irrigation by artesian wells in various countries, and the geologic conditions and statistics of
artesian wells on the Great Plains.

*Topography, pp. 291-343. Comprises reports of the topographic surveys in California, Ne-
vada, Colorado, Idaho, Montana, and New Mexico, and a brief report on reservoir sites.

*Irrigation literature, pp. 345-388. Gives a list of books and pamphlets on irrigation and
allied subjects, mainly contained in the library of the United States Geological Survey.

Twelfth Annual Report of the United States Geological Survey, 1890-91, J. W,
Powell, Director. 1891. 2parts. Pt.II, Irrigation,xviii, 576 pp.,93 pls. $2.
Contains:

*Report upon thelocation and survey of reservoir sites during the fiscal year ending June 30,

- 30, 1891, by A. H. Thompson, pp. 1-212, pls. 54-57. Describes reservoir sites in Rio Arriba,
Taos, Santa Fe, Bernalillo, Mora, San Miguel, Valencia, Socorro, and Sierra counties, New
Mexico, and on tributaries of the Rio Grande; for each reservoir site gives the location, height
ofdam,areas inclosed by contour, approximate contents of reservoir, position ofirrigablelands,
and areas of segregated lands.

*Hydrography of the arid regions, by F. H. Newell, pp. 213-361, pls. 58-106. Discusses the
available water supply of the arid regions, the duty of water, flood waters, relation of rainfall
to the river flow; classifies the drainage basins; and describes the rivers of the Missouri, Arkansas,
Rio Grande, Colorado, Sacramento, and San Joaquin basins, and the principal streams of the
Great Basin in Nevada and Utah and the Snake River drainage.

Thirteenth Annual Report of the United States Geological Survey, 1891-92, J. W.
Powell, Director. 1892. (Pts. II and III, 1893.) 3 parts. *Pt. III,
Irrigation, xi, 486 pp., 77 pls. $1.85. Contains:

*Engineering results of irrigation survey, by H. N. Wilson, pp. 351-437, pls. 147-182. Dis-
cusses surveys, flood-water storage, dam site, estimated cost of El Paso reservoir, Texas.

Sixteenth Annual Report of the United States Geological Survey, 1894-95, Charles
D. Walcott, Director. 1896. (Pts. II, ITI, and IV, 1895.) 4 parts. *Pt.
II. Papers of an economic character, xix, 598 pp., 43 pls. $1.25. Contains:
The public lands and their water supply, by F. H. Newell, pp. 457-533, pls. 35-39. Describes
general character of the public lands, the lands disposed of (railroad, grant and swamp lands,
and private miscellaneous entries), lands reserved (Indian, forest, and military reservations),
the vacant lands, and the rate of disposal of vacant lands; discusses the streams, wells, and reser-
voirs as sources of water supply; gives details for each State.
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Eighteenth Annual Report of the United States Geological Survey, 1896-97, Charles
D. Walcott, Director. 1897. (Pts. I and ITI, 1898.) 5 parts in 6 vols.
Pt. II. *Papers chiefly of a theoretic nature, v, 653 pp., 105 pls. $1.65.
Contains:

*Geology of portions of the Edwards Plateau and Rio Grande Tlain adjacent to Austin and
San Antonio, Tex., with especial reference to the occurence of artesian and other underground
waters, by R. T. Hill and T. W. Vaughan, pp. 193-322, pls. 21-64. Discusses the general prin-
ciples of artesian waters, the capacity of the various rock sheets for water, the nonflowing wells,
the gravity springs, and artesian wells of the Edwards Plateau and Rio Grande Plain; the proba-
ble identity of source of artesian and fissure spring waters, and the availability and limitations
of underground waters; treats of the chemical quality of the artesian-well waters, and gives
analyses of waters from the various beds and of spring waters from Austin and vicinity.

Twenty-first Annual Report of the United States Geological Survey, 1899-1900,
Charles D. Walcott, Director. 1900. (Parts III, IV, VI, VI continued,
and VII, 1901.) 7 parts in 8 vols., and separate case for maps with Pt. V.
*Pt. IV, Hydrography, 768 pp., 156 pls. $2.35. Contains:

*The High Plains and their utilization, by W. D. Johnson, pp. 601-741, pls. 113-146. De-
scribes the area lying in an irregular belt about midway across the long eastward slope of the
Great Plains and including parts of Wyoming, Colorado, and Nebraska (North and South Platte)
Platte, Republican, and Smoky Hill River basins), Colorado, Kansas, New Mexico, Oklahoma
and Texas (Arkansas River basin), and Colorado, New Mexico, and Texas (Rio Grande basin);
discusses the origin and structure of the High Plains, the precipitation, temperature, and other
factors of climate, experiments with irrigation, and the use of mountain streams, local storm,
water storage, and artesian waters. Concluded in the Twenty-second Annual Report,

*Part VII. Geography and geology of the Black and Grand prairies, Tex., with
detailes descriptions of the Cretaceous formations and special reference to
artesian waters, by R. T. Hill. 1901. 666 pp., 71 pls. $1.90.

Gives a general description of the geography of a region including Texas, Oklahoma, and
New Mexico east of the Rio Grande, and describes in more detail the geography and geology
of the Black and Grand prairies. Discusses the principles governing artesian and other ground
waters, the artesian systems of Texas, and the quality of the waters of these systems, Describes
the artesian conditions by counties and gives analyses. Includes maps showing the geology,
the locations of artesian wells, and the outcrop of, depths to, and areas of artesian flow from
the Trinity, Paluxy, and Woodbine formations.

Twenty-second Annual Report of the United States Geological Survey, 1900-1901,
Charles D. Walcott, Director. 1901. (Pts. III and IV, 1902.) 4 parts.

*Pt. IV, Hydrography, 631-669 pp., pls. 51-65. $2.20. Contains:
*Conclusion of The High Plains and their ntilization.

BULLETINS.

An asterisk (¥) indicates that the Geological Survey’s stock of the paper is exhausted. Many of the papers
somarked may be purchased from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D.C. Bulleting
are of octavo size.

*264. Records of deep-well drilling for 1904, by M. L. Fuller, E. F. Lines, and A. C.
Veatch. 1905. 106 pp. 10c.

Discusses the importance of accurate well records to the driller, to owners of oil, gas, and
water wells, and to geologists; describes the general methods of work; gives tabulated records
of wells in Colorado, Louisiana, New Mexico, and Texas, and detailed record of well near Hous-
ton, Harris County, Tex. This well was selected because it affords definite stratigraphic
information.

*298. Record of deep-well drilling for 1905, by M. L. Fuller and Samuel Sanford.
1906. 209 pp. 25c.

Gives an account of progress in the collection 6f well records and samples; contains tabulated
records of wells in Colorado, Louisiana, New Mexico, and Texas; and detailed records of wells
in Eddy and Torrance counties, New Mexico; and Bexar, Cameron, Coleman, Dallas, Dimmit,
Duval, Fayette, Fort Bend, Guadalupe, Hardin, Harris, Hays, Jasper, Johnson, Kendall,
Lampasas, Liberty, Medina, Navarro, Nueces, Parker, Williamson, and Zavalla counties,
Tex. The wells of which detailed sections are given were selected because they afford valuable
stratigraphic information.
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618. Geology and underground water of Luna County, N. Mex., by N. H. Darton.
1916. 188 pp., 13 pls.

Describes the geography and geology, the mineral resources, the water supplies from streams,
springs, and wells, and the irrigation development from surface and ground waters. Discusses
the source, quantity, and quality of the ground waters and the extent of the water-bearing
strata and gives well data by townships. Includes maps showing the geology, the contours of
the water table, and the depths to ground water.

GEOLOGIC FOLIOS.

Under the plan adopted for the preparation of a geologic map of the United States
the entire area is divided into small quadrangles, bounded by certain meridians and
parallels, and these quadrangles, which number several thousand, are separately
surveyed and mapped.! The unit of survey is also the unit of publication, and the
maps and descriptions of each quadrangle are issued in the form of a folic. When all
the folios are completed they will constitute the Geologic Atlas of the United States.

A folio 18 designated by the name of the principal town or of a prominent natural
feature within the quadrangle. Each folio includes maps showing the topography,
geology, underground structure, and mineral deposits of the area mapped and several
pages of descriptive text. The text explains the maps and describes the topographic
and geological features of the country and its mineral products. The topographic map
shows roads, railroads, waterways, and, by contour lines, the shapes of the hills and
valleys and the height above sea levels of all points in the quadrangle. The areal-
geology map shows the distribution of the various rocksat the surface. The structural-
geology mayp shows the relations of the rocks to one another underground. The econo-
mic-geology map indicates the location of mineral deposits that are commercially
valuable. The artesian-water map shows the depth to underground-water horizons.
Economic-geology and artesian-water maps are included in folios if the conditions
in the area mapped warrant their publication. The folios are of special interest to
students of geography and geology and are valuable as guides in the development and
utilization of mineral resources.

The folios numbered from 1 to 163, inclusive, are published in only one form (18
by 22 inches), called the library edition. Some of the folios that bear numbers higher
than 163 are published also in an octavo edition (6 by 9 inches). Owing to a fire in
the Geological Survey building May 18, 1913, the stock of geological folios was more
or less damaged by fire and water, but 80 or 90 per cent of the folios are usable. They
will be sold at the uniform price of 5 cents each, with no reduction for wholesale
orders. This rate applies to folios in stock from 1 to 184, inclusive, also to the library
edition of folio 186. The library edition of folios 185, 187, and higher numbers sells
for 25 cents a copy, except that some folios which contain an unusually large amount
of matter sell for 50 cents a copy. The octavo edition of folio 185 and higher numbers
gells for 50 cents a copy. If 34 folios selling at 25 cents each (or their equivalent in
higher-priced folios) are ordered at one time a discount of 40 per cent is allowed;
$5.10 is the minimum amount accepted at this rate. '

All the folios contain descriptions of the drainage of the quadrangles. The folios
in the following list contain also brief discussions of the underground waters in con-
nection with the economic resources of the areas and more or iess information concern-
ing the utilization of the water resources.

An asterisk (*) indicates that the stock of the folio is exhausted.

1 Index maps showing areas in the western Gulf of Mexico basins covered by topographic maps and by
geologic folios will be mailed on receipt of request addressed to the Director, U. 8. Geological Survey, Wash-
fngton, D, C.
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42. Nueces, Texas. 5c.
Describes geography and geology and relations of geological formations to underground waters,

*64. Uvalde, Texas.
Describes the topography and geology of the area, the streams, springs, and wells, and discusses
the possibility of obtaining artesian flows.

*76. Austin, Texas.
Describes the topography and geology of the area, the drainage, and discusses the possibility
of obtaining artesian water.

¥120. Silverton, Colorado.
¥166. El Paso,! Texas.

Gives analyses of underground waters.

183. Llano-Burnet,! Texas. 5c. .
Under “Mineral Resources’” discusses rainfall, streams, springs, wells, tanks, and cisterns.

194. Van Horn, Texas. 25c.
Gives analyses of water from railroad wells at Van Horn and well at Figure 2 ranch head-
quarters.

199. Silver City, New Mexico. 25c.
207. Deming, New Mexico. 25c.

MISCELLANEOUS REPORTS.

Other Federal bureaus, State, and other organizations, have from
time to time published reports relating to the water resources of
various sections of the country. Notable among those pertaining to
the western Gulf of Mexico drainage basins are the reports of the
State geological surveys of Louisiana and Texas, the reports of the
State engineers of Colorado and New Mexico, and the annual reports
of the United States Reclamation Service. The following deserve
special mention.

Report of commission appointed to revise the laws of the State of Colorado regulating
the appropriation, distribution, and use of water. 1890.

Preliminary examination of reservoir sites in Wyoming and Colorado; letter from
the Secretary of War transmitting a letter from the Chief of Engineers, together with
a report of Capt. Chittenden: 55th Cong., 2d sess., House Doc. 141.

Report on the underground waters of Louisiana, by G. D. Harris, A. C. Veatch, and
others, made under the direction of the State experiment stations. Louisiana Geol.
Survey Bull. 1, 1905.

Preliminary report on the soils and waters of the upper Rio Grande and Pecos
valleys in Texas, by H. H. Harrington: Texas Geol. Survey Bull. 2, 1890.

‘Water supply of southwest Texas, compiled by H. M. Madison. 1912.

Artesian water on the Llano Estacado, by G. G. Shumard: Texas Geol. Survey Bull.
1, 1892.

Preliminary reports on the artesian wells of the Gulf coastal slope, by J. A. Singley,
and on the organic remains from the deep well at Galveston, by Gilbert D. Harris:
Texas Geol. Survey Fourth Ann. Rept., 1892.

A study of the use of water for irrigation on the Rio Grande del Norte, by W. W
Follett: International (Water) Boundary Comm. Proc., pp. 284-323, 1903.

Silt in the Rio Grande, by W. W. Follett: Intematlonal Boundary Comm. Proc.,
1913.

Silt survey on Pecos River: U. S. Recl. Service Third Ann. Rept., 1905.

1 Issued in two editions. Specify edition desired.



GEOLOGIOAL SURVEY HYDROLOGIC REPORTS OF GENERAL
INTEREST.

The following list comprises reports not readily classifiable by drain-
age basins and covering a wide range of hydrologic investigations:

WATER-SUPPLY PAPERS.

*1. Pumping water for irrigation, by H. M. Wilson. 1896. 57 pp., 9 pls.

Described pumps and motive powers, windmills, water wheels, and various kinds of engines;
also storage reservoirs to retain pumped water until needed for irrigation.

*3. Sewage irrigation, by G. W. Rafter. 1897. 100 pp., 4 pls. (See Water-Supply
Paper 22.) 10c.

Discusses methods of sewage disposal by intermittent filtration and by irrigation; describes
utilization of sewage in Germany, England, and France, and sewage purification in the United
States.

*8. Windmills for irrigation, by E. C. Murphy. 1897. 49 pp., 8 pls. 10c.

Gives results of experimental tests of windmills during the summer of 1896 in the vieinity of
Garden, Kans.; describes instruments and methods and draws conclusions.

*14. New tests of certain pumps and water lifts used in irrigation, by O. P. Hood.
1898. 91 pp., 1 pl.

Discusses efficiency of pumps and water lifts of various types.

#20. Experiments with windmills, by T. O. Perry. 1899. 97 pp., 12 pls. 15c.
Includes tables and descriptions of wind wheels, compares wheels of several types, and dis-
cusses results.

*22. Sewage irrigation, Part IT, by G. W. Rafter. 1899. 100 pp., 7 pls. 15c.

Gives résumé of Water-Supply Paper 3; discusses pollution of certain streams, experiments
on purification of factory wastes in Massachusetts, value of commercial fertilizers, and describes
American sewage-disposal plants by States; contains bibliography of publications relating to
sewage utilization and disposal.

*4]1. The windmill; its efficiency and economic use, Part I, by E. C. Murphy. 1901
72 pp., 14 pls. 5c.
*42, The windmill; its efficiency and economic use, Part IT, by E. C. Murphy. 1901.
75 pp. (73-147), 2 pls. (15-16). 10c.
Nos. 41 and 42 give details of results of experimental tests with windmills of various types.

*43. Conveyance of water in irrigation canals, flumes, and pipes, by Samuel Fortier.
1901. 86 pp., 15 pls. 15c.
*56. Methods of stream measurement. 1901. 51 pp., 12 pls. 15c.
Describes the methods used by the Survey in 1901-2. (See also Nos. 64, 94, and 95.)

*64. Accuracy of stream measurements,-by E. C. Murphy. 1902. 99 pp.. 4 pls.
(See No. 95.) 10c.

Describes methods of measuring velocity of water and of measuring and computing stream
flow, and compares results obtained with the different instruments and methods; describes
also experiments and results at the Cornell University hydraulic laboratory. A second, en-
larged, edition published as Water-Supply Paper 95.

*67. The motions of underground waters, by C. 8. Slichter. 1902. 106 pp., 8 pls.
15¢c.

Discuss origin, depth, and amount of ground waters; permeability of rocks and porosity
of solls; causes, rates, and laws of motions of ground water; surface and deep zones of flow, and
recovery of waters by open wells and artesian and deep wells; treats of the shape and position
of the water table; gives simple methods of measuring yield of flowing wells; describes artesian
wells at Savannah, Ga.

XIX
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72. Sewage pollution in the metropolitan area near New York City and its effect on
inland water resources, by M. O. Leighton. 1902. 75 pp., 8 pls. 10c.
Defines ‘“‘normal” and “polluted’’ waters and discusses the damage resulting from pollution.

*80. The relation of rainfall to run-off, by G. W. Rafter. 1903. 104 pp. 10c.

Treats of measurements of rainfall and laws and measurements of stream flow; gives formu-
las for rainfall, run-off, and evaporation; discusses effects of forests on rainfall and run-off.

87. Irrigation in India (second edition), by H. M, Wilson. 1903. 238 pp., 27 pls.
25¢.
First edition was published in Part II of the Twelfth Annual Report.

93. Proceedings of first conference of engineers of the Reclamation Service, with
accompanying papers, compiled by F. H. Newell, Chief Engineer. 1904.
361 pp. 25c. [Requests for this report should be addressed to the U. 8.
Reclamation Service.]

Contains the following papers of more or less general interest:

Limits of an irrigation project, by D. W. Ross.

Relation of Federal and State laws to irrigation, by Morris Bien.
Electrical transmission of power for pumping, by H. A. Storrs.
Correct design and stability of high masonry dams, by Geo. Y. Wisner.
Irrigation surveys and the use of the plane table, by J. B. Lippincott.
The use of alkaline waters for irrigation, by Thomas H. Means.

*94. Hydrographic manual of the United States Geological Survey, prepared by E. C.
Murphy, J. C. Hoyt, and G. B. Hollister. 1904. 76 pp., 3 pls. 10c.

Gives instruction for fleld and office work relating to measurements of stream fiow by current
meters. (See also No. 95.)

*95. Accuracy of stream measurements (second, enlarged edition), by E. C. Murphy.
1904. 169 pp., 6 pls. .

Describes methods of measuring and computing stream fiow and compares results derived
from different instruments and methods. (See also No. 94.)

*103. A review of the laws forbidding pollution of inland waters in the United States
by E. B. Goodell. 1904. 120 pp. (See No. 152.)

Explains the legal principles under which antipollution statutes become operative, quotes
court decisions to show authority for various deductions, and classifies according to scope the
statutes enacted in the different States.

110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller,
geologist in charge. 1905. 211 pp., 5 pls. 10c.

Contains the following reports of general interest. The scope of each paper is indicated by
its title.

Description of underflow meter used in measuring the velocity and direction of underground
water, by Charles 8. Slichter.

The California or “stovepipe” method of well construction, by Charles 8. Slichter.

Approximate methods of measuring the yield of iowing wells, by Charles S. Slichter.

Corrections necessary in accurate determinations of flow from vertical well casings, from
notes furnished by A. N. Talbot.

113. The disposal of strawboard and oil-well wastes, by R. L. Sackett and Isaiah
Bowman. 1905. 52 pp., 4 pls. 5c.

The flrst paper discusses the pollution of streams by sewage and by trade wastes, describes
the manufacture of strawboard, and gives results of various experiments in disposing of the
waste. The second paper describes briefly the topography, drainage, and geology of the region
about Marion, Ind., and the contamination of rock wells and of streams by waste oil and brine.

*114. Underground waters of eastern United States; M. L. Fuller, geologist in charge.
1905. 285 pp., 18 pls. 25c.

Contains reports on “Occurrence of underground waters,” by M. L. Fuller, discussing
sources, amount, and temperature of waters, permeability and storage capacity of rocks, water-
bearing formations, recovery of water by springs, wells, and pumps, essential conditions of
artesian fiows, and general conditions affecting ground waters in eastern United States.
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119. Index to the hydrographic progress reports of the United States Geological

Survey, 1888 to 1903, by J. C. Hoyt and B. D. Wood. 1905. 253 pp. 15c.

120. Bibliographic review and index of papers relating to underground waters pub-

lished by the United States Geological Survey, 1879-1904, by M. L. Fuller.
1905. 128 pp. 10c.

*122. Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp. 5c.

140.

143.

145.

146.

Deflnes and classifles underground waters, gives common-law rules relating to their use, and

cites State legislative acts affecting them.

Field measurements of the rate of movement of underground waters, by C. 8.
Slichter. 1905. 122 pp., 15 pls. 15c.

Discusses the capacity of sand to transmit water, describes measurements of underfiow in Rio-

Hondo, San Gabriel, and Mohave River valleys, Cal., and on Long Island, N. Y., gives results
of tests of wells and pumping plants, and describes stovepipe method of well construction.

Experiments on steel-concrete pipes on a working scale, by J. H. Quinton.
1905. 61 pp., 4 pls. 5c.

Scope indicated by title.

Contributions to the hydrology of eastern United States, 1905; M. L. Fuller,
geologist in charge. 1905. 220 pp., 6 pls. 10c.

Contains brief reports of general interest as follows:
Drainage of ponds into drilled wells, by Robert E. Horton. Discusses efficiency, cost, and

capacity of drainage wells, and gives statistics of such wells in southern Michigan.

Construction of so-called fountain and geyser springs, by Myron L. Fuller.
A convenient gage for determining low artesian heads, by Myron L. Fuller.

Proceedings of second conference of engineers of the Reclamation Service, with
accompanying papers, compiled by F. H. Newell, chief engineer. 1905.
267 pp. 15c. [Inquiries concerning this report should be addressed to the
U. S. Reclamation Service.]

Contains brief account of the organization of the hydrographic [water resources] branch and

the Reclamation Service, reports of conferences and committees, circulars of instruction, and
many brief reports on subjects closely related to reclamation, and a bibliography of technical
papers by members of the service. Of the papers read at the conference those listed below
(scope indicated by title) are of more or less general interest:

Proposed State code of water laws, by Morris Bien.

Power engineering applied to irrigation problems, by O. H. Ensign.

Estimates on tunneling in irrigation projects, by A. L. Fellows.

Collection of stream-gaging data, by N. C. Grover.

Diamond-drill methods, by G. A. Hammond.

Mean-velocity and area curves, by F. W. Hanna.

Importance of general hydrographic data concerning basins of streams gaged by R. E. Horton.
Effect of aquatic vegetation on stream fiow, by R. E. Horton.

Sanitary regulations governing construction camps, by M. O. Leighton.

Neocessity of draining irrigated lands, by Thos. H. Means.

Alkali soils, by Thos. H. Means.

Cost of stream-gaging work, by E. C. Murphy.

Equipment of a eable gaging station, by E. C. Murphy.

8ilting of reservoirs, by W. M. Reed.

Farm-unit classification, by D. W. Ross.

Cost of power for pumping irrigating water, by H. A. Storrs.

Records of fiow at current-meter gaging stations during the frozen season, by F. H. Tillinghast.

147. Destructive floods in the United States in 1904, by E. C. Murphy and others.

1905. 206 pp., 18 pls. 15c.

Contains a brief account of A method of computing cross-section area of waterways,” includ-

ing formulas for maximum discharge and area of cross-section.

*150. Weir experiments, coefficients, and formulas, by R. E. Horton. 1906. 189

PP., 38 pls. (See Water-Supply Paper 200.) 15c.

Scope indicated by title.
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151. Field assay of water, by M. O. Leighton. 1905. 77 pp., 4 pls.

Discusses methods, instruments, and reagents used in determining turbidity, color, iron,
chlorides, and hardness in connection with the studies of the quality of water in various parts
of the United States.

¥152. A review of the laws forbidding pollution of inland waters in the United States,
second edition, by E. B. Goodell. 1905. 149 pp. 10c.
Scope indicated by title.

*155. Fluctuations of the water level in wells, with special reference to Long Island,
N. Y., by A. C. Veatch. 1906. 83 pp., 9 pls. 25c.

Includes general discussion of fluctuations due to rainfalland evaporation, barometric changes,
temperature changes, changes in rivers, changes in lake level, tidal changes, effects of settle-
ment, irrigation, dams, underground-water developments, and to indeterminate causes.

*160. Underground water papers. 1906; M. L. Fuller, geologist in charge. 1906.
104 pp., 1 pl.

Gives account of work in 1905; lists publications relating to underground waters, and con-
tains the following brief reports of general interest:

Significance of the term ““artesian,” by Myron L. Fuller.

Representation of wells and springs on maps, by Myron L. Fuller.

Totalamount of free water in the earth’s ecrust, by Myron L. Fuller.

Use of fluorescein in the study of underground waters, by R. B. Dole.

Problems of water contamination, by Isaiah Bowman.

Instances of improvement of water in wells, by Myron L. Fuller.

*162. Destructive floods in the United States in 1905, with a discussion of flood dis-
charge and frequency and an index to flood literature, by E. C. Murphy and
others. 1906. 105 pp., 4 pls. 15c.

*163. Bibliographic review and index of underground-water literature published in
the United States in 1905, by M. L. Fuller, F. G. Clapp, and B. L. Johnson.
1906. 130 pp. 1l5c.
Scope indicated by title.

¥179. Prevention of stream pollution by distillery refuse, based on investigations at
Lynchburg, Ohio, by Herman Stabler. 1906. 34 pp., 1 pl. 10c.

Describes grain distillation, treatment of slop, sources, character, and effects of effluents on
streams; discusses filtration, precipitation, fermentation, and evaporation methods of disposal
of wastes without pollution.

*180. Turbine water-wheel tests and power tables, by R. E. Horton. 1906. 134

PP, 2 pls. 20c.
Scope indicated by title.

*185. Investigations on the purification of Boston sewage, * * * with a history
of the sewage-disposal problem, by C. E. A. Winslow and E. B. Phelps.
1906. 163 pp. 25c.

Discusses composition, disposal, purification, and treatment of sewages and tendencies in
sewage-disposal practice in England, Germany, and the United States; describes character of
crude sewage at Boston, removal of suspended matter, treatment in septic tanks, and puri-
fication by intermittent sand filtration and in beds of coarse material; gives bibliography.

*186. Stream pollution by acid-iron wastes, a report based on investigations made at

Shelby, Ohio, by Herman Stabler. 1906. 36 pp., 1 pl.

Gives history of pollution by acid-iron wastes at Shelby, Ohio, and of resulting litigation;
discusses effect of acid-iron liquors of sewage-purification processes, recovery of copperas from
acid-iron wastes, and other processes for removal of pickling liquor.*

*187. Determination of stream flow during the frozen season, by H. K. Barrows and
R. E. Horton. 1907. 93 pp., 1 pl. 15c.
Scope indicated by title.
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*189. The prevention of stream pollution by strawboard waste, by E. B. Phelps,
1906. 29 pp., 2 pls. ‘
Describes manufacture of strawboard, present and proposed methods of disposal of waste

liquors, laboratory investigations of precipitation and sedimentation, and field studies of amount
and character of water used, raw material and finished preduect, and mechanical filtration.

*194, Pollution of Illinois and Mississippi rivers by Chicago sewage (a digest of the
testimony taken in the case of the State of Missouri v. the State of Illinois
and the Sanitary District of Chicago), by M. O. Leighton. 1907. 369 pp.,
2 pls.

Scope indicated by amplification of title.

*200. Wier experiments, coefficients, and formulas (revision of paper No. 150), by
R. E. Horton. 1907. 195 pp., 38 pls. 35c¢.
Scope indicated by title.

#296. The pollution of streams by sulphite-pulp waste, a study of possible remedies,
by E. B. Phelps. 1909. 37 pp., 1 pl. 10c.

Describes manufacture of sulphite pulp, the waste liquors, and the experimental work lead-
ing to suggestions as to methods of preventing stream pollution.

#229. The disinfection of sewage and sewage filter effluents, with a chapter on the
putrescibility and stability of sewage effluents, by E. B. Phelps. 1909. 91
PP, 1 L. 15c.
Scope indicated by title.

*234. Papers on the conservation of water resources. 1909. 96 pp., 2 pls. 15c.
Contains the following papers, whose scope is indicated by their titles: Distribution of rainfall
by Henry Gannett; Floods, by M. O. Leighton; Developed water powers, compiled under the
direction of W, M. Steuart, with discussion by M. O. Leighton; Undeveloped water powers, by
M. O. Leighton; Irrigation, by F. H. Newell; Underground waters, by W. C. Mendenhall; Denu-
dation, by R. B. Dole and Herman Stabler; Control of catchment areas, by H. N. Parker.

*235. The purification of some textile and other factory wastes, by Herman Stabler
and G. H. Pratt. 1909. 76 pp. 10c.

Discusses waste waters from wool scouring, bleaching and dyeing cotton yarn, bleaching
cotton piece goods, and manufacture of oleomargarine, fertilizer, and glue.

236. The quality of surface waters in the United States, Part I, Analyses of waters
east of the one hundredth meridian, by R. B. Dole. 1909. 123 pp. 10c.

Describes collection of samples, methods of examination, preparation of solutions, accuracy
of estimates, and expression of analytical results.

238. The public utility of water powers and their governmental regulation, by René
Tavernier and M. O. Leighton. 1910. 161 pp. 15c.

Discusses hydraulic power and irrigation, French, Ttalian, and Swiss legislation relative to
the development of water powers, and laws proposed in the French Parliament; reviews work
of bureaus of hydraulics and agriculturalimprovements of the French department of agriculture,
and gives résumé of Federal and State water-power legislation in the United States.

*255. ‘Underground waters for farm use, by M. L. Fuller. 1910. 58 pp., 17 pls. 15c.
Discusses rocks as sources of water supply and the relative safety of supplies from different
materials; springs and their protection; open or dug and deep wells, their location, yield, rela-
tive cost, protection, and safety; advantages and disadvantages of cisterns and combination
wells and cisterns.

*257. Well-drilling methods, by Isaiah Bowman. 1911. 139 pp., 4 pls. 15c.

Discusses amount, distribution, and disposal of rainfall, water-bearing rocks, amount of
ground water, artesian conditions, and oil and gas bearing formations; gives history of well
drilling in Asia, Europe, and the United States; describes in detail the various methods and
the machinery used; discusses loss of tools and geologic difficulties; contamination of well
waters and methods of prevention; tests of capacity and measurement of depth; and costs of

sinking wells.
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274.

*315.

334.

337.

*345.

364.

371,

*375.

*400.
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Underground-water papers, 1910, by M. L. Fuller, F. G. Clapp, G. C. Matson,
Samuel Sanford, and H. C. Wolff. 1911. 123 pp., 2 pls. 15c.

Contains the following papers (scope indicated by titles) of general interest:

Drainage by wells, by M. L. Fuller.

Freezing of wells and related phenomensa, by M. L. Fuller.

Pollution of underground waters in limestone, by G. C. Matson.

Protection of shallow wells in sandy deposits, by M. L. Fuller.

Magnetic wells, by M. L. Fuller.

Some stream waters of the western United States, with chapters on sediment
carried by the Rio Grande and the industrial application of water analyses,
by Herman Stabler. 1911. 188 pp. 15c.

Describes collection of samples, plan of analytical work, and methods of analyses; discusses
soap-consuming power of waters, water softening, boiler waters, and water for irrigation.

The purification of public water supplies, by G. A. Johnson. 1913. 84 pp., 8
pls. 10c. .

Discusses ground, lake, and river waters as public supplies, development of waterworks
systems in the United States, water consumption, and typhoid fever; describes methods of
filtration and sterilization of water, and municipal water softening.

The Ohio Valley flood of March-April, 1913 (including comparisons with some
earlier floods), by A. H. Horton and H. J. Jackson. 1913. 96 pp., 22 pls.
20c.

Although relating specifically to floods in the Ohio Valley, this report discusses also the causes
of floods and the prevention of damage by floods.

The effects of ice on stream flow, by William Glenn Hoyt. 1913. 77 pp., 7
pls. 15c.

Discusses methods of measuring the wiater flow of streams.

Contributions to the hydrology of the United States, 1914. N. C. Grover, chief
hydraulic engineer. 1915. 225 pp., 17 pls. 30c. Contains:

(¢) A method of determining the daily discharge of rivers of variable slope, by M. R. Hall,
'W. E. Hall, and C. H. Pierce, pp. 53-03.

Water analyses from the laboratory of the United States Geological Survey, tab-
ulated by F. W. Clarke, chief chemist. 1914, 40 pp. 5c.

Contains analyses of waters from rivers, lakes, wells, and springs in various parts of the United
States, including analyses of the geyser water of Yellowstone National Park, hot springs in
Montana, brines from Death Valley, water from the Gulf of Mexico, and mine waters from
Tennesses, Michigan, Missouri and Oklahoma, Mohtana, Colorado and Utah, Nevada and Ari-
zona, and California.

Equipment for current-meter gaging stations, by G. J. Lyon. 1915. "64 pp.,
37 pls. 20c.

Describes methods of installing automatic and other gages and of constructing gage wells,
shelters, and structures for making discharge measurements and artificial controls.

Contributions to the hydrology of the United States, 1915; N. C. Grover, chief

hydraulic engineer. 1916. 181 pp., 9 pls. 15c.

Contains three papers presented at the conference of engineers of the water-resources branch .
in December, 1914.
# (¢) The relation of stream gaging to the science of hydraulics, by C. H. Pierce and R. W.
Davenport, pp. 77-84.

(e) A method for correcting river discharge for changing stage, by B. E. Jones, pp. 117-130.

(f) Conditions requiring the use of automatic gages in obtaining records of stream flow, by
C. H. Pierce, pp. 131-139.

Contributions to the hydrology of the United States, 1916; 'N. C. Grover, chief

hydraulic engineer. 1917. 108 pp., 7 pls. Contains:

(¢) The people’s interest in water-power resources, by G. O. anith, pp. 1-8.
¥(¢) The measurement of silt-laden streams, by R. C. Pierce, pp. 39-51.
(d) Accuracy of stream-flow data, by N. C. Grover and J. C. Hoyt, pp. 53-59.
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416, The divining rod, a history of water witching, with a bibliography, by Arthur J.
Ellis, 1917. 59 pp. 10c.
A brief paper published ‘“merely to furnish a reply to the numerous inquiries that are con-
tinually being received from all parts of the country” as to the efficacy of the divining rod for
locating underground water.

425, Contributions to the hydrology of the United States, 1917; N. C. Grover, chief
hydraulic engineer. 1918. Contains:
*(c) Hydraulic conversion tables and convenient equivalents, pp. 71-84. 1917,

427. Bibliography and index of the publications of the United States Geological
Survey relating to ground water, by O. E. Meinzer, 1918. 169 pp., 1 pl.
Includes publications prepared, in whole or part; by the Geological Survey that treat any
phase of the subject of ground water or any subject directly applicable to ground water. Illus-
trated by map showing reports that cover specific areas more or less thoroughly.

ANNUAL REPORTS.

*Fifth Annual Report of the United States Geological Survey, 1883-84, J. W. Powell,
Director. 1885, =xxxvi, 469 pp., 58 pls. $2.25. Contains:

*The requisite and qualifying conditions of artesian wells, by T. C. Chamberlin, pp. 125 to
173, pl. 21. Scope indicated by title.

Twelith Annual Report of the United States Geological Survey, 1890-91, J. W. Powell,
Director. 1891. 2 parts. Pt. II, Irrigation, xvii, 576 pp., 93 pls. $2.
Contains:

*Irrigation in India, H. M. Wilson, pp. 363-561, pls. 107 to 146. See Water-Supply Paper 87.

Thirteenth Annual Report of the United States Geological Survey, 1891-92, J. W.
Powell, Director. 1892. (Pts. IT and III, 1893.) 3 parts. *Pt. III, Trri-
gation, xi, 486 pp., 77 pls. $1.83. Contains:

*American irrigation engineering, by H. M, Wilson, pp. 101-349, pls. 111-145. Discusses the
economic aspects of irrigation, alkaline drainage, silt and sedimentation; gives brief history of
legislation; describes perennial canals in Idaho-California, Wyoming, and Arizona; discusses
water storage at reservoirs of the California and other projects, subsurface sources of supply,
pumping, and subirrigation.

Fourteenth Annual Report of the United States Geological Survey, 1892-93, J. W.
Powell, Director. 1893. (Pt. II, 1894.) 2 parts. *Pt. II, Accompanying
papers, xx, 597 pp., 73 pls. $2.10. Contains: i

*The potable waters of eastern United States, by W. J. McGee, pp. 1-47. Discusses cistern
water, stream waters, and ground waters, including mineral springs and artesian wells.

*Natural mineral waters of the United States, by A. C. Peals, pp. 49-88, pls. 3 and 4. Dis-~
cusses the origin and flow of mineral springs, the seurce of mineralization, thermal springs, the
chemical composition and analysis of spring waters, geographic distribution, and the utiliza~
tion of mineral waters; gives a list of American mineral-spring resorts; contains also some
analyses.

Nineteenth Annual Report of the United States Geological Survey, 1897-98, Charles
D. Walcott, Pirector. 1898. (PartsII, III, and V,1899.) 6 partsin 7 vols.
and separate case for maps with Pt. V. *Pt. IT, Papers chiefly of a theoretic
nature, v, 958 pp., 172 pls. $2.65. Contains:

#*Principles and conditions of the movements of ground water, by F. H. King; pp. 59-294, pls.
61016, Discusses the amount of waters stored in sandstone, in soil, and in other rocks, and the
depth to which ground water penetrates; gravitational, thermal, and capillary movements of
ground waters, and the configuration of the ground-water surface; gives the results of experi-
mental investigations on the flow of air and water through a rigid, porous medium, and through
sand, sandstones, and silts; discusses results obtained by other investigators, and summarizes
results of observations; discusses also rate of flow of water through sand and rock, the growth of
rivers, rate of filtration through soil, interference of wells, etc.

*Theoretical investigation of the fhotion of ground waters, by C. 8. Slichter, pp. 295-384, pl.
17. Scope indicated by title.
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PROFESSIONAL PAPERS.

*72. Denudation and erosion in the southern Appalachian region and the Mononga-
hela basin, by L. C. Glenn. 1911, 137 pp., 21 pls. 35c.

Describes the topography, geology, drainage, forests, climate and population, and trans-
portation facilities of the region, the relation of agriculture, lumbering, mining, and power
development to erosion and denudation, and the nature, effects, and remedies of erosion; gives

- details of conditions in Holston, Nolichucky, French Broad, Little Tennessee, and Hiwassee
River basins, along Tennessee River proper, and in the basins of the Coosa-Alabama system,
Chattahooche, Savannah, Saluda, Broad, Catawba, Yadkin, New, and Monongahela rivers. .

86. The transportation of débris by running water, by G. K. Gilbert, based on

experiments made with the assistance of E. C. Murphy. 1914. 263 pp.,
3 pls. 70c.

The results of an investigation which was carried on in a specially equipped laboratory at '
Berkeley, Cal., and was undertaken for the purpose of learning ‘“the laws which control the
movement of bed load and especially to determine how the quantity of load is related to the
stream slope and discharge and to the degree of comminution of the débris.”

A highly technical report.

105. Hydraulic-mining débris in the Sierra Nevada, by G. K. Gilbert.” 154 pp., 34
pls. 1917. 50c.

Presents the results of an investigation undertaken by the United States Geological Survey

in response to a memorial from the California Miners’ Association asking that a particular study

e made of portions of the Sacramento and San Joaquin valleys affected by detritus from tor-

rential streams. The report deals largely with geologic and physiographic aspects of the subject,

traces the physical effects, past and inture, of the hydraylic mining of earlier decades, the similar

effects which certain other industries induce through stimulation of the erosion of the soil, and

the influence of the restriction of the area of inundation by the construction of levees. Suggests

cooperation by several interests for the control of the streams now carrying heavy loads of débris.

BULLETINS.

*32. Lists and analyses of the mineral springs of the United States (a prelimin.a,ry
study), by A. C. Peale. 1886. 235 pp.

Defines mineral waters, lists the springs by States, and gives tables of analyses.

*319. Summary of the controlling factors of artesian flows, by M. L. Fuller. 1908.
44 pp., 7 pls. 10c.
Describes underground reservoirs, the sources of ground waters, the confining agents, the
primary and modifying factors of artesian circulation, the essential and modifying factors of
artesian flow, and typical artesian systems.

*479. The geochemical interpretation of water analyses, by Chase Palmer. 1911.
31 pp. 5c.

Discusses the expression of chemical analyses, the chemical character of water and the prop-
erties of natural waters; gives a classification of waters based on property values and reacting
values, and discusses the character of the waters of certain rivers as interpreted directly from
the results of analyses; discusses also the relation of water properties to geologic formations,
silica in river water, and the character of the water of the Mississippi and the Great Lakes and
8t. Lawrence River as indicated by chemical analyses.

616. The data of geochemistry (third edition), by F. W. Clarke. 1916. 821 pp.
45¢. .

Earlier editions were published as Bulletins 330 and 491. Contains a discussion of the state-

! ment and interpretation of water analyses, and a chapter on “Mineral wells and springs” (pp.

179-216). Discusses the definition and classification of mineral waters, changes in the com-

position of water, deposits of calcareous, ocherous, and siliceous materials made by water,

Vadose and juvenile waters, and thermal springs in relation to volcanism. Describes the dif-

ferent kinds of ground water and gives typical analyses. Includes a brief bibliography of papers
containing water analyses.



INDEX BY AREAS AND SUBJECTS.

A=Annual Reports; M=Monograph; B=Bulletin; P=Professional Paper; W=Water-Supply Paper;

G F=Geologic folio.]
Arizona: Underground waters . ... ... .o ittt ittt iieaeaaaaaaea W425¢
Artesian waters: Essential condjtions. ................. ... A 5; B 319; W67, 114
Bibliographies 1. .. .. oot et W 119, 120, 168, 416, 427
Chemical analyses:? Methods and interpretation.. W 151,236, 259, 274, 364; B479, 616
Colorado: Quality of waters. . ..........o..cceeooieiiioiaun. W 240, 364
Surface Waters. ...oceieenonr ittt eeeaaaaan W 74, 147, 162, 358
Underground WaterS. . .ocueeeeeiiiiiiaeniaeeeecaccaransanananns A 16, ii;
21, iv; 22, iv; B 264, 298; W 57, 149, 240; G F 120
Comservation. ... ... it iieieiiiecicieiann w234
DOnUAAION. .« o ettt ettt e et et e it eeeeaenaeaaaane P72
Divining rod. . . .o et eiiiiaciieeececeacnaaaas W 416
Engineering methods. .. .. ..ooiieiiiaiiiiaiiiiiiiaaa... W1,8,8, 20,41, 42, 43, 56,
64, 94, 95, 110, 143, 150, 180, 187, 200, 257, 337, 345e, 371, 875¢, ¢, and f
Floods..cccerereannnnn. e e e e eeaaaaas W 40, 147, 162, 334
India: Irrigation. ... .. .. i iiiieiiiien.. A12; W87
Tce measurements. ... ... ol iiiiiiiiiieictaaaaaaan o. W 187,337
Irrigation, general ... .......... A10,ii; 11,3 n, 12, ii; 13, iii; 16, ii; W 20, 22, 41, 42, 87
Legal aspects: Surface waters. ... ... . o..iiiiiiiiiiiiaiaia.n W 103, 152, 238
Underground Waters. ... ...cooueniiniiiraiaiacaaaanaeanans w122
Louisiana: Quality of waters... ... ... . i i i w101
Underground..................... W 57, 101, 114, 149; B 264, 298
Mineral springs: Analyses. .....ocueeciieeeaieeaiiiiiiaanan. A 14, ii; B 32; W 364
Origin, distribution, etc... ... .. ccciieernacaccenseennnnn A14,ii
B B32; Wil4
Motions of ground waters....................... A 19,ii; B 319; W 67, 110, 140, 155
New Mexico: Quality of waters.......... ... ... ............ W 260, 275, 343, 364
Surface Waters. ..................... W 10, 147, 162, 188, 275, 343, 358
Underground waters. .........ccoooieivaaaan.. A 21, iv; 22,1iv; B 618;
W 61, 149, 158, 188, 260, 275, 343, 345¢c, 422; G F 199, 207
Pollution: By industrial wastes........................... W 179, 186, 189, 226, 235
By 8eWage. e W 72, 194
Laws forbidding. ... ... . . ...l W 103, 152
Indices Of ..l et W 144, 160
Sanitation; quality of waters; pollution; sewage irrigation................... w3,

22, 72, 103, 110, 113, 114, 144, 145, 152, 160, 179
185, 186, 189, 194, 226, 229, 235, 236, 255, 258, 315

Sewage disposal and purification..................... W 3, 22, 72, 113, 185, 194, 259
Texas: Quality of waters............ A 18, ii; W 190, 236, 274, 335, 364; G F 166, 194
Surface waters............. W 13, 40, 71, 93, 105, 162, 190, 274, 358; G F 183
Underground waters. ... .......oc.cecicanaaannn. A 18, ii; 21, iv, vii; 22, iv;

W 61, 71, 140, 141, 149, 190, 317; G F 42, 64, 76, 166, 183, 194

Underground waters: Legal aspects. .. .oueeeieeaiioiiniiennniaiaaaaaanns w122
. Methods of utilization........................ W 114, 285, 157
Pollution. .....oooviimeeieiiaiiaa.. W 110, 145, 160, 258

Windmill papers. ... ..ccoveieieannana... et eeeeceeaenenaanaan W1, 8, 20,41, 42

1 Many of the reports contain brief subject bibliographies. See abstracts. :
2 Many analyses of river, spring, and well waters are scattered through publications, as noted in abstracts.
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Frio Lake outlet, Tex.._ .......... VIIT
Gallinas River, N. Mex.. X
GallinasRiver, SouthFork N Mex. X
Grande, Rio, Oolo N. Mex., Tex. v
Guadalupe River, Tex ............ vig
Hondo, Arroyo, N. Mex... .- IX
Hondoreservoirscourgate, N, Mex. X
Hondo reservior inlet, N. Mex. ... X
Hondo, Rio, N. Mex............... X
Hondo River, N. Mex............. X
Horn River, N.Mex.............. X
Kerber Creek, Colo............... X
Lake McMillan, N. Mex.......... X
La Luz, Rio, N.Mex........._.... X
Lampbright Draw, N. Mex.___.... X
Little Brazos River, N, Mex...... X
Little River, Tex....co.......... vt
Liano River, Tex................. v
Llano River, North, Tex.......... VI
Lucero, Rio, N. Mex......._..... X
" Margueretta flume, Tex. .. ...... x
McMillan, Lake, N. Mex.......... X
Mimbres River, N. Mex........... x
Neches River, Tex............... v
North Concho River, Tex......... vm
North Llano River, Tex.......... vin
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Nueces River, Tex...............
Nutrias Creek, N. Mex. .. ....._..
Nutritus Creek, N. Mex..........
Pecan Bayou, Tex...............
Pecos River, N. Mex., Tex.......
Penasco River, N. Mex............
Pueblo de Taos, Rlo, N. Mex......

Rio Fernando de Taos, N. Mex. ..
Rio Fresnal, N.Mex.............
Rio Grande, Colo., N. Mex., Tex..
Rio Grande, South Fork, Colo.....
Rio Hondo, N. Mex...............
RioLaluz, N.Mex..............
Rio Lucero, N. Mex...............
Rio Pueblo de Taos, N. Mex......
Rio Puerco, N. Mex...............
Rio Ruidoso, N. Mex.............
Rio Salado, Mex..........._.....
Rio San Antonio, Colo............
Rio San Juan, Mex...............
Rio Taos, N.Mex.................
Rio Tularosa, N. Mex............
Rio Vallecitos, N. Mex...........
Ruidoso, Rio, N. Mex.............
Sabine River, Tex., La............
Saguache Creek, Colo..............
Salado, Rio, Mex.................
San Antonio, Rio, Colo........_...
San Antonio River, Tex . ........
San Jose River, N. Mex. .........
San Jaun, Rio, Mex............._.
San Luis Creek, Colo..............
San Marcos River, Tex...........
San Pedro Creek, Tex.............
San Saba River, Tex..............
Santa Fe Creek, N. Mex..........
Santa Fe Water & Light Co. ditch,

South Fork. See name of main
stream.
Stevens Creek, N. Mex............
Taos, Rio, N. Mex............_..
Taylor-Moore ditch, N. Mex......
Trinity River, Tex................
Tularosa, Rio, N. Mex............
Vallecitos, Rio, N. Mex...........
West Valley ditch, Tex...........

Whitewater Creek, N. Mex.._.....
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X

X

X

via
X

IX
Vi
X

IX
vaor
VIII
Vil

X

X

X

vIIL

IX



