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SURFACE WATER SUPPLY OF NEBRASKA.

By J. C. STEVENS.

INTRODUCTION.

The material in this paper was compiled in 1904 as a thesis for the
degree of bachelor of science in civil engineering at the University of
Nebraska. The original manuscript has been revised and brought
down to January, 1907, in order to satisfy a demand from engineers,
irrigators, and the general public for a reference work covering all
discharge data collected in Nebraska, inasmuch as the results of
surface-water investigations in the State are widely scattered in
numerous government and state publications, many of which are
out of print and unavailable. Figure 1 is a map of the State, showing
the principal streams and gaging stations.
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director of the United States Weather Bureau, for the liberal use of
his office records; to the Burlington and Missouri River, the Union
Pacific, and the Chicago and Northwestern railroads, whose coopera-
tion has aided very materially in obtaining the data herein contained;
and to Robert H. Willis, of Bridgeport, and H. O. Smith, of Lexing-
ton, for many measurements at regular and miscellaneous stations.

Thanks are also due to the many persons employed locally as gage-
height observers for their interest and cooperation. Among these
may be mentioned H. E. Dress, of North Platte, who has faithfully
reported daily gage heights for the past twelve years; John Borman,
of Valentine; E. J. Duryee, of Lexington; Burr Taft, of Norfolk; Mike
Hamming, of Arlington; Porter Hannawald, of Bridgeport; and

David Mowery, of Columbus.
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SURFACE WATER SUPPLY OF NEBRASKA. 7

UNITS AND DEFINITIONS.

The volume of water flowing in a stream 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
expressing a rate of flow, properly called the discharge, which may
be expressed in second-feet, gallons per minute, or miner’s inches;
and (2) those expressing actual quantity, properly termed the run-off,
which may be expressed in acre-feet or depth in inches.

“Second-foot” is an abbreviation for cubic foot per second, and
is the quantity of water flowing in a stream 1 foot wide, 1 foot deep,
at a rate of 1 foot per second. It is generally used as a fundamental
unit from which others are computed.

““Gallons per minute” is generally used in connection with pumping
and city water supply.

The “miner’s inch” is the rate of discharge of water that passes
through an orifice 1 inch square under a head which varies locally.
It has been commonly used by miners and irrigators throughout the
West, and is defined by statute in each State in which it is used. In
most States, including Nebraska, the California miner’s inch is used,
which is the fiftieth part of a second-foot.

“Discharge per square mile” is applied to the average number of
cubic feet of water flowing per second from each square mile of area
drained, on the assumption that the run-off is distributed uniformly,
both as regards time and area.

“Run-off in inches’’ is the depth to which the drainage area would
be covered if all the water flowing from it in a given period were
conserved and uniformly distributed on the surface. It is used for
comparison with rainfall, which is expressed in depth in inches.

“ Acre-foot” is equivalent to 43,560 cubic feet, and is the quantity
required to cover an acre to the depth of 1 foot. It is commonly
used in connection with storage for irrigation work. There is a con-
venient relation between the second-foot and the acre-foot. One
second-foot flowing for twenty-four hours will deliver 86,400 cubic
feet or approximately 2 acre-feet.

The following is a list of convenient equivalents:

1 second-foot equals 50 California miner’s inches.

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,272 gallons for one day.

1 second-foot equals 6.23 British imperial gallons per second.

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

1 second-foot for one year equals 0.000214 cubic mile; equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.

1 second-foot falling 10 feet equals 1.136 horsepower.
100 California miner’s inches equal 15 United States gallons per second.
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100 California miner’s inches equal 77 Colorado miner’s inches.

100 California miner’s inches for one day equal 4 acre-feet.

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

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

100 Colorado miner’s inches equal 130 California miner’s inches.

100 Colorado miner’s inches for one day equal 5.2 acre-feet.

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

100 United States gallons per minute for one day equal 0.44 acre-foot.

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

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

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

1 acre-foot equals 325,850 gallons.

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

1 inch deep on 1 square mile equals 0.0737 second-foot per year.

1 inch equals 2.54 centimeters.

1 foot equals 0.3048 meter.

1 yard equals 0.9144 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 1,760 yards; equals 5,280 feet; equals 63,360 inches.

1 square yard equals 0.836 square meter.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet; equals 4,840 square yards.

1 acre equals 209 feet square, nearly.

1 square mile equals 259 hectares.

1 square mile equals 2.59 square kilometers.

"1 cubic foot equals 0.0283 cubic meter.

1 cubic foot equals 7.48 gallons; equals 0.804 bushel.

1 cubic foot of water weighs 62.5 pounds.

1 cubic yard equals 0.7646 cubic meter.

1 cubic mile equals 147,198,000,000 cubic feet.

1 cubic mile equals 4,667 second-feet for one year.

1 gallon equals 3.7854 liters,

1 gallon equals 8.36 pounds of water.

1 gallon equals 231 cubic inches (liquid measure).

1 pound equals 0.4536 kilogram. ]

1 avoirdupois pound equals 7,000 grains.

1 troy pound equals 5,760 grams.

1 meter equals 39.37 inches. Log. 1.5951654.

1 meter equals 3.280833 feet. Log. 0.5159842.

1 meter equals 1.093611 yards. Log. 0.0388629.

1 kilometer equals 3,281 feet; equals five-eighths mile, nearly.

1 square meter equals 10.764 square feet; equals 1.196 square yards.

1 hectare equals 2.471 acres.

1 cubic meter equals 35.314 cubic feet; equals 1.308 cubic yards.

1 liter equals 1.0567 quarts.

1 gram equals 15.43 grains.

1 kilogram equals 2.2046 pounds.

1 tonneau equals 2,204.6 pounds.

1 foot per second equals 1.097 kilometers per hour.

1 foot per second equals 0.68 mile per hour.

1 cubic meter per minute equals 0.5886 second-foot.

1 atmosphere equals 15 pounds per square inch; equals 1 ton per square foot; equals
1 kilogram per square centimeter.

Acceleration of gravity equals 32.16 feet per second every second.
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1 horsepower equals 550 foot-pounds per second.

1 horsepower equals 76 kilogram-meters per second.

1 horsepower equals 746 watts.

1 horsepower equals 1 second-foot falling 8.8 feet.

1% horsepower equals about 1 kilowatt.

Second-feet
11

on water wheel realizing 80 per cent of theoretical power.

To calculate water power quickly: =net horsepower per foot of fall

STREAM MEASUREMENTS.
GENERAL METHODS.q

Discharge measurements are usually made with a current meter
from a suitable bridge or cable, or, if the stream is shallow, by wading.
The rate of discharge in cub1c feet per second is the product of the -
area of the cross section of the stream in square feet and the mean
velocity in feet per second. The mean velocity can not be obtained
by direct measurement. It is usual, therefore, to divide the stream
into a number of sections, and the velocity measured in each section
is assumed to be the mean velocity for that section. The total dis-
charge is the sum of the discharges in the several sections. Evidently
the smaller the sections the more nearly the results so obtained
approach the actual discharge.

In -obtaining records of the daily discharge of streams the usual
method employed is, briefly, as follows:

A gage rod, graduated to feet and tenths, is installed at a suitable
point on the stream in such a position that the elevation of the sur-
face of the water above some arbitrary datum plane can be read
and reported each day by a local observer. The engineer in charge
makes frequent visits to the station for the purpose of obtaining
measurements of the flow by a current meter and noting the gage
height. At the close of the season these measured discharges are
plotted on cross-section paper as abscisse, and the gage heights as
ordinates. Through these points it is usually possible to draw a para-
bolic curve, termed the ‘“rating curve” for that station, from which
the discharge corresponding to any gage height may be obtained.
In order to facilitate the application of such a rating curve, a rating
table is prepared, giving the discharge for all gage heights throughout
the range of the river’s stage at intervals of tenths of a foot or less.

If the bed of the stream is composed of permanent material not
greatly affected by the scouring effect of floods, the rating table
may be expected to remain fairly constant from year to year, and the
discharge measurements to conform very closely to a single rating
curve. If, on the other hand, the bed of the stream is composed of

o For a more complete discussion of the methods employed by the United States Geological Sun}ey
in making stream measurements, see Water-Supply Paper 94 (Manual of hydrography) or the intro-
duction to Water-Supply Paper 201.
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loose shifting sands or silt, continual changes in the cross section of
the stream result from the natural flow of the water, and large and
sudden changes may be caused by floods. In such streams gage
height and discharge may exhibit little or no conformity of relation,
and therefore no single rating curve can be prepared that will cor-
rectly express this relation for any considerable period of time. More-
over, in any stream it is not sufficient, for reliable results, that the
measuring section be located at a point where the bed is permanent,
for even at such a point, if the stream bed immediately above and
below this point is unstable, the slope of the water surface, and henge
the velocity, of the stream will be greatly affected. In all such
streams a single curve is applicable only for a limited period of time.

Almost without exception the streams of Nebraska are character-
ized by beds and banks of loose, shifting sand. Experience has
shown that the only way in which reliable records of daily flow can
be obtained for such streams is by the construction of measuring
weirs or by making daily current-meter measurements. The ex- .
cessive cost of either method prohibits its use, and it has therefore
been possible to obtain only approximate results.

STOUT'S METHOD.

Even approximate results, however, have been made possible
only through a method now known among hydrographers as ‘““Stout’s
method,” devised by O. V. P. Stout, professor of civil engineering in
the University of Nebraska, and first described by him in the Nine-
teenth Annual Report of the United States Geological Survey, part 4,
pages 323 et seq.

Briefly, this method merely minimizes the amount of labor other-
wise involved in the preparation of a number of rating tables, each
applicable for a limited period of time. It consists essentially in using
a permanent rating table for each station and correcting the observed
gage heights to what they presumably would have been were the bed
and banks of permanent material. First, it is assumed that the
changes occur at a fairly uniform rate between times of successive
measurements. This assumption necessitates measurements at criti-
cal times when the rate of change is not uniform. As an example
of the effect of a shifting bed on the relation between gage heights
and discharge, two gagings made in 1903 on Loup River at Columbus
may be given: March 20, gage height 5.10 feet, discharge 6,074
second-feet ; May 7, gage height 5.10 feet, discharge 3,409 second-feet.
In forty-eight days the bed of the stream so changed that for the same
gage heights the discharge was only about half as much as at the
earlier measurement.

Suppose that the bed of the stream was not subject to fluctuations,
and there was available a rating table prepared on this basis, giving

/
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FiGURE 2.—Cross sections of Loup River at Columbus.
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the discharge of the stream for all gage heights. Taking the dis-
charge found on March 20 above and entering such a rating table,
we find the gage height required to give this discharge. The differ-
ence between the observed gage height and that taken from the rating
table is the correction to be applied to the gage heights for that day.
Graphically the correction is the distance between any plotted point
of measurement and the eurve, measured parallel to the gage-height
axis, plus if the point falls below the curve and minus if above. In
a similar manner the correction for the measurement of May 7 is
obtained. No flood occurred between these dates (see gage heights,
pp- 122-123), and there is no reason to believe that changes in the

///

e

6.5 /

6.0

o
«

Gage heightinfeet
w
°

4.5

I 2 3 4 5 6 7 8 9 w0 Il 12 13 4 15 & 17
Discharge in thousand second-feet

FIGURE 3.~—Rating curve for Loup River at Columbus. ‘

stream bed occurred at other than a fairly uniform rate. The cor-
rections to be applied for intermediate dates are obtained by direct
interpolation or more accurately read from a correction curve.

It is evident from a study of this method that practically the same
results are obtained by it as by the use of a series of rating tables,
each applicable for a short period of time. Of course the ideal rating
table does not exist, and the one used is that one which conforms the
best to all measurements made at the gaging station.

Owing to the rapid velocities and the large quantities of water that
are at times discharged, perhaps no stream shows such utter lawless-
ness as Loup River. Figure 2 illustrates by means of cross sections,
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obtained from five successive discharge measurements, the changes
that may occur in this stream. As indicated by these sections there
is very little fluctuation in the water surface, but within the period
of a few weeks the bed of the stream exhibits radical changes which,
however, are not abnormal, as the river remained at an ordinary
stage throughout the period. In figure 3 the discharge measure-
ments made at the Columbus’ station on Loup River are plotted
together with the rating curve from which corrections to gage heights
are obtained. The position of the points seem to be limited only by
the margin lines of the diagram. The curve drawn was constructed
early in the history of the station, and as practically the same final
results would be obtained by the use of any parallel curve it hasnot
been modified. The following table gives the discharge from this
curve at intervals of tenths of feet of gage height:

Rating table for the tndirect application of gage heights for Loup River at Columbus.

Gage Dis- Gage Dis- Gage Dis-
height. | charge. || height.| charge. | height.| charge.
Feet. | Secft. Feet. | Sec.ft. Feet. | Secft
4.0 1,220 5.0 3,000 6.0 7,050

.1 1,300 .1 3,260 .1 7,

.2 1,400 .2 3, 550 .2 8,750
.3 1,510 .3 3,890 .3 9,750
.4 1,660 .4 4.300 .4 9,750
.5 1,820 .5 4,740 .5 | 10,750
.6 2,040 .6 5,180 .6 | 11,750
7 2,260 .7 5,620 7| 13,750
.8 2, 500 .8 6,060 .8 14,750
.9 2,740 1 .9 6,500 .9 | 15,750

To illustrate more clearly the method of applying corrections to the
gage heights, the records for the year 1903 are given as an example.
The following table gives the results of measurements made at this
station during that season, showing the gage height, the discharge,
the corrections to be applied as determined from the above rating
table, and the gage heights as corrected:

Drscharge measurements made on Loup River at Columbus, 1903.

Gage height (feet). Discharge
Day. Hydrographer. (second-
Observed. | Correction. | Corrected. |  feb)-

Mar.20............ J.C.8tevens.......c.o.ooooi... 5.10 +0.70 5.80 6,074
Apr.3. ..ol do...... 5.00 + .30 5.30 3,905

E: 2 R P do..... 5.10 + .05 5.15 3,409
June1t...........|..... Ao ool 5.12 [} 5.12 3,432
June 27.... . ... . 0..... [ 5.05 — .10 4.95 2,799
July 10 ..do. 4.67 + .30 4.97 3,022
July 17 ..do 5. 56 0 5. 56 5,022
Aug. 1 ..do. 6.78 0 6.78 14, 580
Aug. 18 ..do.. 5.13 + .20 5.33 4,177
Sept. 19 F. C. Murphy . . - 4.49 + .35 4.84 2,644
Sept. 29 o J.C.Stevens. .. oiioioiiiiiiiiians 4.40 + .35 4.75 2,328
0ct.30.....ceneeeafannn. L 2P 4.61 + .25 4.86 2,607
Dec.20. .. .. ........... [ L N 6. 50 —1.80 4.70 2,280
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If all the corrections so obtained are plotted as ordinates and
time in days as absciss®, a curve called the correction curve is ob-
tained. The ordinate to the curve gives the correction for that day,
positive or negative as the case may be, which should be applied to
the gage height reported by the observer. The corresponding dis-
charge is then taken from the rating table, the corrected gage height
being used. To illustrate: The gaging of March 20, 1903, shows a
discharge of 6,074 second-feet, with a gage height of 5.10 feet. Enter-
ing the rating table with this discharge, we find that a gage height of
5.80 feet would be required to give this discharge. The correction
to be applied to the gage height on March 20, therefore, is +0.70.
On April 3, with a gage height of 5.00 feet, the discharge was found

JAN. | FEB.| MAR.| APR. | MAY [JUNE |JULY | AUG. |SEPT,| OCT. | NOV. | DEC.
1020 | 1020 1020 | 1020 | 1020 [ 1020 | 1020 | 1020 | 1020} 1020 | 1020 1020 |
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-3 \ V.
-4
1
. Vad
81
! —~
2.9 —
-2
-3
+. R
izé LY
nI‘ N
O+Zg AR A
o+ 7
=1 ~
~.e
.,’:*3% w~ -
O""]{\ Z -
-, 4
..

FIGURE 4.—Correction curves for Loup River at Columbus.

to be 3,505 second-feet, which would require a gage height in the
rating table of 5.30 feet; and the correction to be applied to the gage
height on April 3 would, therefore, be +0.30. Similarly on May 7
the correction is found to be +0.05. On June 11 the correction to
gage height is found to be practically zero; on June 27 it is —0.10.
On July 4 and 5 an excessive flood occurred, shortly after which, on
July 10, the correction to gage height was found to be +0.30. On
July 17 it had dropped to zero again, where it continued until the
flood on August 15, after which positive corrections ranging from
+0.20 to +0.35 are required to the end of the season. The correc-
tion curves for the years 1901 to 1904, inclusive, are shown in figure 4,
a study of which will show that these curves determine to a greater
or less extent the changes which take place in the bed of the
stream., :
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Taking the curve for 1903, and imagining a mean condition of the
bed of the stream, on each side of which these fluctuations may be
assumed to occur, we readily see that a positive correction to the
gage heights will indicate that the bed of the stream has been washed
out below that of the mean bed; in other words, that the cross-sec-
tional area of the stream at the gage has been enlarged so that a
greater quantity of water can pass the gaging section without increas-
ing the gage height, or that changes above or below have unduly
increased the velocity. On the other hand, a negative correction to
gage height indicates that the bed of the stream has filled in and the
cross-sectional area is less than that which would otherwise be indi-
cated for the same gage height, or that the velocities have been
unduly retarded.

The slope of the correction curve also indicates the direction in
which these changes are occurring. Thus if the curve slopes down-
ward in the direction of time, it indicates that the bed of the stream
at this point is being filled; and if it slopes upward in the direction of
time it indicates a scouring effect. For example, it appears that
from March 20 to June 27, 1903, the bed of the river was gradually
filling up, and that from about May 7 to June 11 the bed of the river
was practically stationary and very nearly conformed to the mean
condition heretofore mentioned. About July 5 there was an ex-
cessive flood that had the effect, as indicated by the direction of the
correction curve, of scouring out the channel, which, however, almost
as quickly filled in as the flood receded, continuing nearly stationary
till the end of the month, when another flood occurred that again
scoured out the bed of the stream. Large floods in the middle and
the latter part of August kept the bed scoured out throughout the
month of September, but it filled in very gradually during October.

It is interesting to note the general resemblance which these curves
bear to one another. On the breaking up of the ice in the spring the
bed is usually washed out, but during the spring months it is grad-
ually filled in. In July and August floods occur without regularity
from year to year, and may or may not have their effect on the form
of the correction curve.

METHODS OF COMPUTATION.
USE OF FORMULAS.

The field notes of a discharge measurement by current meter give
(1) depth of water in the cross section, usually at regular intervals
from an initial point; (2) the number of revolutions of the cur-
rent meter in a given number of seconds observed at each point of
depth measurement from which the velocity at these points can be
determined,
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A number of formulas are in use for computation of the discharge
from field notes, no two of which will give exactly the same results;
yet all give results well within the limit of accuracy of the measure-
ment itself. It is therefore economy of time and energy to adopt
the simplest formula. Consider the rate of discharge as the volume
passed over in one second of time by all the particles of water in a
plain cross section of the stream. The advancing face of such a
volume will be a curved surface, usually concave, in both horizontal
and vertical projection, to the planes of reference. The vertical sec-
tions of this surface are termed vertical velocity curves, and the
horizontal sections horizontal velocity curves. In the field the
attempt is made to determine the mean velocity in the vertical by "
methods described in detail in the introductions to Surface Water-
Supply Papers for 1906 (Nos. 201-214).

The computation of discharge is therefore simplified to the opera-
tion of finding the cubic contents of the volume generated by moving
each vertical in a plain cross section a distance downstream equal
to the mean velocity in that vertical. Of such a volume all horizontal
secticns are bounded on the advancing face by the same curved line
and all vertical sections are rectangles whose areas are the product
of depth by velocity at that point. Any formula which will not
lend itself to the determination of the cubical contents of such a
volume can not legitimately be used as a discharge formula.

Let d,, d,, d,, etc., be depths measured at regular intervals I from
the initial point. Let v, v,, v, etc., be corresponding velocities.
The volume of discharge is made up of a series of prismoids each of
length I bounded by the ‘‘end areas’ d,v,, d.v,,dv;, etc. The volume
of each prismoid is given by the prismoidal rule—

fZ:é [d1171+4 <(Z1‘2|‘d2> (’Ul ;%) +d2’02]

and the total discharge is the sum of the volumes of all such prismoids.
This of course involves the assumption that velocities and depths
vary uniformly between points of measurement, and in practice
measurements should be made close enough together to conform to
this assumption.

THE HARLACHER FORMULA.

The preceding formula is too cumbersome for practical applica-
tion, and a substitute approximate formula, now generally known as
the Harlacher method, has been used almost exclusively in Nebraska.
It consists essential]y in considering a prismoid of length 27 so that
the mid-area is actually measured and not computed. The formula
for a prisimnoid of length 27 becomes—

g= E(dl/ul + 4d21)2 +d3/03)
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By adding the volumes of successive prismoids the total discharge
1s expressed in general as follows: Where 4 is substituted for (dv) and
n is an even number,

l
g=§[h0+4(h1+h3-|— coihy ) F 20 by L Ry ,) Ry

It is evident that this is merely Simpson’s ‘“one-third rule” for
the area of irregular figures, except-that the areas are substituted
for ordinates. In the original presentation of the method the dis-
charge was considered as proportional to the area bounded by a
curve the ordinates to which were the products of depth by velocity
at all points.

The errors involved by the use of this formula are indeterminate
except for specific cases. If the horizontal velocity curve is con-
tinually concave to the axis of reference the error is small; if, on the
other hand, the direction of curvature is reversed several times, the
error may be large and different results may be obtained from the
same set of field notes, if different points are taken as the beginning
of application of the formula.

As previously stated, however, the errors of computation are
insignificant compared with those of observation.

'

ACCURACY AND RELIABILITY OF STREAM-FLOW DATA.

~In the analysis of hydrographic data for any particular purpose a
question often arises as to the accuracy and reliability of the records,
that is, how nearly do the figures given for the estimated discharges
conform to the actual volume of flow? The errors resulting from
observations of depth and velocity in making discharge measure-
ments, the permanency of the rating curve, the reliability of the
local observer, the frequency of making observations of gage heights
and discharge measurements, the nature of the stream as to perma-
nency of bed and fluctuations of velocity, and the local conditions
surrounding the gaging station must all be considered in answering
this question.

The errors of discharge measurements have been made the subject
of special study by various hydrographers. One of the most com-
plete discussions of the subject is that published by the United States
Geological Survey in Water-Supply Paper 95, entitled ‘“Accuracy. of
stream measurements,” by E. C. Murphy.

That too much ‘dependence is often placed on the results obtained
is evident on consideration of the various errors that make up the
total error of a discharge measurement. For example, a measure-
ment made with a current meter is subject to errors in the meter
rating, in measuring depth, and in counting the revolutions of the
meter vane, all of which may be termed accidental errors. In addi-’

72607—IRR 230—09——2

.
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tion there are the errors resulting from the fluctuations in velocity
from the change of stage during the time of measurement, from the
effects of wind, and from the impracticability of determining with
absolute accuracy the mean velocity in any vertical, all of which -
have a material and largely indeterminate effect on the discharge
measurement.

No definite general figures can be given for such errors, as they are
different in every case. It would be possible to determine the errors
in the meter rating, in counting the revolutions of the meter vane,
and in measuring the depth, but such determinations are of little
value if the more important errors due to fluctuations of velocity
and stage are omitted.

For example, if, instead of the prismoidal formula on page 16, we
consider an elementary volume of discharge extending a distance
1l on each side of a point where depth and velocity are measured,
the discharge through such a section will be ¢ =ldv. Now, let »=error
involved in measuring the depth; »,=error involved in measuring
the corresponding velocity; e=error of discharge ¢ in a single prism
of length I.  From the law of facility of errors for nonlinear functions
the error of discharge in a single prism is expressed by—

dg\? dg™\?
ROREY

But % =M and %q) =ld. Substituting & =B(@r=* +rd?).

"Now, if r and r, be expressed in percentages of d and v, respec-
tively, the above equation reduces to e =Pd*?*(r* +r,?), and since Idv-
is the discharge through the section the percentage of error of the

discharge isé =\/r*+r?; that is to say, the percentage of error in the

discharge of a section is the square root of the sum of the squares of
the errors involved in measuring the depth and velocity expressed in
percentage. Thus, if depth error is 3 per cent and velocity error 4 per
cent, the resulting error in the discharge is 5 per cent. As a matter
of fact, the errors of measuring depth and velocity are not properly
expressed in percentages, but rather as absolute quantities. The
error in velocity determinations rather than the error in depth deter-
minations will in general govern the error of discharge.

In July, 1904, two series of measurements were made on Loup
River, at Columbus and Niobrara River at Valentine, for the purpose
of determining the accuracy resulting from gaging as ordinarily made
at these stations.

At the Columbus station measurements were made from a cable
and car which spans the river about 75 yards above the Union Pacific
Railroad Bridge. The channel at the time of the measurements was
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515 feet wide. The depths varied from 1 to 7 feet and the velocities
from 1 to 5 feet per second. The bed of the stream is composed
entirely of loose, shifting sand, which, considering the swiftness of
the current, made it impracticable to measure depths with an error
of less than about 0.3 foot in the swiftest water. Individual velocity
determinations are probably accurate within 5 per cent.

The gagings were made in four sets of two each. In sets A, B, and
C the two gagings were made simultaneously by two hydrographers
operating from different ends of the car, so that each gaging is entirely
independent of the other. Depths and velocities were measured at
123-foot intervals, the initial point of each gaging in the set being
different. In these three sets the 0.6 method of obtaining mean
velocities in the vertical was used. In set D one gaging followed
the other, and velocities were taken by the integration method. Set
A was made July 29, and sets B, C, and D on the 31st; but the change
in the river stage was so slight that the two days’ work has been con-
sidered together.

It has been assumed that the differences in the discharges obtained
were due mainly to two general causes: (1) Errors in fluctuation,
including the slight changes in the stage and fluctuations of velocity;
(2) accidental errors, which include errors in measurement and
observation. _An attempt has been made to eliminate in part the
errors due to change of stage by referring the discharges to a mean
gage height. Forexample, the mean of the several mean gage heights
is 4.80; the mean gage height of the first set of gagingswas4.82. The
difference is 0.02, which corresponds to an increased discharge of 28
second-feet over that which would have been obtained had the
gaging been made with a gage height of 4.80, other conditions remain-
ing the same. The large error of the first gaging—518 second-feet—
may be accounted for in part by the fact that an insufficient weight
was tied on the meter, thus allowing the depths to be recorded in
excess of what they actually were, the meter being carried down-
stream by the swift current. This souree of error was eliminated in
the remaining measurements.

It appears from an examination of the table below that gagings
at this point with an error of less than 15 to 20 per cent need not be
expected, unless exceptional precautions are taken.

It must be borne in mind that ‘“standard cross sections’ can not
be used on streams of this class. Cross-sectional areas must be
determined at each time of gaging. The area, and hence the dis-
charge of the first measurement, are undoubtedly in error, as explained
above. Nevertheless the result is all the more valuable as indicating
" what might have happened had the hydrographer been content with
this one measurement for fixing this portion of the rating curve for
theseason. Crosssections at this station are shown in figure 2 (p. 11).
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Discharge measurements or, Loup River at Columbus to determine degree of accuracy re-
sulting from gagings as ordinarily made.

Time of gaging.
* No. of Method of gaging
Set. | No. Date, 1904. H obtaining
meter. velocities.
>+ | Beginning. Ending. | Duration.
Hrs. min.
A { 1 342 0.6 | 11.00 a. m 1.00 p. m 2 0
Tt 2 347 L I do...... ....doo.... 2 0
B 3 342 .6]10.15a. m 12.00 m 1 45
4 347 N PO do...... w.odo... 1 45
c { 5 342 .6 1240 p. m 2.00 p. m 1 20
J 6 347 .6 . O...... ....do. 1 20
D { 7 342 (Integration.| 200 p. m....| 3.05 p. m 1 5
l 8 342 |....do..... 3.05p.m.. 410p. m 1 5
Gage height (feet). )[ Discharge
%’;"";“s;f l{ear; | Discharge f%orré%(;tnege ggsldm}l\u Qm—Q’
Set. | No. section | o090y 1. Q) of stage (Qm—Q) .
Begin-| End- (square (feet per 1 ‘(second- Q" (second- Q'm
ning. | ing. Mean. Teot). second). |  feet). (sécorid— feet). |(per cent).
! feet). i
N |
A | { 1] 482| 48| 48 1,274. 2.64 3,376 3,348 —518 —18.3
2 4.82 4,82 4.82 1,130 2.57 2,896 2,868 - 38 — L3
B { 3 4.77 4.77 4.77 1,036 2.63 2,723 2,763 + 67 + 2.4
R 4 4,77 4.77 4.77 1,067 2.60 | 2,778 2,818 + 12 + 0.4
c 5 4.77 4.80 4.78 1,084 2.52 2,737 2,765 + 65 + 2.3
- 6 4.77 4. 80 4.78 1,018 2.78 2,826 2,854 — 24 —08
D 7 4.80 4.80 4.80 1,020 2.44 2,492 2,492 +338 +12.0
b 8 4.80 4.80 4. 80 1,045 2.61 i 2,734 2,734 + 96 + 3.4

a Q’m=mean value of Q'=2830.
NOTE.—Warm, still day. Conditions favorable for good results. Gagings and computations by J. C.

Stevens, assisted by O. H. Timmerman.

A similar series of measurements was made on Niobrara River at
Valentine. The same general method of referring the discharge to
the mean gage height was adopted in order to eliminate the effects
of fluctuations of the water surface. The reading of the gage was
checked before and after each gaging by measuring down to the
‘water surface from a permanent point on the bridge. The gagings
were made from a single-span steel bridge, the tubular piers of which
did not obstruct the channel. The bed of the stream is made up of
sand mixed with bowlders and cobblestones. The depths varied
from 1 to 2 feet and the velocities from 1 to 5.5 feet per second. The
depths have an error of about 0.2 foot, and individual measurements
of velocity are probably accurate within 4 per cent. The width at
the upstream side of the bridge was 115 feet and at the downstream
side 123 feet. Observations were taken at intervals of 5 feet, a.dif-
ferent initial point being used in each measurement.

A number of duplicate measurements have been made at this
point from time to time, the results of which are also shown below.

The results appear to show a greater degree of accuracy than
might be expected in view of the conditions. Yet it is believed that
measurements at this point can be made with' errors not exceeding
4 or 5 per cent. ’



METHODS OF STREAM MEASUREMENT, 21

Discharge measurements on Niobrara River at Valentine, July 11, 1904, to determine
degree of accuracy resulting from gagings as ordinarily made.

| . o = ) B~ 8
Time of gaging. Ga‘%’fe&%'ght S A& g ib’ S
. - N .
§,.; 3 § Lo ‘E’; =
Method <1 21542 |84 158 8
ofob- | gaoop g 2| p3 521505185 o
No.| taining | 1099 g 52158 |98 (8588 &
veloci- % | Begin. A £33 9 (g 3|58
ties. ning Ending. é% é é}) ) "5@ g g E gg %\% \O‘ .
E 5|3 5lz |8 (2 [B88E | Lo
A Rla |8 < |’ A PR ~ <3
1 0.6 Upstr. 8.25a.m.| 9.15a.m. 50 11.43 [1.45 1.44! 197 | 3.86 | 761 | 783 (—16 -
2 .6 | Downstr. | 9.40 a.m.{11.15 a.nt.| 95 [1.45 {1.52 [1.48 ) 194 | 3.90 | 756 | 760 |+ 7 +0.9
3 .6 Upstr. 3.10 p.m.| 3.45 p.m.| 35 |1.54 1.52 [1.53 197 | 4.07 | 801 | 782 |+15 +2.0
4 .6 | Downstr. | 3.45 p.m.| 4.15 p.m.| 30 [1.52 [1.50 |1.51 | 184 | 4.09 | 752 | 743 |+24 +3.1
5 | Integr. (....do....| 415 p.m.[ 500 p.m.| 45 ‘1.50 1.44 11.47 189 | 4.02 | 760 | 769 (— 2 3
a Q'm=mean value of Q’'=767.

NoteE.—Warm, still day. Conditions favorable for good results. Gagings and computations by J. C
Stevens. Meter No. 347.

Duplicate discharge measurements made on Niobrara River at Valentine.

Date. Hydrographer. hg’é%et Discharge. %E%( per cent).a
. 1 2
155 873
L3 ins } 11.2
1
5 I vos
157 640 } +3.3

e The mean of the two gagings was assumed to be the correct discharge and the per cent of error computed
. 12 (Qi—Qg) 100,

on this basis; that is, 1/2 (Q1— Qg) is the residual and BTN is the percentage of error,

From the foregoing discussion it is evident that individual measure-
ments are liable to an error of 5 to 20 per cent. The errors resulting
from external sources, such as unreliability of the observer’s reports;
from the assumption that a single gage-height observation or the
average of two observations is actually the mean for the day; from
the error of using a mean gage height for finding mean daily dis-
charges; and from the unknown and largely indeterminate effect of
climatic conditions at the station from day to day can be only a
matter of eonjecture.

The true worth of a hydrographer lies not so much in being able
to measure streams accurately and develop correct discharge curves,
as in having a logical conception and a working knowledge of the
actual worth of hydrographic data. This knowledge can not be
obtained from books.
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RELATION OF RAINFALL TO RUN-OFF.
LIMITATIONS OF RAINFALL RECORDS.

It is hardly necessary to say that in any region where a knowledge
of the distribution and duration of the various rates of stream dis-
charge is a requisite for its proper development, no method of obtain-
ing that knowledge can compare in reliability with actual systematic
stream measurements, extending over a period of several years. It
will also be evident after a little investigation that records of rainfall
are entirely inadequate for this purpose. It is, however, frequently
necessary to make some estimate of the quantity of water yielded
by a particular drainage basin on which no systematic records of
stream flow have been kept. For this purpose it is almost useless
to attempt the determination of the time distribution of the various
rates of discharge, but efforts must be confined to discovering either
the mean annual yield, the quantity supplied year by year, or that
supplied during distinct climatological periods of the year.

A consideration of some of the natural conditions affecting the
relation between the discharge of a stream and the precipitation on
its watershed will substantiate this statement. As all flowing water
must at some recent period have passed through the state of pre-
cipitation, it follows that there must be some definite relation
between rainfall and run-off, and the fact that it can not be deter-
mined is merely proof that all the conditions influencing this relation
are not taken into account. These conditions are best illustrated by
concrete examples. Consider first the simplest possible case, that
of an impervious roof of known area and known slope from which
the water is conducted by eave troughs over a weir to a reservoir.
Assume also a rain gage in place to determine the precipitation. .
The effect of evaporation being disregarded, the total quantity
falling on the roof in any period of time will later appear in the reser-
voir and should be equivalent to the depth shown by the rain gage
multiplied by the horizontal projection of the roof area. The deter-
mination of the rate of run-off is a different problem, for to find this
it is necessary to know the rate of rainfall; then from observations
of the rate of flow over the weir, the storage capacity of conduits to
the weir, and the rate at which water was stored therein, it would
be possible to determine the relation between the rate of rainfall and
the rate of run-off for that particular roof, at that particular angle,
with that particular system of conducting the water therefrom.
The mean rate is of course the total quantity precipitated divided
by the time, but that is merely expressing quantity in another unit.
The maximum rate would be indeterminate without elaborate prep-
arations. .

If, instead of the smooth impervious roof, an area of sod, soil,
sand, and gravel of unknown thickness is considered, the quanti-
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tative determination could even in this case be made, but account
would have to be taken of the previous saturated condition of the
material and the evaporation, as the observations would have to be
extended over a much longer period of time to attain any degree of
accuracy. The maximum rate of run-off could be determined for
only that particular condition of saturation existing previous to the
rainfall.

When it is realized that the conditions in nature are far more com-
plicated than can be illustrated by a simple case like those cited—
that the precipitation occurs under all climatic conditions from
torrential cloud-bursts of a few minutes’ duration to gentle showers
lasting for weeks, from driving blizzards on frozen ground to fleecy
snows that melt into slush during the day and freeze at night; when
it is considered that records of precipitation at best are only approxi-
mations, with rarely any attempt at rate determination, and that
frequently stream-flow data are quite as inaccurate and incomplete,
it is evident that little will be gained by a laborious analysis of
rainfall records when a common-sense guess will frequently furnish
just as reliable data.

George W. Rafter, in a report on the relation of rainfall to run-
off ¢ says: “In computing the run-off of various streams, small dis-
crepancies will continually appear; when such do not exceed 1 to 2
inches they are outside the limits of discussion.” Now, 2 inches is
four times the annual run-off from the drainage basin of Republican
River, and practically all streams of the western plains are excluded’
from his discussion; yet many instances can be cited where engineers
have applied to streams in the arid West the formulas developed for
streams in the eastern, humid part of the United States, and with
this flimsy foundation built works of considerable magnitude, only
to find themselves outwitted by nature.

It is therefore high time that some actual facts and figures were
given and the marked individuality of the streams of the plains in
this regard forcibly pointed out. Negative information is often the
most valuable, and of this there is no lack.

RUN-OFF FORMULAS.

It is evident that a determination of the rate of stream discharge
from records of rainfall is practically out of the question, and that any
quantitative analysis is énly the roughest approximation; an exam-
ination of some of the formulas now in use purporting to express this
relation will therefore be of interest.

J. T. Fanning proposes the formula D =200 M*® where D is the
discharge in second-feet and M the drainage area in square miles.
This relation was determined by plotting the flood discharge of
some American streams.

The Ryves formula is D =CM?*3, and Dickens proposes D =CM?4,

o Water-Supply Paper U. 8. Geol. Survey No. 80, 1903.
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In these two formulas C is a sliding coeflicient, depending on the
natural characteristics of the drainage basin. For the Dickens for-
mula C has the following values for flat countries: Where rainfall
of 3.5 to 4 inches in twenty-four hours may occur, 200; for a max-
imum rainfall of 6 inches, 300. The Ryves coefficient varies between
400 and 500 in flat countries.

The application of the Dickens formula, which is perhaps the most
conservative, to Nebraska streams would give the following rates
of discharge, the coefficient used being 200: Elkhorn River at mouth,
5,980 square miles, 139,000 second-feet; Loup River at mouth,
13,540 square miles, 250,000 second-feet; Republican River at Supe-
rior, 22,350 square miles, 366,000 second-feet. If such quantities of
water should ever come down these rivers the damage to life and
property would be incalculable. The maximum recorded discharges
are, for the Elkhorn, 9,600 second-feet; the Loup, 26,000 second-
feet; the Republican, 25,000 second-feet.

It may be contended that these formulas were never intended to
apply to such large areas in dry countries; but Salt River, of Arizona,
with a drainage area at Phoenix of 12,260 square miles, largely
steep, bare slopes, had a maximum observed discharge in 1891 of
about 300,000 second-feet, which would fall very near Dickens’s
curve. When it is realized that Platte and Republican rivers go
entirely dry and that the Niobrara and Loup have a minimum flow
of about 0.1 second-foot per square mile of drainage area under prac-
tically the same conditions of rainfall, the absurdity of attempting
to apply to these streams any formula for minimum rate determina-
tion is at once apparent.

DETERMINATION OF MEAN ANNUAL RUN-OFF.

A quantitative determination of the total yield of a drainage
basin during distinet climatological periods of time can often be
approximately estimated, provided average or normal values are
used for such periods. Moreover, the determination of stream flow
from rainfall records must legitimately be limited to this problem
on account of the large debits and credits at the beginning and end
of short periods of time. To illustrate: The percentage of rainfall
appearing as run-off in a single month will depend, .among other
things, on the saturated condition of the *soil at the beginning of
the month. If the ground water is depleted, a large part of the
precipitation will go to augment the ground storage; if, on the
other hand, the ground water present is greater than the normal
quantity, a much larger percentage of precipitation will run off
from the watershed. Again, if a heavy rainfall appears at the end
of the month the total run-off for that month may be very low
and the rainfall comparatively high, while in the following month
the conditions would be reversed. It is therefore necessary to con-
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sider longer periods of time, and for convenience the year is divided
into two seasons designated the “open season,” from April to Octo-
ber, inclusive, and the ““closed season,” from November to March,
inclusive. In the plains of the Middle West, on account of uncer-
tain ice conditions it is impossible without great expense to obtain
stream-flow data during the closed season, hence the discharge of
Nebraska streams is known only for the open season. In 1897
daily discharges were tabulated during the closed season for Ne-
braska stations from rating curves developed during the open sea-
son, but they are not only incorrect, but grossly misleading. The
writer has seen Platte River frozen practically solid to the bed,
when the position of the water orr the gage, according to the open
season rating curve, indicated a discharge of 4,000 or 5,000 second-
feet. As a matter of fact, there was less than 100 second-feet trick-
ling along under the ice.

SPRING FLOODS ON PLATTE RIVER.

It is popularly believed that the magnitude of the periodic spring
floods on Platte River depends entirely on the quantity of snowfall
on its headwaters during the preceding winter, but this is only
partly true. There are so many other factors, such as the condi-
tions of the soil saturation and the manner in which the winter
snows are melted, that the relation between these quantities is not
at once apparent. In the following table the total run-off, as meas-
ured at North Platte for the flood period of each year, April to July,
inclusive, is compared with the total precipitation on the drainage
basin above that point for the preceding winter season, November
to March, inclusive.

Winter snowfall on headwaters of North Platte River and run-off during follow'mg spring
Jlood period, at North Platte, 1894-1906.

Precip- | Depar- - . Precip- | Depar- . | Depar-
itation | ture R‘#‘ Dt("l};zr itation | ture Roué' ture
Year. Novem-| from A" ril | from Year. Novem-| from | ,00 | from
ber to | aver- | v avecase, ber to | aver- | 2PN | aver-
March. | age Y. average. age. | age. Y age.
3.10 | +-0.16 0.99 0.0 3.24 | 4-0.30 0.61 —0.38
3.06 | + .12 57| — .42 3.59 | + .65 .74 — .25
3.24 | + .30 1.46 | 4 .47 1.46 | —1.48 .86 — .13
2.73 | — .21 .66 — .33 2.28 | — .66 1.38 + .39
5.00 | +2.06 1.62 | + .63 3.02 | 4+ .08 1.13 + .14
1.89 | —1.05 1.05| + .06
2.69 | — .25 84| — .15 2,94 .. ..... B O,

It will be noted that in 1896 the run-off was only about half the
average for the twelve years, although the precipitation was above
the average. This is explained by the fact that during the three
preceding years—1893 to 1895, inclusive (see Table 1, p. 28)—the
precipitation throughout Nebraska and neighboring States was far
below the normal, and the ground water was so greatly depleted
that the larger precipitation in 1896 was used up in restoring the
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ground water more nearly to its normal condition and therefore
did not appear in the stream. The maximum precipitation and
run-off occurred simultaneously in 1898-9 and no doubt resulted
in an abnormal amount of ground storage, so that during the- fol-
lowing season, in spite of the fact that the precipitation was only
about half the average, the run-off was above the normal. The ex-
cessive floods which occurred in the summer of 1905 (see discharge
table for Platte River, p. 54, and Pl. I) were evidently not caused
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FIGURE 5.—Relation of rainfall to run-off in Nebraska.

solely by snowfall in the mountains, as the precipitation for the
preceding winter was far below the normal.

The relation between annual run-off and annual precipitation has
been graphically expressed by F. H. Newell in the form of a set of
curves, now known as the “Newell curves.” These curves are repro-
duced in figure 5, on which are also platted the run-off in inches as
measured at gaging stations on Elkhorn River at Norfolk, Niobrara
River near Valentine, Loup River at Columbus, North Platte River
at North Platte, and Republican River at Bostwick, with the corre-
sponding precipitation in inches on their drainage basins, taken
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from records of the United States Weather Bureau. It is true that
the run-off here plotted is only for the open season, but the pre-
cipitation for the same period is used. If complete yearly records of
run-off were available and corresponding yearly values of precipi-
tation were used, the relative positions of the points would not be
materially altered, as each point would then appear above and to
the right of the position now occupied. Moreover, the distance
they would appear to the right of their present positions would be
small compared with the distance they would be moved upward,
for the reason that the precipitation during the winter months is a
very small proportion of the annual amount (see Table 7, p. 32); but
this difference does not exist for the run-oft factor. In other words,
the percentage of precipitation appearing as run-off is much greater
in winter than during the remainder of the year. If records were com-
plete, it is believed that the mean annual values for Loup and Nio-
brara rivers would not fall far short of the curve for gentle slopes.
The agreement is not so apparent with the other streams.

AVAILABLE DATA FOR DETERMINING RUN-OFF.

As a guide to the quantitative determination of run-off for streams
other than those investigated by the United States Geological Sur-
vey, existing under similar climatic conditions, there is presented
herewith a summary of such data collected on Nebraska streams as
are sufficiently reliable to justify their use in this connection. Table
1 (p. 28), copied from the annual summary for 1906 of the Nebraska
section of the climatological service of the Weather Bureau, gives
the monthly, annual, and seasonal precipitation for the entire State,
with departures from the normal. 'The normal rainfall for the
crop season, April to August, inclusive, is 69 per cent of the annual.

Tables 2 to 6 give the total monthly precipitation on the drainage
areas of North Platte, Republican, Loup, Niobrara, and Elkhorn
rivers, respectively, for the twelve years 1895 to 1906, inclusive,
together with the normal amounts compiled from records of much
longer duration. Each figure in the table is a mean value obtained
from a number of well-distributed stations through the basin. The
precipitation in Nebraska decreases from east to west at the rate of
about 4% inches per hundred miles. It is therefore necessary to
avoid giving too much weight to the records from the eastern por-
tions of the drainage basins, though more of them are available
than from the western portions; that is to say, the rainfall as meas-
ured at any station should be weighted according to the area served
by that station, an indeterminate factor, or care should be taken to
choose stations that serve similar areas. Where records for any
station were incomplete those for an adjoining station have been
used.
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TABLE 2.—Precipitation in drainage basin of North Platte River above North Platte,

1895-1906.

Year Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec. | Annual
Normal..._ ....... 0.45|0.54 | 0.93 | 1.86 | 2.44 | 2,11 | 1.93 | 1.32 | 0.90 | 0.71 | 0.36 | 0.47 13.95
1895. ... ......... .60 | .37 | .55 .69 |1.71/38.36|1.26! .77 | .25| .23 | .65 | .23 10. 67
1896......o.oon... .64 .34 ]1.00) 1.8 /217 2.65) 1.8 | 112 | 57| .70 | .45| .05 13. 40
1897 .ol 37 471 1L76)1.41|1.37|1.26 | 1.55 | 1.96 | .47 [ L.O7 | .60 | .74 13.03
1898. .. il .80 | .23| .79 | 1.12 1434 1.75|1.68| .8 | .78 | .63 | .74 .39 14.08
1899. .. ... ... .80 | .8 |1.64| .79 (3.18 | 1.67 | 1.65}1.23| .51 | 1.22| .45 | .41 14.28
1900 .. .......... 05 .95 .29 (434 .91 .81 239 .58 | 119 .54 .20 .44 12.69
1901.............. 04| .56 100206278 |2.66| .75|117 109 .87 | .25 | .88 14.11
1902. .. ...l .24 .49 11,12 | 1.26 | 2.47 | 2,70 | .75 | .99 | 2.10 | . .14 .94 15.10
1908. ... eoneel.. 19 .01 .98 133203 1.71|2.11}1.79 | 1.56| .51 .26 .22 13. 60
1904.. .. ... .. 241 .25% .75 .99 12.87 297118 | .92 | 109} .99} .02| .21 13.16
1905. .. .c..on.en .04 | .52 | .77 |3.45|3.43 211|267 |1.251.32| .8 | .€2| .14 18.24
1906. . . ..oonaenen. .54 .31 1231 (193|263 |1.71]|1.46|2.04|1.982.07| .87| .71 18.59

River above Bostwick, 1895~

Year. Jan. | Feb. | Mar. | Apr. | May. | June.|July. | Aug. | Sept. | Oct. | Nov, | Dec. | Annual.
Normal........... 0.44 1 0.79 | 1.09 | 2.73 | 3.30 | 3.85 | 3.83 | 2.39 {1 1.90 | 1.18 | 0.52 | 0.48 22.12
1896, ... .......o .51 | .11 .24 12.2812.64 (3.8 (3.201235| .72| .26 .87 | .16 18.34
1896, ... .aon... L3910 .11} .96 (517 }13.34 13.55|2.60 1 2.64 | 1.87 | 1.44) .59 | .13 22. 88
1897 .. ... .39 .61 /1.95(3.95|1.22|4.582.12|3.05|1.40 |3.81| .35| .95 24.38
1898, .. .iio.. .37 | 13| .85 |2.77 | 472 (3.35|2.17 | 1.55 | 4.13 | .8 | .55} .31 21.28
1899. .. o.o.oo..o. .57 | .51 | .86 | . 2.9413.74 |13.67 | L79| .22 | .42| .24 .48 16.09
1900 ... oo.oo.... .04 | 1.45| .80 (4.45|1.50 [2.423.052.28 | 1.54| .87 .28| .27 18.95
1901. ... ... .17 .82 13.16 | 3.28 | .96 |3.13 | 1.10 |3.35 3,97 .75 | .28, .57 21.36
1902 . ..o ... .42 .50 | L14 ] . 5.52 | 4.67 | 5.41 | 2.35 1401 |2.22 | .14 | 1.04 28.28
1903. .. .......... .26 1 2.14) .41 (1.387.14 1.8 1467 3.61| .53 /1.08) .70 .02 23.59
1904. ... . ... 08| .26 .27 (2.7813.37 | 5.4813.23 2.8 |1.8 |2.61 (| .07 .25 23.05
1905. .. .oolalL. .63 | .66 |1.76 | 3.70 | 4.56 | 4.63 | 6.53 | 1.98 | 2.45 | 1.03 | 1.03 | .01 28.97
3906 . ... ... .48 1 .47 12,21 | 492 1.87 (2.02(2.99|2.80 204|253 .67 | .48 23. 47
TaBLE 4.—Precipitaiton wn drainage basin of Loup River above Columbus, 1895-1906.

Year. Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec. | Annual.
Normal........... 0.48 1 0.58 | 1.09 | 2.88 [ 3.18 | 416 | 3.50 | 2.36 [ 2.03 | 1.39 | 0.48 | 0.47 22.70
1895. .. iiiiatt .18 .85 .79[2.06 2.48|4.76| .98 |2.49 | 1.81 | .20 | .84 | .12 17.30
1896. .. . ........ .41 .06 |1.50 |4.84 (2541494412 .80(2.10| L40| .87 .14 23. 55
1897, ... ... .67 | .44 |1.68|3.88|1.26 |4.11 2.53|296|1.16|3.02 | .46} 1.40 22. 39
1898. ... ... .83 .23 | .26 |1.66 | 504234 (2.8 (2.8 1.35| .8 | .43 | .19 18.92
1899 ... .. .16 .46 | .68 | .98 (2.91|3.922.47 1293 | .70 .29 | .57 .99 16. 56
1900. ... ......o... .03 1,01 .35|4.47|2.57 (230|550 (3.67|2.4 |172| .17 | 130 24.35
1901, . ... ... .. .08) .7511.37] 192|161 492 .90 | 158|448 /193] .60 .51 21.05
1902, ... ... .52 | .48 | 1.51 | 1.42 | 4.27 | 4.45 | 6.29 |3.77 | 3.44| 195 .24 | 113 29.45
1903 . ........ .22 | 1.54) .72 |1.56 | 5.46 | 1.68 | 6.88 | 5.01 | .8 [ 1.00| .51 | .15 25. 62
1904. ... .44 .09 .2211.571410(5.53|6.13 |2.41|2.24|3.08| .07 | .16 26. 14
1905. .. .......... .21 .66 .93 (4.15|6.54 |6.07 | 458({1.93 (3.8 .74(1.16 | .08 31.88
1906. . ........... .56 | .32 [ 1.32|5.47 | 2.890|2.06 |2.74|3.52|294|3.12| .93 |1.27 27.03

|
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TABLE 5.—Precipitation tn drainage basin of Niobrara River above Valentine, 1895-1906.

Year. Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec. |Annual.
Normal _........... 0.67 [0.70 | 1.43 | 2.31 | 2.97 [ 3.09 | 2.74 [ 2.05 | 1.12 | 1.09 | 0.51 | 0.61 | 19.20
50| .451214(2.9911.94 (378|111 | .71 | .78| .10 | .80} .12 15.43

58| .34 11,80 12.44)1.4513.63)12.90 | .60}2.35; .95} 139 .20 18.72

.. 1.64| .70 |1.58 | 1.51 | 1.85 | 2.1213.80 |2.20 | .37 | 1.17 | 1.23 | 1.46 19.98

101 .26 .8 |1.08|6.40|1.63 (298|157 .8 | .24 .54 .48 17.65

.42 .56 (2.06|1.00)2.60 2481771270 .25 .94 | .26! .70 15.76

.09 1.10 | .80 401 (249 |2.42|5.743.55|1.52| 145 15| .64 25.05

.03 11.3511.66 ! 1.45 | 1.32 | 7.02 | 1.49 [ 2.44 | 3.38 | 2.31 .95 23.43

.46 11.22 | 1.84 | 1.08 [ 2.60 | 3.73 | 2.26 | 2.77 | 1.34 | .80 41 1.8 19.96

.50 1131 .8L|1.72{3.27 1166|574 |2.81|1.52 63| .09} .23 20.29

.60 | .24 .28 | .70 |2.68 5.08|3.00|2.56 |1.93}1.28 | .08 23 18.64

1.03 { .26 11.09 {2.9015.24 (579 (4511169 .97 (118 .50 16 25. 30

54 44| 1.55 210 (3.22 [ 2.22 { 1.47 { 3.58 | 3.02 | 2.99 | .60 81 22. 54

TABLE 6.—Precipitation in drainage basin of Elkhorn River above Norfolk, 1895-1906.

Year. Jan. | Feb. | Mar. | Apr. |May. |June.  July. | Aug. | Sept. | Oct. | Nov. | Dec. |[Annual.
1.13 1 2.95 | 3.80 | 415 | 3.73 | 3.08 | 2.48 | 1.63 | 0.59 | 0.61 25.26
1.38 | 4.78 13.11 [ 6.34| .65 )4.05 251 .03 .04 24.08
1.05 | 6.57 [ 2.53 | 5.21 | 5.22 | 1.25 | 2.47 | 2.24 | 2.19 | .10 29.11
1.67 | 4.02 | 1.17 | 3.65 | 2.74 | 2.77 | 2.09 | 3.05 34| 1.46 24.64

L7211 1.59 | 497 | 456 | 2.54 (242 | 1.23 | 1.09 35| .30 20.95
.66 | 1.01 | 5.72 | 4.67 | 2.66 | 3.06 | 1.04 | .72 4| .75 21. 656
.93 |5.21 {3.05({2.104.62 | 3.53 {3.29 | 3.12 191 .27 27.36
1.41 1 2.06 | 2.46 | 8.37 | .58 | .96 | 7.62)2.05 107, .71 27.92
1.37 | 1.86 | 2.71 | 5.51 | 6.61 | 4.57 | 4.75 | .81 18 | 1.51 30. 44
1.25 | 2.35|7.22 |1 2.8 [ 6.50 | 5.52 | 1.14 | 1.80 | 1.09 14 31.23
.34 (1,61 13.74(5.35(44413.70|1.8 148 | .17 31 29.29
1.43 1 3.30 | 8.51 | 5.00 | 3.04 | 2.26 | 6.01 | 1.42 | 1.70 0 34.45
.99 | 4.95|3.29 | 3.22|1.62|3.47|5.18|3.54 1.22 29. 55

From the foregoing precipitation tables and from discharge data
collected in the State, Table 7 has been prepared. This table gives
the total run-off as measured at the gaging stations on North Platte
River at North Platte, Republican River at Bostwick or Superior,
Loup River at Columbus, Niobrara River near Valentine, and Elk-
horn River at Norfolk, for the seven months of the open season,
from April to October, inclusive. This run-off is given both in
inches of depth and in percentages of the rainfall on the respective
catchment areas for the corresponding period. The rainfall is
given both in inches of depth for the season and in percentages of
the total annual amounts. It will be noticed that for five winter
months the precipitation is only 15 per cent of that for the entire
year. The average run-off during the seven months of the open
season on North Platte and Loup rivers is 10 per cent of the precipi-
tation for the corresponding period; Niobrara River indicates only
6 per cent, but the record is only half as long as that of the other
streams; the Elkhorn discharges 8 per cent; the Republican appears
to be in a class by itself, discharging less than 2 per cent of the pre-~
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cipitation on its drainage area. The rainfall and run-off from the
upper portion of this table have been plotted in figure 5.

Table 7 gives aJso the mean monthly precipitation and run-off
from the same stations. Twelve-year averages were available for
North Platte and Loup rivers, eleven for the -Republican, eight for
the Elkhorn, and six for the Niobrara. For the mean monthly
rainfall normal values from Tables 2 to 6 were used.

Elkhorn River is wholly in Nebraska. Its drainage area isrolling,
broken in places, and largely cultivated or grass grown. It heads
in the sand hills of Rock County.

The Niobrara and Loup drainage areas are similar in character
and consist largely of rolling sand hills; they are given over to range
"land or, where the soil is firm, cultivated in small tracts. The sand
areas are the controlling features of these streams, as the precipita-
tion thereon is absorbed by the sand and gradually fed to the stream
in the form of springs. Their drainage areas thus act in themselves
as conserving reservoirs, and to this fact alone is due the remark-
able constancy of flow observed on both rivers.

North Platte River partakes of the nature of a mountain stream
and a river of the plains. It rises in northern Colorado, drains a
large mountainous area in Wyoming, and traverses Nebraska on a
bed of sand. It receives no large tributaries after leaving Wyoming.
Its drainage area in Nebraska is rolling range land with cultivated
valleys.

The Republican is not unlike the North Platte, except that it has
not the mountainous headwater country. In Colorado its drainage
basin is made up of table-lands broken by canyons and gullies and
interspersed with low hills and rocky scab land. In Nebraska it
drains a considerable area of sand hills, which, however, is only a
small portion of the entire catchment basin.
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CONCLUSIONS.

The streams of the western plains differ markedly with respect to the
relation between rainfall and run-off from streams in other portions
of the United States, and formulas elsewhere applicable are wholly
inadequate and may lead to gross errors.

Formulas for maximum and minimum discharge are worthless.

The magnitude of spring floods in Platte River is not always
dependent on the snowfall in Wyoming during the preceding winter.

The run-off during the winter months can not be estimated by
the use of precipitation records. Considerable time was spent in
an endeavor to determine rational values for winter flow from win-
ter records of precipitation. It is undoubtedly true that a much
larger percentage of the precipitation appears as run-off in winter
than during the remainder of the year, but just what the ratio of
the percentages of rainfall for the two periods is can not be deter-
mined.

OUTLINE OF HYDROGRAPHIC DATA.

The following pages contain a compilation of all hydrographic
data collected in Nebraska to and including the year 1906. These
data are arranged according to the principal drainage basins of the
State in the following order: Platte River, Republican River, Nio-
brara River, White River, and Hat Creek basins. The stations at
which the volume of stream flow has been investigated are arranged
in order from the headwaters toward the mouth. Those on the
main stream are presented first, and are followed by the stations on
tributaries arranged in the same order.

For each drainage basin there are given: (1) A brief description
of the area drained; (2) hydrographic data for all stations where
discharges have been obtained; (3) a table of miscellaneous meas-
urements made at points other than at regular gaging stations;
(4) precipitation tables for representative rainfall stations within
the area, taken from records of the Weather Bureau.

A ““regular station’ is one at which equipment was installed to
obtain daily discharges. For each regular station there is given:. (1)
A description, with sufficient information to enable anyone to use
the equipment and thereby make comparisons with results herein
presented; (2) a table of discharge measurements; (3) mean daily
gage heights; (4) tables of daily discharge, where such were obtained,
arranged in chronological order; (5) estimated monthly discharges,
arranged so that all monthly estimates are readily comparable.
These tables give maximum, minimum, and mean discharge in sec-
ond-feet for the month, total run-off in acre-feet, mean discharge or
run-off in second-feet per square mile of drainage area, monthly run-
off in inches of depth, rainfall in inches on the drainage area above

72607—I18R 230—09——3
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that point, and run-off in percentages of the rainfall. For incom-
plete months the discharges and run-off:in acre-feet are given only
for the actual number of days noted. Where the record for the
month lacked only a few days and those not at critical stages, the
mean discharge obtained for the days on which gage heights were
reported has been used as the mean for the entire month. On
account of the unstable character of the stream beds, mean velocities
and cross-sectional areas are of little general value, and they have not
been given in the table of discharge measurements. As most of the
discharges herein have been obtained by the indirect method (see
pp- 9-15), the rating tables would not be of value unless accompa-
nied by tedious and lengthy explanations. They have therefore been
omitted.

EVAPORATION AND SEEPAGE NEAR KEARNEY.

Observations of evaporation and seepage were made during 1896
on a small pond on the grounds of the Nebraska State Industrial
School at Kearney. The pond is 320 feet long in a north-south
direction and about 90 feet wide east and west. When it is full the
water is nearly 7 feet deep, and is usually from 5 to 5.5 feet. Fluc-
tuations of the water surface were read by means of a hook gage
reading to hundredths of aninch. The water supply, except that which
falls in the form of rain and snow upon the surface of the pond and
the inner slopes of the embankment, is under complete control, being
admitted from the Kearney canal through a cast-iron pipe with a
gate valve. The following table summarizes the results obtained:

Estimated monthly evaporation and seepage near Kearney, 1896.

Inches per 24 hours. Inches per 24 hours.
Total Total
Month. 3 Month. h

Maxi- | Mini | o, |(18€heS): Maxi- | Mini- | . |(mehes)-
mum. | mum. * mum. | mum. ‘

1.70 0.9 1.25 15.00 || August._...... 3.39 1.31 2.25 69.75

2.73 .62 1.25 38.75 || September..... 3.04 1.16 1.85 55, 50

2.10 .70 1.15 34.50 || October........ 2.59 1.02 1.45 44,95

3.72 .80 1.75 54.25 || November..... 2.55 .80 1.32 39. 60

PLATTE RIVER DRAINAGE BASIN.
PLATTE RIVER PROPER.
DESCRIPTION OF BASIN.

The Platte proper is formed by the junction of North and South
Platte rivers, near the center of Lincoln County, whence it flows
southeast, then northeast, then east, emptying into the Missouri
about 18 miles below Omaha. Its drainage basin embraces almost
the entire central portion of the State and large areas in Wyoming
and Colorado,
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From its source in Lincoln County to a point near Ashland, in
Saunders County, the Platte is a broad, shallow stream, flowing in
many places as a network of interlacing channels among numerous -
islands and sand bars (PL II). Its basin lies wholly north of aline
closely bordering the south bank of the stream, and is generally
rolling prairie land in the middle portion, which gives way in the
western and northern portions to extensive areas of sand hills.
Along the main stream and its tributaries is a deep flood plain of
alluvium, composed of loam, sand, and gravel in the valleys and
talus on the slopes. Outside of this flood plain the soil is mostly
loess, consisting of yellow clays and fine sandy loam. In the western
areas there is little or no forest or timber land except in the immediate
valleys of the small tributaries; but farther east there are compara-
tively large areas of timber land, some native and some planted,
and the stream is changed in character, being confined between
heavily wooded limestone bluffs. The country is almost wholly
given to cattle raising in the western portions and to agriculture in
the eastern.

The precipitation has a mean value of 23.33 inches, of which 69
per cent falls during the five months of the growing season, April
to August; about half of the remainder is snowfall. The evapora-
tion averages about 4} feet.

The principal tributaries of the Platte are the Elkhorn and the
Loup, both draining the country to the north of the river.

The Platte is subject to periodic floods caused by melting snows in
the headwaters of the North and South Platte, which reach a maxi-
mum in June or July, often doing considerable damage to property
on the lower portion of the stream. The waters of the river in the
western part are extensively used for irrigation. '

Gaging stations have been maintained in the drainage basin of
Platte River in Nebraska as follows:

Gaging stations in Platte River basin.

: . : Discon-
River. Station. County. Established. tinued.
Platte. . ... ... Lexington Apr. 2,1902
Do Columbus PO { June 4, 189%
Do.... -...| South Bend .- . Mar. 25, 1903 | Sept. 30,1903
Loup....... -1 Columbus. . . . _.| Oct. 13, 18%4
North Loup. .| St. Paul. .. .. ..| May 5,1895 |a Nov. 30,1903
Middle Loup. N . do..... R do.... I PO do....... Do.
Elkhorn.......................... Norfolk i July 16,1896 | Nov. 21,1903
Do Arlington Apr. 28,1898 Do.

a Observations suspended during 1898, 1900, 1901, and 1902.
PLATTE RIVER NEAR LEXINGTON.

The station near Lexington was established April 2, 1902, and has
been maintained continuously since that date, except during the
closed winter months. It is located at a highway bridge 3 miles
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south of Lexington, in sec. 20, T. 9 N., R. 21 W., and is shown on
the Lexington atlas sheet of the United States Geological Survey.

The section of the river at the gaging station is straight. The bed
is of shifting sand and the banks are low. The stream flows in two
channels; the smaller one is about one-fourth mile south of the main
channel a,nd is measured from a similar pile bridge. There are no
obstructions in the channel other than the piling, and the current is
never sluggish, even at low water. No attempt has ever been made
to obtain records of winter flow, as the river often freezes solid. The
range of gage heights is about 3 Teot.

Discharge measurements are made from the upstream side of the
highway bridge, which consists of 187 spans of 20 feet each, supported
on piles.

On account of the extreme width (3,720 feet between banks) and
shallowness of the stream, and also to partly eliminate the effect of
the wind, two gages are maintained at this station. Both are of the
standard chain and weight type and their zeros have the same eleva-
tion. One is located at the north end of the downstream side of the
bridge and the other at the south end of the upstream side. The
wind sometimes creates a difference of more than a foot between
the two gages, but this difficulty is in part obviated by using the mean
of the two readings in the computations of the daily discharge. The
gages are referred to bench marks as follows: (1) The top of the east
end of the first cap at the north end of the bridge; elevation, 7.66 feet
above the zero of the gage and 2,392 feet above sea level. (2) The
top of the upstream end of the cap of the third bent from the north
end of the bridge, marked with a cross; elevation, 9.22 feet above the
zero of the gage. (3) The top of the upstream end of the cap of the
third bent from the south end of the bridge, marked with a cross;
elevation, 9.03 feet above the zero of the gage.

Discharge measurements of Platte River near Lexington, 1902-1906.

Date. Hydrographer. hgiZ%et. cl?alrsge. Date. Hydrographer. hgii;i:f;;. clglfze.

Feet. | Sec.l.

............. 3.3¢ 3,070

....... 3.5 4,731

4.10 | 10,606

4.48 | 19,100

3.32 1,690

2.99 125

.50 2,473

Zu .25 | 13,820

September 25 . 33 ll,ﬁg

November§... ‘38 2889

. t

s L5 . 3481 2,87

AT A ; H C. Gardner. 11| 335 w0
June 12... 5 e Paheon T .

Jane 28 .. .| F.S. Dobson...... 3.10 760

July 9.........

July23.............do.ooooo.ol] 277 2,075 || April10.......|.....dO..coaiaia. 3.83 6,568

August 15..... [ do.o........... 2.8 1,340 || May1l0......._|..... 3.93 6,558

September 30 .|..... do. Arthur Dobson 3.83 4,913

September 22 .| W. C. Stardevant., 2. 206 || July 3%....oofooodOeeeei oLt 3.52 2,038

November 1...| J. C. Stevens...... 2.80 1,218 || September8 .. A. R. Wﬂson .. 3.38 780

Qctober 19....| Arthur Dobson ...| 3.40 1,51

November 10..|..... do.............l 3.78 4,625










37

PLATTE RIVER DRAINAGE BASIN.

1902-1906.

Mean daily gage height, in feet, of Platte River near Lexington,
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PLATTE RIVER DRAINAGE BASIN.

Mean daily gage height, in feet, of Platte River near Lexington, 1902-1906—Continued.
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Estimated monthly discharge of Platte River near Lexington, 1902-1906.

[Drainage area, 53,300 square miles.]

Discharge in second-feet. Run-off.
Month and Totafl in Second- P ¢ (Il{ai]r:xfal)l
year. acre-feet. feot er cen nches).
per |Depth in g
Maximum. | Minimum. | Mean. square inches. of‘;fiv,}m
mile. g
10, 880 4,290 6,612 157,400 .. oo i s 0.85
2,000 1, 350 1,512 12 W77
2,900 1,650 2,180 .77
April.
1902d......... 3,500 1,680 2, 70,000 |.eenneennoe]oeieeeeeieaanns 1.08
. 9,060 2,220 3,803 231, 600 0.073 0.08 6 1.25
2,000 1,000 1,218 72, 500 .023 03 3 1.08
11,700 2,100 4,990 297,000 . 094 .10 3 3.45
8, 500 4,400 6,420 ) .120 13 7 1.93
14,670 1,950 5,490 337, 500 L1038 12 5 2.64
7,510 1, 950 3,749 230, 500 .070 .08 4 1.91
10, 700 1,020 4,295 264,100 .08l 2 3.67
24, 500 10, 500 15, 800 972, 000 .296 .34 10 3.43
18,000 4,000 7,770 478, 000 146 17 6 2.63
8, 750 1, 840 5,135 305, 500 13 6 2.17
12,860 2, 520 6,471 385, 000 121 13 7 1.99
19, 500 7,700 12,570 748, 000 236 26 8 3.16
30, 000 11,800 | 22,100 | 1,320,000 .415 46 2 2.11
17, 000 5, 9,970 593, 000 . 187 .21 17 1.71
5,690 0 2,234 137,400 042 .05 2 2.02
9, 060 1,090 3,709 228, 000 070 .08 3 2.51
7,700 1,350 4,071 250, 300 .076 .09 4 2.51
21, 600 2,100 7,770 478, 000 146 7 6 2.67
5,400 1,900 3,010 185, 000 056 .06 4 1.46
565 0 27 1, 700 . 001 . 001 .8 1.22
2,220 275 1,009 62, 000 .042 .02 1 2.01
2,000 0 760 46, 700 .014 .02 1 1.60
3,900 0 1,090 67,000 02 2 1.25
3,000 0 745 45,800 014 . 1 2.04
2,780 0 302 18, 000 . 006 .01 .3 2.93
1, 260 0 237 14,100 .004 004 .3 1.24
1,350 0 266 15, 800 . 005 .01 1.49
2,300 0 1,040 61, 800 .020 .02 2 1.32
1,900 100 1,060 63,100 . 020 .02 1 1.98
1,900 640 1,191 , 200 022 02 2 1.08
1, 950 390 1,140 70, 100 021 02 2 .79
2,700 750 1,662 102, 200 031 04 4 1.09
7,600 900 2,482 152, 000 047 .05 3 2.07
1,230 465 . 961 .37
2,220 1,090 1,499 .33
3,100 1,600 2,392 .04
7,400 4,210 .87
aMarch 20 to 31. & March 28 to 31. ¢ March 24 to 31. 4 April 15 to 30.

PLATTE RIVER NEAR COLUMBUS.

The station near Columbus was established June 4, 1895, and has
been 1naintained continuously since that date except during the
winter months. It is located above the mouth of Loup River at
the Meridian bridge, about 3 miles south of Columbus, in sec. 31,
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T. 17 N., R. 1 E., and is shown on the David City atlas sheet of the
United States Geological Survey.

The stream flows in three channels, known as the main, middle,
and south channels, having widths of 194, 320, and 75 feet, respec-
tively.” At the gaging section the main and middle channels are
straight. The bed is of shifting sand, and the banks are low but
not subject to overflow. In the south channel the stream flows at
an angle of about 25° to the bridge. A small tributary furnishes a
supply of water in the south channel even when the other channels
are entirely dry. The only obstructions to flow are the bridge piles.
The current is never sluggish, even at extreme low stages. Gage
heights have a range of about 6 feet.

Discharge measurements are made from pile bridges which cross
the three channels. The Meridian bridge lies on the sixth principal
meridian, and consists of sixty-five 30-foot spans across the main
channel.

The gage is of the standard weight and chain type and is fastened
to the downstream hand rail of the bridge approach near the left
bank of the main channel. The length of the chain from index to
end of weight is 16.21 feet. The gage is referred to a standard
United States Geological Survey bench mark, 60 feet north of the
north end of the bridge truss and 10 feet west of a large cottonwood
tree; elevation, 7.06 feet above the zero of the gage.

In past years deposits of sand about the gage have made it impos-
sible to obtain uninterrupted records, even during the open season.

Discharge measurements of Platte River near Columbus, 1896-1906.

Gage | Dis- Gage | Dis-
Date. Hydrographer. height.| charge. Date. Hydrographe;. height.| charge.
Feet. | Sec.-ft. 1898. - Feet. | Sec~ft.
-...| 0. V.P. Stout....[ 319 4,320 | June19........ 0. V.P. Stout....| 3.95 9,123
Y PR do.cceennoiol 411 10,307 || July 10........ Glenn E. Smith_..| 3.00 3,006
RO do.............| 3.35 4,450 || July 20........|..... (¢ [+ S PN 285
E. T. Youngfelt...|....... 14 || July 31........ d 45
0.V.P.Stout....| 1.06 1 || August2l..... 2
E. T. Youngfelt...|....... 0 || September 4..|. 2
0.V. P, Stout....|c...... 0 || September 18 . 10
E. T. Youngfelt...| 1.70 188 || October16.... 14
October 30.... 13
November 11.. 16
Adn&a Dobson..... 2.90 4,963 || November 20.. 25

October 15....
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Discharge measurements of Platte River near Columbus, 1896-1906—Continued.

Gage | Dis- Gage | Dis-
Date. Hydrographer. height.| charge. Date. Hydrographer. height.| charge.
1900, Feel. | Sec.ft. Feet. | Sec.ft
April8........ Adna Dobson..... 2.68 1,907 3.28 5,912
ds 4.58 | 15,673 3.54 5, 420
5.05) 21,826 3.55 4,934
4.64 | 13,133
3.96 7,198
410 | 7,524
3.87 5,864
3.62 2,808
2.00 1
2.82 878
3.85 5,747
4.52 1 15,194
4.13 | 12,024
2.96 2,549
1.91 60
3.08 3,978
4.45| 13,630
5.60 | 33,410
5101 27,570
November 2...[..... (6 1.90 978 g‘ ég 13’ gtli{;
Decemberl...|..... do..eeeeenee..| 1.85 922 ue 525 2341
September 27 . 2.10 1,739
[ 1V T B - 5,664 || October13.... 1.80 891
.do... o222
25 Geo. W. Bates....| 451 16,814
3 4 I T 0.ennnnnnn..| 512 19,770
3 55 ...| Arthur Dobson....| 4.52 13,795
i 235 || July do 29| zsm
LG | s | e g TR st
September 11 . .50 5 || September 29 - :
= October 27. . .. 2.98 3,157
October 5...... 250 | 1,98 || November 24.. 2.65 | 2,147
Mean daily gage height, in feet, of Platte River near Columbus, 1895~1906.
Day. June.| July.| Aug. Day. June.|July. | Aug. Day. June.| July. |Aug.
1895, 1895.
0.20 | 12............. 2051062014 23............. 1.50 | 0.35 | 0.19
120 18 ... 205 .61 | .22 24............. 1.43( .33 22
Ol || M4............ .90} .64 .17 )25 ... .. ... 1.45] . 15
03 15l 1.78 | .68 10 || 260cccncenn.... 1.40 | .29 04
16 ceciiiat. 1.74) .59 09 || 27, ..ooio.. .25 .23 |—.04
W08 || 17l .76 .50 08 /| 28. . coana... 1.35| .24 |—.07
18 . il 1.70 | .45 .08 29. .. ........ 1.35| .26 [—.10
071 19 oeaen .o 1.75) .52 09130 ... 1.31 26 11
A2 200l 1L.69 | .48 .02 3leccoinenaciiifennn. .26 .17
06 1 21 ......... .62 .42 .02
Iy 22............ 1.57) .39 .09
.| Aug. | Oct. | Nov.| Dec. Day. June.|July. | Aug. | Oct. | Nov. | Dec.
...... 1.70 | 2.60 1.80 | 2.65
1.90 | 1.70 | 2.60 1.70 | 2.30 |.
2.65 | 1.75 | 2.60 1.70 | 2.20
2.45| 1.70 | 2.68 170 | 2.20
2.20 | L.75 | 2.70 1.70 | 2.20
3 2.15| 1.80 | 2.70 1.70 | 2.20
3 1.95 | 1.85 | 2.75 1.7812.20 |.
3.04)1.80|1.90) 280 1.82 1§ 2.20
2.94(1.7811.95 | 3.05 1.90 | 2.30 |-
3.16 [ 1.70 { 2.20 | 2.80 1.90 | 2.40
3.06 | 1.75 | 2.20 | 2.35 1.95 1 2.60 |......
2.60|1.80 (210|190 658 28..........{3589|...... L10|...... 2.60 | 3.01
2.50 | 1.90 | 2.10 | 1.90 2.01
2.32{2.40 | 1.90 | 1.90 2.60
1 93 2.05 | 1.80 | 2.40 2.70
1L.70 | .70 | 1.80 | 2.90
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& Sand at gage; water in pools,

Mean daily gage height, in feet, of Plaite River near Columbus, 1895-1906—Continued.
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Mean daily gage height, in feet, of Platte River near Columbus, 1895-1906—Continued.
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1895-1906—Continued.

Mean daily gage height, in feet, of Platte River near Columbus,
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Mean daily discharge, in second-feet, of Platte River near Columbus, 1895-1906.

Day. May. | June. | July. { Aug. Day. May. | June. | July. | Aug.
1895.
17,130 | 3,375 845
16,150 | 2,950 850
16,970 | 3,545 910
50 | 3,205 672
14,960 | 2,700 536
14,440 | 2,530 878
13,470 | 2,135 1,250
12,580 | 1,980 | 1,340
12,800 | 1,980 [ 1,070
12,250 | 1,745 725
590 | 1,380 508
11,550 | 1,380 416
11,750 | 1,525 360
11,450 | 1,525 336
........ ;470 | 1,140
Oct. Nov.

COOOOO OOCOOo COoOoC

COCOOO OO COOOC COOOC COoooOoC comee

12,250

21, 600

| 21) 400

27,400
22, 600
19,700
19,700
20, 600
21, 600
22, 600
23,750
31,100
28, 575
20, 300
17,750
16,000

wywww O =3 00 00
8% 58888

d

o0

2,000 |'

T72607—I1RR 230—09——4

|
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Mean daily discharge, in second-feet, of Platte River near Columbus, 1895-1906—Cont’d.

y. | June. | July. |Sept. ! Oct.| Nov, . May. | June. | July.|Sept.|Oct.| Nov.

15

Day. | M

LN T

WOt O D

£8828 £8888 38838

— 2
3
o

Day. ‘Mar. Apr. | May. | June. | July. | Aug. | Sept.| Oct. | Nov.

16,720
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Mean daily discharge, in second-feet, of Platte River near Columbus, 1895-1906—Cont’d.

Day.

Apr.

May.

June.

July.

Aug.

Sept.

Oct.

Nov.
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Mean daily discharge, in second-feet, of Platte River near Columbus, 1895-1906—Cont’d.

Day. Mar, | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.

6,635 | 3,800 138
6,635 | 3,300 | 1,150 244
5,995 | 2,898 925 865
5,995 | 2,510 825 865
5,995 | 2,120 550 865
5,995 | 1,799 285 925
5,500 | 1,510 340 975
6,050 | 1,300 340 975
5,995 | 1,187 340 925
5,995 | 1,062 346 875
........ 995 290 [........
21,600 | 5,250 | 6,375 | 4,500
17,200 | 5,000 | 6,375 | 4,750
15,600 | 5,000 { 6,375 | 4,250
12,960 | 7,050 | 6,050 | 3,750
10,700 | 12,960 | 5,250 | 2,510
9,150 | 13,550 | 4,750 | 1,830
7,050 | 10,700 | 3,500 | 1,040
5,775 | 7,800 | 3,100 985
5,250 | 7,050 | 3,100 930
5,000 | 7,050 | 1,830 820
5,000 | 7,050 , 540 820
4,500 | 5,500 i 1,830 770
4,250 | 5,000 | 2,510 875
4,000 | 5,000 | 2,700 985
5,250 | 4,750 | 4,500 875
5,000 | 4,750 | 2,700 770
5,500 | 7,800 | 3,500 680
5,775 | 7,400 | 3,100 680
5,500 | 6.050 | 7,050 | 3,100 635
4,500 | 4,000 | 6,375 6,700 | 2,900 475
4,750 | 3,300 | 7,400 | 5,775 | 2,320 340
4,750 | 3,750 | 8,675 | 5,000 | 1,680 285
5,250 | 4,000 | 8,200 4,750 | 1,350 250
3,500 | 4,250 | 8,200 | 4,000 1,350 235
3,500 | 6,700 | 9,650 | 3,100 | 1,540 205
3,500 | 8,200 | 11,820 | 2,700 | 2,150 205
3,750 | 9,150 | 12,960 | 2,700 | 3,750 205
3,100 10,700 | 2,700 | 4,000 205
3,100 8, 2,320 { 5,500 190
5,000 6,700 | 2,700 | 5,500 190
,,,,,,,, l 3,100 | 4,500 |........

1,000 50 150 | 1,000

600 100 1,000

700 (a) 50 1,000

700 (a) 50 1,000

500 (@) 0 1,000

13,290 | 9,340 500 (a) 0 1,000

.| 12,105 | 10,525 425 EE 0 1,000

11,315 | 10,920 350 a 100 1,000

10,525 | 10,920 700 (a 425 1,000

7,760 | 9,735 | 2,075 (a) 800 1,000

8,550 | 12,500 | 2,075 (a) 425 1,000

10,130 | 10,525 | 1,400 (ﬂg 275 1,000

15,660 | 9,340 900 (a 350 1,000

16,450 | 6,970 700 a) 500 1,000

15,660 | 6,180 425 a) 700 1,000

18,030 | 5,785 275 (2) 600 1,000

17,240 | 8,550 50 (63 600 1,000

14,870 | 5,390 200 (a 700 1,000

14,870 | 4,600 275 (a) 800 1,000

12,805 | 4, 275 | () | 2,075 | 1,000

12,500 | 4,995 200 (a) 3,810 1,000

12,500 | 4,995 (@) (a) 3,810 1,000

11,710 | 4,206 0 Eﬂg 4,995 1,000

11,710 | 4,600 0 a 2,700 1,000

12,500 | 4,205 0 (@) 2,350 1,000

a Pools.
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Mean daily discharge, in second-feet, of Platte River near Columbus, 1895-1906—Cont’d.

Day. Mar. | Apr. | May. | June, | July. | Aug. | Sept. | Oct. | Nov.
15,265 | 3,810 0
14,870 | 3,430 0
12,895 | 2,700 0
11,710 | 3,050 0
10,920 | 2,350 0
........ 1,600 100
32,100 | 20,450 | 4,270
35,600 | 21,150 | 6,700
34,700 | 24,050 | 6,700
32,100 | 31,250 | 8,040
31,250 | 25,580 | 6,700
29,600 | 34,700 { 7,020
29,600 | 21,850 | 6,395
29,600 | 19,780 | 5,520
25,580 | 15,450 | 4,500
30,420 | 14,900 | 3,180
27,950 | 13,280 | 2,590
31,250 | 10,880 | 2,220
31,250 | 9,170 | 2,225
30,420 | 7,690 | 2,050
31,250 | 6,390 | 2,050
31,250 | 5,520 | 2,220
40,150 | 4,740 | 3,180
32,100 | 4,040 | 3,390
33,820 | 3,180 | 3,600
28,780 | 2,400 | 2,590
28,780 | 2,400 | 2,500
25,570 | 2,050 { 2,225
51,100 | 2,220 | 2,400
32,950 | 1,730 | 1,290
30,420 | 1,730 | 1,150
30,420 | 4,740 | 1,730
31,250 | 6,390 { 2,050
26,350 | 4,740 785
25,580 | 4,040 360
24,050 | 3,820 0
........ 3,600 0
8,090 | 10,100 | 2,440 8 630 2,290
9,690 | 7,040 | 2,290 155 630 | 4,240
9,690 | 6,700 | 2,160 235 565 4,240
14,200 | 5,790 | 4,040 95 380 4,970
14,200 | 4,240 | 3,240 95 330 | 5,790
13,600 | 4,490 | 2,440 95 380 | 5,790
13,100 | 4,040 | 4,260 95 380 6,080
15,400 | 3,830 | 3,430 120 330 | 6,080
13,100 | 3,430 | 3,240 330 330 5,500
12,500 | 3,070 | 3,830 380 440 | 5,500
9,600 | 2,900 | 3,070 280 630 4,40
8,000 | 2,580 | 3,240 330 630 4,490
7,040 | 2,900 | 2,580 330 565 4,240
6,080 | 2,740 | 2,020 850 630 4,490
5,790 | 2,440 | 2,020 | 2,440 700 4,490
5,500 | 2,290 | 1,210 | 1,420 930 4,490
6,390 | 2,160 | 1,770 | 2,020 | 1,210 3,830
8,860 | 4,040 700 | 2,290 | 1,530 | 3,620
7,040 | 2,580 330 | 2.440 | 1,650 3,620
7,730 | 2,580 95| 1,770 | 1,650 | 3,240
5,790 | 2,160 95( 1,530 | 1,530 | 3,160
4730 | 2,020 95| 1,110 | 3,070 | 3,070
4,490 | 2,020 951 1,110 | 4,970 2,980
4,910 | 2,740 40| 1,020 | 4,040 2,900
8, 2, 580 32 850 | 4,730 3,070
11,100 | 2,440 95 850 | 4,730 3,070
13, 1,020 55| 1,020 3,240 | 2,900
10,100 | 3,070 20 3,240 2,900
S, 3,430 18 630 | 2,200 2,900
8, 3,240 15 630 | 1,900 | 4,040
........ 3,240 10 |oeeeee.| 2580 1.0 ..
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Estimated monthly discharge of Platte River near Columbus, 1895-1906.

[Drainage area, 56,900 square miles.]

Discharge in second-feet. Run-off.
Month and Totail in 4 (Ra.infall
year. acre-feet. | Second-feet : inches).
Maximum, | Minimum. | Mean, per square Di:gfgsm o?l?ar.iﬁgl'l;
mile. * )

1,800 2,060 1.59
995 2,817 1.19
7,050 9,652 .94
2,280 4,914 1.31
500 1,477 87,900 ...oveemaenmnieii]iinaanaaas 1. 65
3,600 8,600 511,700 0. 151 0.17 2 .83
1,590 5,584 332,300 [ el 5.79
1,300 8,827 525,200 . 155 .18 7 2.64
825 1,076 , 000 .019 .02 2 1.07
1,980 4,339 258,200 .076 .08 5 1.48
1,760 7,800 464,100 .137 .15 4 3.70
3,240 6,530 388, 600 .115 .13 3 4.35
6,700 11,801 725,600 .207 24 12 197
1, 500 5,851 359, 800 .103 .12 3 4. 40
4,700 10,373 637,800 . 182 .21 7 2: 86
7,300 | 19,039 | 1,170,600 . 333 .38 28 1.37
2,050 5,300 325, 900 .093 .10 5 2.09
1,210 5,462 335, 800 . 096 .11 3 3.40
3,300 9,159 563, 200 .161 .19 4 4.60
1,250 4,128 253, 800 .073 .08 2 3.37
10, 420 19,360 | 1,190,000 . 340 .39 7 5.73
3,430 , 180 503, 000 144 .17 6 2.76
5,170 14,027 834,700 247 .28 7 4.04
4,320 7,510 446, 900 . 132 .15 6 2. 65
5,500 16,904 | 1,005,800 .296 .33 12 2.77
5,100 11,278 671,100 . 200 .22 7 3.03
5,000 13,747 818, 800 241 .27 10 2.66
6,700 14,696 874, 500 . 2568 .29 19 1.51
5,500 9,363 857,100 164 .18 6 2.96
4,150 6,426 382, 300 .13 .13 4 3.38
4,000 8,816 524, 600 .155 .17 8 2.20
7,760 12,880 766,100 . 226 .25 7 3. 64
24,050 31,180 | 1,855,000 . 548 .61 12 5. 04
4,490 9,220 49, 000 .162 .18 7 2.70
1,380 3,685 226, 600 . 065 .08 7 112
0 1,629 100, 200 . 029 .03 1 3.43
990 2,771 170, 400 . 049 .06 3 2.36
500 3,029 186,200 |ooueeoionn i e 1.59
3,380 14,551 894,700 . 255 .30 12 2.55
200 2,883 177,300 . 050 .06 2 2. 63
725 1,991 47,400 | e el 1.29
995 5,267 323,800 . 093 .11 3 3.84
2,320 5,847 5 .103 .12 3 3.71
1,520 6,888 423,500 .121 14 5 3.14
1,730 10,770 662, 200 .189 .22 5 4.67
1,020 3, & 214,000 . 061 .07 3 2.70
96 722 44, 400 .012 Ru .6 1.63
)] 423 26,000 .007 .01 .6 1.74
............ ) Ry 2. 46
............ Ei) J R R R MR 1.84
1,869 5,658 347,900 . 100 .01 .5 2.04
............ gi) 2.20
............ [ T P L O A 1.80
190 404 24, 800 .007 .01 .6 1.65
1,350 3,507 215, 600 .062 .07 2 3.52
0 451 27,700 .008 .01 .5 2,11
0 3,217 197, 800 .057 .07 3 2.79
10 1, , .028 .03 1 3.66

d March 17 to 31. g July 1 to 20.

b March 8 to 31. e April 17 to 30. hJuly 1 to 11.

¢March 15 to 31. 7 April 8 to 30. i Water in poolsor tiny channels.
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Estimated monthly discharge of Platte River near Columbus, 1895-1906—Continued.

Discharge in second-feet. } Run-off.
Month and Totafl iItl S i (Raiﬁial)l
year. acre-feet. econd-feet| . inches).
Maximum. | Minimum. | Mean. per sg}usi% Ditelg]tllésm o?n?;,ig?gl‘i
mile, " .
September.
1896 2.10

1.37
2.04
.73
.40
1.56
1.09
1.88
1.00
1.87
1.23
2.40
58,300 |..ieeo e eeeeas .87
8,400 |. oo .19
40, €00 .012 .01 2 .53
47, 400 .014 .02 5 .35
114, 600 .034 .04 7 .55
, 500 .018 .02 25 .08
243, 000 .072 .08 12 .64
|
e Water in pools or tiny channels ¢ October 24 to 31. e November 1 to 9
b 8eptember 11 to 17. d November 1 to 14.

PLATTE RIVER AT SOUTHBEND.

The station at Southbend was established March 25, 1903, and dis-
continued September 30 of the same year. When the station was
selected it was expected that measurements could be made from a
foot bridge which was then out of repair; but as the repairs were not
made and as there was no other practical method of making measure-
ments, it was necessary to abandon the station. Its location at
Southbend, below all important tributaries of the Platte, is shown on
the Fremont topographic sheet of the United States Geological
Survey.

The channel at the gage is straight. The right bank is low and
subject to overflow; the left bank is a high limestone bluff. The bed
is of shifting sand and a large number of measurements would be
required for accurate results.

The gage was an inclined staff, graduated to half-tenths, located on
the left bank in the NE. } sec. 13, T. 12 N, R. 10 E., one-fourth mile
north of the Burlington and Missouri River Railroad depot at South-
bend. The gage was referred to bench marks as follows: (1) The sill
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of the north window of the Burlington and Missouri River Railroad
depot; elevation, 10.47 feet above the zero of the gage. (2) The
northeast corner of the southeast cornerstone of the left masonry
abutment to an old bridge 100 feet downstream from the gage; eleva-
tion, 13.78 feet above the zero of the gage.

Discharge measurements of Platte River at Southbend, 1903.

Date. " Hydrographer. hg’éﬁ Discharge.

|
1903. Feet. | Second-feet.
May 5. ool 3.80 13,178
August 31 d e 4.90 38, 846
September 14 2.30 11,986

Mean daily gage height, in feet, of Platte River at Southbend, 1903.

Day. . Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.40 6. 50 3.15 2.55 4.50
3.25 5.95 2.90 5.50 4.15
3.25 5.70 2.85 4.55 3.20
3.45 5.20 3.05 4.25 2. 90
3.80 4.70 5.00 3.85 2.30
3.55 4.45 4.40 3.45 2.05
3.35 3.80 4.00 3.25 1.85
3.25 3.65 3.65 2.90 1.70
3.15 3.50 3.15 2.45 2.00
3.15 3.20 2.65 2.25 1.95
3.85 3.05 2.75 1.95 1.85
4.70 2.85 2.55 2.00 1.95
4.65 2.70 2.35 1.95 2.00
4.45 2.55 2.25 4.00 2.30
4.15 2.35 2.15 3.60 2.55
4.10 2.25 2.15 3. 60 2.75
3.40 2.00 3.05 3.15 2.90
3.15 2.05 3.55 2.75 2.45
3.40 2.35 3.70 2. 50 1.90
3.50 2.20 3.45 2.20 1.60
3.60 2.55 2.25 2.20 1.50
3.95 3.00 2.90 1.90 1.40
4.05 3.25 2. 45 1.80 1.35
4.00 2.95 2.35 170 115
4.50 3.30 1.70 1.45 1.05
5. 40 3.60 1.35 1.75 1.05
5.15 3.75 1.25 2.30 1.05
5. 40 3.65 1.25 5.55 .95
5.60 3.60 1.95 5. 45 .90
6. 55 3.60 1.75 5.15 .90
6.60 |........ 2.60 4.90 |........

NORTH PLATTE DRAINAGE BASIN.
DESCRIPTION OF BASIN.

North Platte River rises in the northern part of North Park, in
Colorado, flows north and then east through Wyoming and the west-
central part of Nebraska, and unites with South Platte River in
Lincoln County, Nebr., to form the Platte.

The headwaters of this river are mountainous streams, flowing in
narrow canyons or gorges and receiving numerous canyon tributaries
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almost to the Nebraska state line, where it becomes a wide, shallow,
sandy stream, spreading over the plains. Its drainage basin thus
includes both the mountainous, forested type and the grass-grown
areas and embraces 28,500 square miles.

The topography and geology of its headwater area are essentially
those of the Rocky Mountain region, which have been described many
times by scientific and popular writers. Throughout its course in
western Nebraska the river has eroded a valley 10 to 15 miles wide
and more than 300 feet deep. The present valley floor, consisting of
sediments deposited in a former, greater valley, is bordered by ter-
races and table-lands that are scarred by numerous tributaries and
arroyos. In the upper terrace are pebbles and cobblestones that
point to the former existence of a deep, swift stream; in the lower
terrace the material is fine; and in the present valley the bed is almost
entirely of sand and the stream is broad and shallow, with a flood
plain from a mile to 4 miles wide. These table-lands and terraces are
composed of pinkish clays, hard and more or less sandy, dotted here
and there with characteristic remains of an overlying formation of
impure limestone that forms many distinct landmarks of the North
Platte Valley, among which may be mentioned Chimney Rock, Court
House and Jail, and Castle Rock. Beyond these table-lands and ter-
races, particularly on the north, are sand hills, in many places extend-
ing almost to the river valley.

The soil of the North Platte Valley is sandy but very fertile and
requires only the application of water to make it highly productive.
There is little or no forest land except on the headwaters, and the
timber that exists has been planted by man. Outside of the imme-
diate river valley the country is given over almost entirely to range
land for cattle. In the valley of the river large quantities of hay,
grains, corn, ete., are raised, mostly by the aid of irrigation.

The precipitation on the headwaters comes chiefly in the form of
snow during the winter months. In the lower portion of the stream
basin the precipitation is from 15 to 18 inches and the evaporation is
from 5 to 6 feet.

-The North Platte is subject to floods which occur periodically,
reaching their maximum at the mouth of the stream sometime
during the latter part of June. After these floods have subsided the
flow greatly diminishes until about the first of September, when the
river is almost dry so far as surface flow is concerned. The waters of
the stream are extensively used for irrigation, but owing to the fluctu-~
ation of the discharge storage is necessary to make the entire supply
available for use. To this end a large storage reservoir is being built
by the United States Reclamation Service in Wyoming, whence
waters will be taken in canals to supply the needs of the valley. The
principal tributaries of North Platte River are the Sweetwater and the
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Laramie, in Wyoming. Just below the mouth of the Sweetwater is
the site of the Pathfinder dam. In Nebraska the tributaries are a few
small creeks.

The following table shows the number and location of the stations
which have been and are at present maintained on this stream in
Nebraska:

Gaging stattons on North Platte River in Nebraska.

Station. County. Established. |Discontinued.
Mitehell. .. ... o .. Seotts Bluff. ... ... ........ June 3,1901
Gering. . .. A0 c e May 29,1807 | May 25,1901
Camp Clarke. ... _........................... Cheyenne. ..........c....... June 27,1896 | Nov. 10,1900
Bridgeport. . .. .. Lo (o May 4,1902
North Platte. ... ... . ... Lineoln........o.c.ooooae.. Oct. 35,1894

NORTH PLATTE RIVER AT MITCHELL.

Observations were begun near this point on the North Platte on
May 29, 1897, when the Gering station was established. On June 3,
1901, this was replaced by the station at Mitchell, where conditions
were more favorable and which had the added advantage of being
nearer the Nebraska-Wyoming state line. The station at Mitchell
is located at the highway bridge 1 mile south of the town, in sec. 27,
T. 23 N., R. 56 W, and is shown on the Scotts Bluff topographic atlas
sheet of the United States Geological Survey.

At the gaging section the stream flows in three channels and the
alignment is straight for a considerable distance both above and
below. The bed is composed of shifting sand, 20 feet or more in
depth. The banks are low but not liable to overflow. The water is
never sluggish, even at extreme low stages, when it runs in numerous
tiny channels. The range of gage heights is about 6 feet. Attempts
to obtain reliable records of winter flow have heretofore proved
unsuccessful, as at times during the winter the river freezes solid.

Discharge measurements are made from the upstream side of a long
pile bridge, supported on bents spaced 20 feet apart.

The gage is of the standard weight and chain type, fastened to the
upstream end of the hand rail near the center of the bridge. The
length of the chain from the index to the end of the weight is 10.60
feet. The gage is referred to bench marks as follows: (1) A cross cut
in the floor of the bridge at the gage; elevation, 9.74 feet above the -
zero of the gage. (2) A standard aluminum bench-mark cap, marked
United States Geological Survey, leaded into the top of a 2-inch gas
pipe 4 feet long, located 138 feet north and 30 feet east of the left end
of the downstream hand rail ; elevation, 8.64 feet above the zero of the

gage.
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During 1901 the gage datum was 1 foot higher than during subse-

quent years, a fact which resulted in negative gage heights.
ingly, on May 3, 1902, the gage datum was lowered 1 foot.

Accord-
All gage

heights so affected have been corrected to the present gage datum,
which is 8.64 feet below bench mark No. 2.

Drischarge measurements of North Platte River at Mitchell, 1901-1906.

Gage Dis- Gage | Dis-
Date. Hydrographer. hpig%]f charge. Date. Hydrographer. i g%lf charge
Feet. | Sec.-ft. 1903. Feet. | Sec.ft
O.V.P.Stout....| 3.67 | 10,521 || Angust12.. ... J.C. Stevens ..... 1.20 456
illis...... 3.32 8,478 || August2l__._.|.....do..._........ .87 184
2.27 4,114 || August 22 d ............ .88 215
1.37 1,768 || September 3..| O. V. P. Stout.... .82 158
.66 1,048 .
20 1,038
.45 566 M. D.McWilliams.| 2.30 1,273
.28 351 .1 J.C. Stevens...... 2.58 1,890
. .23 227 i M.D. McWﬂ]lams 3.40 5,070
September 11. .38 422 || May23.......|.....do... .. ... 4.75 | 11,891
September 24. .25 341 . J.C. Stevens ...... 3.15 4,540
October 11.... .29 302 September '27.| R. D. Hubbard...| 1.75 209
October 29._ .. .39 438 || September 29.| A.J. Parshall. ... 1.72 214
November 26.. .45 576 || September 30.|..... do............ 1.80 266
1.56 2. 40 1,186
2.92 415| 8619
2.46 5.20 1 16,770
3.15 3.25 ,852
3.00 2.50 1,622
2.42 N 2.75 2,014
1.58 | 1,014 || September 21.| F. 8. Dobson...... 1.92 383
1.30 630 || September 7..| H. C. Gardner..... 1.95 507
1.05 349
.85 102 1906.
.82 29 |} April 12 3.35 3,168
.96 372 ay 8.. 3.45 3,991
-..do. 3.45 4,261
June 26. 4.05 6,786
1.76 | 1,735 1| July 24 3.12| 2,630
2.60 3,580 || September 1..{.....do............ 2.45 852
3.68 9,637 | October 16... Arthur Wilson....| 2.53 643
2.72 4,230 || December 8...|..... do.....lool 2.95 2,077
1.50 | 1,067
Mean daily gage height, in feet, of North Platle River at Mitchell, 1901-1906.
Day. June. | July.| Aug. { Sept. | Oct. | Nov. Day. June. | July. | Aug. | Sept.| Oct. | Nov.
1901. 1901.
] I SR, 2.40 |...... 0.18 10.23 ] 0.40 || 17.......... 3.40 [ 1.06 { 0.35 | 0.27 1 0.40 |......
2 e 2.27 | ... .19 23 .40 || 18, 3.60 {105 .34 .25| .40 |......
E 3.67 221|072 .23 23 ...... 19 ... ... 3.50 | 1.03| .35| .25 .40 |......
[: PO P 2,09 |...... .20 24 [Lo..... 200 ... 3.40 | 1.01| .34 .28 .43 |......
T P 2.01 §...... .30 24 |....... 2 3.32 ..., 35| .25 40 |......
2.00 354 .25 |....... W2l 3.22\...... 30| .25 .40 |......
JLoE | 371 .25 ]....... 23l 2.90 |...... 30| .24 1 N DO
1.82 P v T 8 D b S 2.75 f...... 281 .25 .40 |......
1.65 B340 .28 ... 25 .. 2.60 {...... 25 257 .40 (......
157 .35 25 ... 26.......... 2.55 |...... 25 23 .40 | 0.45
148 1. ... .38 29 [....... 27 2.42 |...... 23 | .25 .40 |......
1.31 451 .34 22 (... 28 .l 2.41 ... 20 .22 .40 (......
1.22 30| .30 33 [....... 29 ... 2.40 |...... 20 22 | .40 |......
1.22 351 .28 40 |....... 30 ..ail. 2.40 |...... .28 24| .40......
L1l 35| .28 45 ... 3 IR SRR IR L8 .. .38 |......
1.08 38 .27 40 ...,
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Mean daily gage height, in feet, of North Platte River at Mitchell, 1901-1906—Continued.

I

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

LI ZZIZZ..,‘ ............. L 520 |l

Mean daily discharge, in second-feel, of North Platte River at Mitchell, 1901-1906.

Day. June, | July. | Aug. | Sept.| Oct. | Nov. Day. June.|July. | Aug. | Sept.} Oct. | Nov,
398 | 320
386 | 298
409 | 298
409 | 340
420 | 320
363 | 330
375 | 330
351 | 341
319 | 313
309 | 308
303 { 330
245 | 287
245 | 287
320 | 308
. . \ . 218 |......
16......... 8,405 |1,294 | 432 | 308 | 443 |.......
| .
Day. | Feb. Mar. \ Apr. | May. | June. | July. } Aug. | Sept. Oct. Nov. Dec.
‘ |
4,695 | 2,910, 533 34 130
5,110 | 3,777 559 30 130
5,627 507 32 140
6,145 | 2,209 432 34 145
6,510 | 1,853 443 34 ...
6,877 1,853 455 34 | .
5,590 | 1,798 298 37 [eecunnen
5,590 | 1,779 329 44 ...
5,477 1724 329 4.
6,100 | 1,59 277 4.
5,839 | 1,406 245 48 1........
6,027 | 1,263 209 48 201
5,92 | 1,232 158 54 245
5,839 | 1,326 175 245
5,969 | 1,080 145 58 235
5,515 | 1,050 124 62 266
5,254 961 114 66 256
5,038 846 104 66 256
5,038 776 102 66 266
4,896 734 102 79 287
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Mean datly discharge, in second-feet, of North Platte River at Mitchell, 1901-1906—Cont’d.

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

720 94 89| 298
720 89| 109 329
748 84 114 351
666 79 99 363
598 74 99 386
639 70 104 443
612 66 104 432
598 62 124 443
860 54 19| 455
918 51 124 443
652 7 420
5,310 900 190 | 1,500
5,310 900 180 | 1,300
5,310 800 180 | 1,300
5,310 800 180 | 1,300
800 180 | 1,200
150 | 800 165 | 1,100
150 650 170 | 1,200
950 720 170 | 1,300
760 | 520 220 | 1,400
950 | 520 | 220] 1,500
2,810 650 165 | 1,400
2,810 520 180 | 1,400
2,670 | 520 180 | 1,400
2,410 | 580 580 | 1,400
2290 | 400 900 | 1,400
2,170 | 400 | 1,100 | 1,500
2,170 | 520 1,100 | 1,500
460 | 1,200 | 1,600 |
1,710 300 | 1,200 | 1,600 |.
220 | 1,200 | 1,500
400 |  200{ 1,200 1,500
300 | 200| 1,200 1,600 |
300 165 | 1,300 | 1,600 |-
600 | 350 | 1,300 | 1,500 |.
710 460 | 1,300 | 1,500
500 350 | 1,400 | 1,500 [........|........
200 190 | 1,400 | 1,
100 190 | 1,500 | 1,
000 190 | 1,400 | 1,
000 180 1,300 | 1,
000 190 |........ 1

2,160 660 | 400
660 750 | 5,765 | 9,530 | 2,160 | 480 | 400
660 | 1,510 | 5,550 | 10,555 | 1,985 | 570 | 340
660 | 2,160 | 6,655 | 10,040 | 1,985 660 | 340
510 | 2,160 | 6,430 | 8785| 1,810 | 480 340
510 | 2,160 | 12,700 | 9,030 | 1,810 | 480 | 340
225 | 2,340 | 12,700 |........ 1,810 400| 340
365 1 2,525 | 8,055 )........ 660 | 4801 340
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Mean daily discharge, in second-feet, of North Platte River at Mitchell, 1901-1906—Cont’d.

Day. Feb, | Mar. | Apr. | May. | June. | July Aug. | Sept. | Oct. | Nov. | Dec.
9,530 1 11,345 | 1,510 480 270
9,030 | 10,820 | 1,660 480 270
10,555 | 10,040 [ 1,510 400 270
8,540 | 9,530 [ 1,365 480 210
12,150 { 7,580 | 1,225 400 210
10,555 |........ 1.090 480 {........
480 | 8,300 | 15,100 } 8,300 | 1,980 670
720 | 8,300 | 14,300 | 8,300 | 1,720 520
720 | 8,900 | 13,500 | 8,300 | 1,980 520
6001 9,600 | 13,500 | 7,150 | 1,980 520
480 ' 10,300 | 13,500 | 6,600 | 1,720 520
1,480 | 9,600 | 13,500 | 6,050 | 1,720 380
1,480 | 10,300 | 13,500 | 5,500 | 1,720 380
1,480 | 11,100 | 14,300 | 5,500 | 1,480 520
1,480 | 10,800 | 15,900 | 5,000 | 1,480 520
1,480 | 10,300 | 15,100 | 4,520 | 1,480 450
1,720 | 9,600 | 15,100 | 3,650 | 1,480 380
1,980 | 8,900 | 15,100 { 3,650 | 1,480 380
1,980 | 8,900 | 16,800 | 3,260 | 1,850 380
2,260 | 8,600 | 16,800 | 2,900 | 2,260 380
2,260 | 8,300 | 15,100 | 2,570 | 1,720 380
2,570 | 8,300 | 14,300 | 2,415 | 1,480 380
2,900 | 8,300 | 13,500 { 2,260 | 1,250 380
3,260 | 7,700 | 13,500 } 1,980 |. 1,030 380
3,260 | 7,150 | 13,500 [ 1,720 | 1,030 380
3,260 | 7,150 | 12,700 | 1,720 935 380
3,260 | 7,700 | 12,700 | 1,480 840 380
4,070 | 8,300 | 11,900 | 1,480 | 1,030 380
4,520 | 8,900 | 10,300 { 1,600 | 1,030 380
5,000 | 14,300 | 9 1,720 840 380
5,500 | 12,700 | 9,250 | 1,720 840 380
8,300 | 11,900 | 8,900 | 1,480 840 380
8,900 | 11,900 | 8,300 | 1,980 755 380
8,300 | 12,700 | 7,700 | 2,260 670 380
9,600 | 13,500 { 7,700 { 2,260 " 520 " 380
8,900 | 14,300 | 7,700 | 2,120 520 380
........ 14,300 |..---...| 1,980 520 |........
6,110 | 1,640 940 680 1,160' ........
5,070 | 1,640 845 680 | 1, .
4,580 | 1,640 750 680 ) 1,
4,120 | 1,640 680 680 | 1,
3,680 | 1,510 680 680 | 1,
,680 | 1,380 680 600 | 1,450
,270 | 1,380 680 600 | 1,450 i.
1080 | 1,380 860 600 | 1,450 |
,890 | 1,920 770 600 | 1,200 |.
,890 | 1,640 680 500 | 1,200
,800 | 1,380 680 500 1 1,220 I,
,890 1 1,380 680 500 | 1,240 .
,270 | 1,380 770 500 | 1,240 |.
,270 | 1,380 960 500 1 1,500 |.
0270 | 1,150 960 500 | 1,750
,270 | 1,150 960 500 | 1,520
, 680 940 960 510 | 1,520 |.
,120 940 770 510 | 1,300 .
680 845 770 650 | 1,300 |
,270 750 770 650 | 1,300
2,890 750 770 675 | 1,300
2,890 940 600 700 | 1,300
2,890 | 1,380 640 700 | 1,300 |.
2,540 | 1,640 680 80 | 1,300 |.
2,540 | 1,920 850 | 1,820 | 1,300
2,220 | 1,920 680 | 1,070 | 1,080
2,220 | 1,920 530 900 | 1,080 |.
2,220 | 1,920 530 900 900 |.
2,070 | 1,640 530 900 720
1,920 | 1,380 605 900 720
1,640 1,150 |........ 900 [.......
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Estimated monthly discharge of North Platte River at Mitchell, 1901-1906.

[Drainage area, 24,400 square miles.]

65

Discharge in second-feet. Run-off.
Month and Total in Sec Ra.infal)]
year. acre-feet. ond-feet .| Per cent | (incheg).
Maximum. | Minimum. | Mean. per square Ii)ggﬁ];sm of
mile. * | rainfall.
2,170 1,200 1,632 100, 400 0. 067 0.08 10 0.78
, 040 935 1,239 76, 200 . 052 .06 9 .64
3,230 494 1,603 95, 500 . 066 .07 5 | 1.29
5,070 1, 600 2,862 170, 300 117 .13 9 | 1.37
2,980 710 1,511 89,900 . 062 .07 8 .91
9, 600 1,480 3,573 212, 600 . 146 .16 5 3.17
6,110 3,270 4,490 223,000 .184 .20 12 171
6,370 2,650 4,346 267,200 .178 .20 1 1.86
6, 580 3,410 4,471 274,900 .183 .21 m 1.83
12, 700 2,720 6,873 422, 600 .281 .32 1 2.78
14, 300 7,150 10,010 615, 500 . 410 .47 16 ! 2.85
15, 700 4,120 , 850 421,000 . 280 .32 13 2.47
|
\
12,120 4, 560 7,514 448, 000 .307 34 13 2. 54
6,880 2,700 4,915 242, 400 .202 .23 9 2.62
10,870 , 2 7,340 436,800 .300 .34 23 1.45
12,150 7,580 10,270 611,100 .421 47 17 2.81
16,800 7,700 12,760 759, 300 . 520 .58 43 1.34
15,700 6,110 9,260 551, 000 .379 .42 29 1.46
4,530 1,050 2,353 [+ 35111 3 PO PO .80
3,780 508 1,308 80, 400 . 053 .06 4 1.4
5,310 1,000 2,632 161, 800 . 107 .12 6 2.02
5,330 1,090 2,875 176,800 .118 .14 9 1.52
8,300 1,480 3,594 221, 000 . 147 A7 9 1.94
6,110 1,640 3,190 196, 000 .131 .15 11 1. 40
566 218 398 16,300 {oouuennneaiformannneanfonnnnnaans 107
559 44 207 , 700 . 008 .01 1 .90
900 165 472 29, 000 .019 .02 1 1.56
842 400 594 36, 500 . 024 .03 e 5 .63
2,260 520 1,296 79,700 . 053 .06 5 1.10
1,920 750 1,410 86,700 . 058 .07 5 1.48
422 210 322 19, 200 .013 .01 1 .83
124 30 69 4,100 . 003 . 003 0.1 1.96
1, 500 165 765 45, 500 . 031 .03 2 1.66
498 225 382 22,700 . 016 .02 2 .93
670 380 420 25,000 .017 .02 2 1.22
960 530 742 44,200 . 030 .03 1 1.94
520 235 384 23, 600 .016 .02 2 .92
130 299 18, 400 .012 .01 1 .85
1,710 1,100 1,449 89,100 . 059 .07 13 .52
625 170 307 X .013 .02 2 .86
670 380 460 28,300 .019 .02 3 .79
1,820 500 708 43, 500 . 029 .03 2 1.88
776 374 563 24, 600 .14
2,170 1,500 1,762 55,900 |... .26
512 280 398 23,700 . .02
1,750 720 1,270 75,600 . 052 .06 7 .88
a July 1 to 20. b August 12 to 31. ¢ November 1 to 22. d November 1 to 16.

72607—1igrR 230—09——15
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NORTH PLATTE RIVER AT GERING.

Observations were begun at Gering May 29, 1897, and were con-
tinued during the open seasons until 1901, when the Mitchell station
was established. The station is 1 mile north of Gering and is shown
on the Scotts Bluff topographic atlas sheet.

The channel is straight at the section and the bed is composed of
shifting sand. The banks-are low but seldom overflow.

The gage was on the upstream side of the highway bridge from
which the measurements were made, being spiked to a piling near
the right bank. The bench mark was a spike in the top of the
upstream end of the first cap from the right end of the bridge; eleva-
tion, 6.61 feet above zero of the gage.

Discharge measurements of North Platte River at Gering, 1897-1901.

Gage | Dis- Gage | Dis-

Date. Hydrographer. height.| charge. Date. Hydrographer. height.| charge.
1897, Feet. | Sec.~ft. 1900. Feet. | Sec.ft.

May 29...... O.V.P.Stout.._.| 3.28 | 23,364 Apnl 18....... R. H. Willis...... 1.67 5,251
September .l do............ .90 500 || April 27.. A P do............ 1.90 7,138
November 2...[..... do.......o.... 1.02 661 || May 11._. s s S, 2.16 10 980
June 12 . . do....aii.als 2.86 13, 706

June 21.. (¢ L 2.24 9,230

1.50 3,572 || June 28. . do............ 1.80 6,321

2.20 | 9,307 || July 9.... fS T TR 1.45 | 2,874

2.20 8,751 || July 19... I L 1. 55 3,947

v do 1.70 | 5237 | August 1... oot L15| 1,152
November 7...| A. B. McCoskey...| 1.06 " 593 || August 10.. do............ 1.02 849
August 22.... do............ .93 529

1899. August 30.... IR [ . .84 395
April 10....... 1.48 3,412 || Septesnber1l../ .. .do............ .96 385
April 21, ... do 2.11 9,140 || September20..|..... do............ .85 356
ay 2.. ol 2.35 | 10,364 || September26..| A. B. McCoskey...|....... 333
May 6. loe 2.10 8,543 || October 19....| R. H. Willis....__ .32 486
May 26........ .- 2.90 | 12,325 |! October 20....0..... do ............ .35 399
June6........ do 2.70 | 13,393 || October 30... . |.....do........._.. .45 522
June 14....... A. B. McCoskey...|....... 16,105 | November 5...| A. B. McCoskey... ....... 625

1901.
Junel........ O.V.P.Stout....| 3.45| 10,630
Mean daily gage height, in feet, of North Platte River at Gering, 1897-1900.
Day. May. | June.| July. | Aug. | Sept.| Oct. Day. May. |June. | July.| Aug. | Sept.| Oct.
1897.

180 1.20} .10 | 0.80 | 17-..comcioi]emenni]onnnnn 1.30 | 1.40 | 0.90 | 0.95

1.80 | 1.10 ' 1.10 JR- (U001 0 £ S P .| 1.40 [ 1.30 | .90 95

1.80 | 1.10 1.10 .80 || 19 1.50 | 1.20 | .90 95
1.70 | 1.20 | 1.00 .80 || 20 1.30 | 1.2 .90 95

1.70 | 1.10 | 1.00 .80 | 21 1.30 | .10 | .90 95

1.60 | 1,10 | 1.00 .80 || 22.. 1.30 | 1.10 | .85 .95

1.50 | 1.10 | 1.00 .80 || 23 1.301.00| .85 .95

1.50 | 1.30 | .90 .80 || 24.. 1.30 | 1.00 | .85 | 1.00

1.60 | 1.30 90 L80 1 26, oL .1 1.30 | 1.00 | .85 1.00

1.70 | 1.50 90 L85 |1 26.. .. [ [P 1.30| .90 .85} 1.00

1.50 [ 1.30 | .90 .85 1.30 [ .90 85 .95

-/ 1.40 | 1.30 | .90 .85 .| 1L.30| .9 85 .95

.1 1.40 1 1.30 [ .90 .90 4130 .90 80 .95

| 130} 1.40 | .90 .90 [ 1.20] .90 80 .95

1.30 | 1.40 | .90 .90 1.20 ) .90 |.ceoifonenns

1.30 | 1.40 | .90 .90
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Mean daily gage height, in feet, of North Platte River at Ge

rmng,

Nov.

Oct.

SERS288

e L i

Sept.

= H

- sgsng ss8ss

= et et e
<

B SEkBE  SRERS

= -2 . JU. - ok ok prd 4t
-

¢ RISRRY
-

. "]IQEW

b | BEEREXe oiEEE @OI|WE KRR Semme SR M|MOTS SaETT mEAes S e e e o .

1 NN
=

W H .

< H .

N

Prid

I

M

N

I

I

I

. . S0

g | g g

2| & R

B

R

A

Pl

EREE

123.4.5.




68

SURFACE WATER SUPPLY OF NEBRASKA.

Mean daily gage height, in feet, of North Platte River at Gering, 1897-1900—Continued.

Day.

Apr.

May.

July.

Oct. Nov.

2.56
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e e

26 0.40
27 .41
27 .40
27 .42
26 1.05
25 1.04
.23 1.03
.24 1.04
.24 1.05
223 ...l
24 (........
17 3 .
[~ 10 PN
32 faeen...
I3 N P,

Mean daily discharge, in secondfeet, of North Platte River at Gering, 1897-1900.

Day. May. [June. . |Sept. | Oct. May. .| Sept. | Oct.
4,269 815 455 1,428 500 550
4,269 815 455 1,847 500! 550
4,269, 815 455 2, 34! 500f 550
3,552, 620( 455 1, 421 500, 550
3, 552, 6201 455 1,428 500 550
2, 909 620] 455 1,428 468 550
2, 340 620f 455 1, 428 468/ 550
2, 340 5001 455 1, 428 468 620
2,909 500f 455 1,428 468] 620
3, 557 500| 468 1,428 468 620
2, 340 500, 468 1,428 468 550
1,847 500 468 1,428 468 550
1,847 500 500 1, 428] 455 550
1, 428, 5001 500 1,084 455, 550
1, 428 550 500 1,084 500......0......
1,428 500{ 500

Apr. June. Aug. | Sept. Oct.
4,900 | 12,150 | 5,750 100 100
4,200 | 11,150 | 4,900 100 100
4,900 | 11,150 | 4,200 100 100
5,760 | 10,100 | 3,400 100 100
6,500 | 10,100 | 3,000 50 100
5,750 | 9,200 | 3,400 50 150
4,900 | 9,200 | 2,700 100 150
4,900 | 9,200 2,000 100 150
4,900 | 9,200 | 2,000 200 150
4,900 | 8, 2,000 100 150
4,200 | 8,250 | 2,000 100 200
4,200 | 8,250 | 2,000 100 200
3,400 | 7,400 | 2,000 100 200
3,400 | 8,250 | 2,700 100 200
3,400 | 8,250 | 2,000 100 200




PLATTE RIVER DRAINAGE DASIN. 69

Mean daily discharge, in second-feet, of North Platte River at Gering, 1897-1900—Cont’d.

i
Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct.

4,200 2,000 100 | 100 200
4,900 2,000 | 200 | 100 350
5,750 2,000 | 200| 100 350
6,500 2,000 | 200| 100 350
6,500 2,000 | 100| 100 350
7,400 1,650 | 200 | 100 350
7,400 1,000 [ 200 100 350
8,250 1,000 | 200 100 350
8, 250 1,000 | 200| 100 350
7,400 1,000 100 | 100 500
6,500 1,000 [ 100 100 5
650 100 100 350

650 | 100 | 100 350

60| 100| 100 350

650 | 100| 100 350

........ 100 ..., 350

18,085 | 4,452 | 1,316 893

17,250 | 4,785 | 1,146 803

16,541 | 5,197 | 1,020 893

16,085 | 4,854 | 1,062 893

16,200 | 4,062 | 1,104 935

11,605 | 15,5014 | 3,936 | 935 893
15,741 | 15,067 | 3,753 803 803

125 | 14,625 | 3,507 | 851 893

13,869 | 3,446 | 815 893

12,200 | 3,097 | 815 803

10,352 | 2,489 653 | 1,777
9,708 | 2,329 83| 1,770
8,552 | 2,077 83 | 2,000
7,700 | 2,026 800 | 2,275
7024 | 2,275 | 854 | 2,975
7,144 | 2,275 | 803 | 2,000
6,505 | 2,275 737 | 2,000
6,213 | 1,730 757 | 2,000
5,843 | 1,730 893 | 2,275
5,553 | 1,684 803 | 2,275
5,266 | 1,777 700 | 2,275
45821 1,639 3T 2,205
4,582 | 1,454 {........ 2,275
5,320 | 1,157 | 400 400
5,120 | 1,150 400 400
5110 | 1,100 400 400
5,000 | 1,100 400 400
4200 | 1,050 | 400 400
3,600 | 1,050 400 400
3,550 | 1,000 400 400
2960 | 950 | 400 400
2850 | 900 | 400 400
2,720 | 849 400 400

.
2,200 800 | 385 400
1,750 | 800| 37 450
1,300 7501 375 400
nao| ol 360 450
2,275 700 | 360 450
1,90 | 700 360 450
2,300 | 600| 360 450
2,430 | 600 | 360 a5
4 550 | 360 486

el
28
g
&
=

g
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Mean daily discharge, in second-feet, of North Platte River at Gering, 1897-1900—Cont’d.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct.
12,200,| 8,400 | 2,200 550 360 400
12,390 |- 7,450 | 2,390 529 360 400
11,310 | 6,650 | 1,950 500 360 425
10,700 | 6,690 | 2,280 500 360 425
10,250 | 6,930 | 2,790 475 375 425
9,870 | 6,710 | 1,700 450 375 450
10,390 | 6,380 | 1,690 400 375 450
,680 | 6,380 | 1, 400 375 475
11,800 | 5,950 | 1,200 400 375 475
12,400 | 5,400 | 1,200 395 375 500
13,210 |........ 1,200 |ooni ]t 522

Estimated monthly discharge of North Plaite River at Gering.
[Drainage area, 24,400 square miles. ]
Discharge in second-feet. Run-off.
Month and Totai_l in S 4 Rainfall
year. acre-feet. econd-feet De: . (inches).
L pthin | Per cent
Maximum. | Minimum. | Mean. pel;rsx%gare inches. |of rainfall.

6, 500 1,000 3,108 1.07
14,080 3,150 9,448 .78
1,900 4,400 6, 582 4.45
18, 500 . 3,400 7,326 4.37
15,290 4,990 9, 649 3.14
14, 800 9, 480 11,672 69
26,000 4,850 13, 622 810, 600 . 558 .62 49 1. 26
12,150 5,750 , 002 535, 600 .368 .41 25 1.64
23, 500 10, 350 16,025 953, 600 .615 .73 45 1.63
15,800 5,400 | 10,737 3 .439 .49 67 .73
4,270 1,080 2,140 131, 600 .088 .10 7 1.51
5,750 650 2,048 125, 900 .084 .10 6 1.73
18,080 4, 580 10, 823 665, . 443 .52 35 1.49
5,320 1,200 2, 689 165, 300 .110 .13 6 2.28
2,340 500 1,071 65,900 .044 .04 2 1.77
350 100 177 10,900 .007 .01 1 .75
5,200 1,450 2,964 182, 200 .121 .14 12 117
1,160 395 713 43, 800 .029 .03 6 .49
815 455 537 32,000 .022 .02 4 .45
200 50 100 5,900 . 004 . 005 1 .42
1,320 584 844 50,200 .035 .04 7 .54
400 356 378 22, 500 .015 .02 2 1.30
620 455 514 31, 600 .021 .02 4 .46
500 100 258 15,900 011 .01 1 .72
2,280 893 1, 501 , 300 . 061 07 5 1.33
522 399 431 26, 500 .018 .02 4 .55

& April 10 to 30.

b April 18 to 30.
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NORTH PLATTE RIVER AT CAMP CLARKE.

The station at Camp Clarke was established June 27, 1896, and
observations were continued until the close of the season in 1900.
The station was located at the highway bridge at Camp Clarke, in
sec. 22, T. 20 N., R. 51 W, and is shown on the Camp Clarke topo-
graphic atlas sheet.

The channel is wide and the water is shallow. The bed is com-
posed of shifting sand, and although the banks are low they are not
liable to overflow.

The inclined staff gage was located on the right bank 40 feet up-
stream from the bridge. A spike in the northeast side of the down-
stream pile at the north end of the first truss span at the right end of
the bridge; elevation, 7.55 feet above the zero of the gage. A
marked point on the southeast corner of the window sill at the front
of the general store; elevation, 9.74 feet above the zero of the gage.

Discharge measurements of North Platte River at Camp Clarke, 1891-1901.

Gage | Dis- Gage | Dis-
Date. Hydrographer. height.| charge. Date. Hydrographer. lheight. charge.
1891. Feet. | Sec~ft. 1899, Feet. | Sec.ft.
May29....._.. United States Geo- |....... 8,075 || May 17........ 3.52 9,953
logical Survey. May 27... . 3.90 | 14,335
1892. June 8.__. 4.42 | 15,807
October 8.....1..... do. . ..lell. 333 || July 29... 3.09 5,
' August 5 2.90 4,893
1894.
July 26........ 0.V Stout.....|.......
3.28 4,928
1896. 3.71 7,146
June27._..._|..... do............ 3.18 4.10 | 11,838
August 10. ... R. H Wlllxs ...... 2.4 4.27 | 11,334
November 21..[.....do. . ... .. ... 2.70 3.75 7,695
3.35 4,049
1897. 2.74 2,116
. Septemberl2.. 3.08 3,654
2.61 1,624
1898. 2.20 501
May6......... 3 August 24, . 2.05 421
May 27........ ".do L 6, 170 || September i2. 1.96 1274
June8...._ .. .. . .- 7,553 || September2i. 2.08 320
June 17...... 7,391 || October 3.... 2.08 246
June 29. . 5,170 || October 20. 2.10 234
September 28.. 150 |} October 31... 2.18 377
October 31. .. 2.26 610
1899.
2.57 2,484 1901.
3.45 8 462 || June 27.......|..... do..oiiiieeiin 5,800
3.41 7, 825 (| July 10... ... [..... {6 1 TR 2,900




SURFACE WATER SUPPLY OF NEBRASKA.

Mean daily gage height, in feet, of North Platte River at Camp Clarke, 1896-1900.
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1896-1900—Con.

PLATTE RIVER DRAINAGE BASIN.

Mean daily gage height, in feet, of North Platte River at Camp Clarke,

-
g P

4 D

£ BRFER

% e e et

o 23332 JBBBE IR I

W e e e e e

s RURTE IESEE BT IRIRR SRR ISBBBE
2 PP T T R A D R Dk R U S U A R O R A - P R R
2 SSREE BRNBE IRBIS EI[BB IXIFE ¥88589
2 Gedcicial cinicicial Naicce ccoN cccce ceicicieed
& SRBBR ATHEIB VEIT 8381BE BHIBR TIIK/K
g BB Bes dedcdeiol edededed Sededmed wedededed dedededed |
- .
s S3EEY 5888 SZ83P I[A8S IRLERS IS8BHS
g Ncicicdel dedededed i NN Sededaics ediwod
g

<

5

=

2

1

Jan.

Day.




4

SURFACE WATER SUPPLY OF NEBRASKA.

Mean daily gage height, in feet, of North Platte River at Camp Clarke, 1896-1900-—Con.

Day. Jan. Apr. | May. Aug. Oct. | Nov.
3.98 4.52 2.95 2.24 1.97 2.15 2.25
3.80 | 4.48| 291 2.26| 198 211 2.26
3.92| 443 27| 220 193] 2.10 2.28
3.84 4.48 2.70 2.20 2.03 2.10 2.:0
3.94| 4.42) 2.73| 2.20| 2.08| 2.08 2.:1
3.92 4.34 2.71 2.16 2.10 2.09
3.09 | 4.38| 2.62| 215 2.09| 211
4.02 4.27 2.62 2.15 1.96 2.14
4.10 4.25 2.62 2.15 1.98 2.16 |.
4.19| 428, 2.74| 211 205] 2.18
4.27 0 417 272 2.1 2.02| 215
4.34) 410| 2.62] 210| 2.05| 2.15
4.23 3.90 2.73 2.07 2.07 2.16
412 3.8 | 2.68| 2.05| 2.04| 218
4.05 3.84 3.05 2.07 2.01 2.19
4.07 3.81 2.83 2.05 2.03 2.20
4.09 3.75 2.77 2.03 2.02 2.21 |.

4.05 3.51 2.78 2.06 2.01 2.20 |.
3.91 3.52 2.83 2.03 2.15 2.20 |.
3.90 3.48 2.62 2.01 2.19 2.21
3.8 | ,3.41 2.70] 2.00| 2.20| 2.21
3.78 3.39 2.59 1.90 2.15 2.22 |.
3.01 | 3.4 2.5 1.90( 2.15 2.21 {.
4.01 3.33 2.50 1.93 2.14 2.23 |.
4.11 3.3 2.40 1.95 2.10 2.25 |.
4.15 2.32 1.99 |........ 2.25

Mean daily discharge, in second-feel, of North Platte River at Camp Clarke, 1896-1900.

Day.

Oct. | N 6v.

. | Sept. | Oct.

Nov.

Apr. July. Sept. Oct.
7,960 4.300 740 580 380
8,390 4,195 835 565 370
7,960 5,810 | 1,160 565 400
7,960 3,250 | 1,210 580 400
8,39 2,950 | 1,040 550 400
7,960 2,760 | 1,160 500 410
8,390 2,440 | 1,260 490 410
7,960 2,440 [........ 475 430
8,390 X 1,400 475 430
8,390 3,000 000 450 410
9,250 2,700 000 459 475
9,250 2,400 560 450 |........
8,820 2, 400 650 490 465
8, 390 2,040 , 620 475 450
7,960 1,850 , 420 515 450
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Mean daily discharge, in second-feet, of North Platte River at Camp Clarke, etc.—Cont’d.

|

Day. Apr. ‘ May. l June. | July. | Aug. i Sept. | Oct.
1897.

7,100 | 1,560 | 1,270 515 465

7,100 | 1,350 | 1,160 530 465

7,630 | 1,710 | 1,135 500 475

7,530 | 2,600 . 000 540 465

7,530 | 1,650 835 515 516

6,670 | 1,420 720 490 530

6,670 | 1,480 | ....... 450 600

5,380 | 1,420 740 440 565

5,380 | 1,560 645 450 555

4,950 | 1,360 660 440 565

4,950 | 1,210 610 450 600

4,950 | 1,350 580 465 610

4,950 | 1,210 610 450 580

5,780 | 1,310 610 465 600

4,520 | 1,440 550 410 600

........ 930 580 |o.oan... 600

