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§1. In countries where irrigation is practiced, it is often the
case that, though streams may be drained dry by the diversion of
the waters into canals, not far below the stream will again be of
considerable size, and this without the inflow of visible tributaries.

§2. This may become of considerable economic importance,
as it already has in the valleys whose measurements are here re-
ported.  In the valley of the Poudre, the seepage water is worth,
A prices at which sales have already been made, from $300,000 ta
$300,000 at the least, and the waters of the Platte from two to
three million dollars. Tt is of corresponding importance in the val-
leys of Clear Creek, St. Vrain, and others. Of such importance al-
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ready, it promises, if the deductions of the bulletin are correct,
be of still greater importance in the future and in the development
of the State. Certainly it is true that the value of water will stead.
ily increase.

The experience of all irrigation countries shows that their
prosperity is largely bound up in the water question—in the cer.
tainty of water, in the security of their rights, and the freedom
from abuse. They have found themselves often bound by customs
and laws, now become fixed, formed as the practice developed erad-
ually.  We are in danger of such here, mostly from lack of kuow-
ledge of the conditions. This bulletin is a contribution toward a
better knowledge of one condition of water supply, which has al
ready given rise to much vexatious litigation, to sonie harmful divis
ions, and to some unrest among those atfected one way or another.

§3. The increase which is found in such rivers is attributed to
the mmflow from innumerable springs fed and supplied by the water
which has been applied in irrigation upon the higher lands. In
Irrigation, more water is applied than the crop uses. Of that
applied, some is used by the crop and storved in its tissues; more is
transpired in the process of growth; some is evaporated from the
soil; a portion is usually lost by surface run-oftf; a certain amount
passes down into the ground and disappears. This varies in
amount and depends upon various conditions.  Usually concurrent
observations show that this water passes directly downwards, with
little or no lateral movement except capillary ifmbibition, untl
reaching an impervious stratum, when, filling the interstices, it grad-
ually rises in the subsoil, and passes laterally with a slow move
ment due to the slope of the water surface which is thus formed
When the passage takes place through the interstices of the soil the
movement is very slow, much slower than is ordinarily supposgd by
those first encountering the subject. It is faster as the material is
coarser. Where there are perceptible chanmnels, the movement may
be relatively rapid. .

§ 4 One of the first effects noted in irrigation where tne 50}1
is pervious, is in the filling of the subsoil. The first evidence 8
found in the gradual rising of the water in the wells which ma
have been sunk. Throughout the United States where irrigation 18
practiced, the evidence is ample, for as the application has beel}
made within a single generation, the changes which have ensueruf
from the application of water are within the memory of hosts ")t
living observers. In many places in the Poudre valley, Wherei1
was originally forty or fifty feet to water, water now stands fr0}11 teq
to twenty feet from the surface, the subsoil having been filled t0°
depth of twenty to forty feet.

There is sometimes a lowering during some seasons O .
year, due to the lateral passage of the water. The lateral passe

f the
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has had the effect in some places of filling in the ground until in
some places the water shows on the surface, water-logging or seeping
the ground, rendering it unfit for cultivation and capable of grow-
ing only sedges, cat-tails, and other water-loving plants. Sometimes
on the evaporation of the water, a deposit of alkali is left, render-
ing the land unfit for cultivation without draining. These effects.
are fonud underneath the lines of ditches, so that many companies
insert clauses in their contracts for water or for right-of-way freeing
the company from liability for damage of such nature. In other
cases where contracts do not prevent, it has given rise to suits for
damage from such cause.

The water usually first appears near the canal, and progres-
sively further away year by year.

§5. The phenomenon has been but little studied. The rea-
son has doubtless been that in most countries irrigation is of such
age that there is no record with which to compare the condition
now and before irrigation, and the changes due to the construction
of canals have been lost in the centuries which have elapsed.
There is, however, land in Lombardy which is manifestly seeped and
water-logged, and has every appearance of being due to irrigation.
Pavia Canal, between Milan and Pavia, built in the early part of
this century, has damaged much land. There is loss from the
canals themselves, as well as from the water which is applied to
the soil.

Wherever the conditions before the construction of canals are
within the range of memory, the fact has been observed to a greater
or less extent.

Year by year the effect is found farther and farther away from
the canal, or from the irrigated locality, as the case may be. In
course of time, the waters which are percolating through the subsoil
reach the thalweg or the depression of a “draw,” or a river, and
Increase the waters passing therein.

It, therefore, happens that the depressions or draws, which in
Colorado are usually dry before irrigation is practiced, contain liv-
g streams after irrigation has been carried on for some time.
While the Poudre river varies during the year from a maximum of
3000 to 5,000 cubic feet per second to a minimum of 50 to
100 cubic feet per second, or may vary by forty to eighty times the
minimun flow, and other streams correspondingly, these seepage
Waters will not often vary twice their minimum flow. In consequence
the water rights in the seepage channels are usually considered
more valuable than those in the river waters.

. The particular places at which the waters come to the surface
will generally be determined by the nearness of the underlying rock.
"Tequently the water shows in a particular locality, so that thereisa
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localized gathering area. There may Dbe several on some of the
channels, so that different seepage ditches may be supplied.

§$6. The present measures which are reported, include measure-
ments made on the Cache a la Poudre river and on the Soutl
Platte, in Colorado. Most of the measurements have been made o
the former, and have been for the object of determining the amount
" of the increase in the stream; the relation between the increase and
the amount of water applied; between the increase and the area
irrigated; and to collect data which should give the means of study-
ing these facts and other phenowena of the return of the waters.
The measures on the Platte have been for the same purpose and in
connection with the office of the State Engineer of Colorado. Toa
greater degree, the measures on the Platte were taken because of the
light they might show on certain inter-state questions which have,
or may arise. and on some points that could not be decided from
the Poudre alone.

The present and future importance of the inflow was under
estimated. In the course of the measures, the facts determined
have led to mueh wider and more useful application than was
anticipated during their progress.

METHODS OF GAGING.

§7. The points at which gagings were made are scattered over
a distance of 200 miles by the river, without following its meander-
ings. The distance to be traveled by road ismuch in excess of this;
and the distance is made longer for the reason that the highway
does not follow the river, and at many points the headgates and
places of gaging are not easily accessible. Some roads cross
fields and, until an intimate acquaintance is gained with the river
and the special by-ways, time is lost in passing from one point to
another. ,
The first measurement on the Poudre was usually made at the
gaging station in the Canon, about 12 miles from the College, at the
pointindicated on the map [page 16]. Oun the way the ditches on one
side of the river would be examined and the in-takes measured.
Where the water exceeded more than a few inches in depth in the
smaller chanuels, or where there was sufficient to measure by t._he
current meter, the meter was used to determine the velocity
and thus determine the amouut entering the canal. In cases where
the canal was small and the in-take at the time of gaging was lit
tle, surface floats were often used, and the mean velocity determ}ned
in this manner. While not overly accurate, the results obtained
can usnally be depended upon to within a few per cent., and the
absolute error where used is too small to make any apprecxable
effect in the general result.
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In gaging the river at the regular gaging station, which
isat a point in the Canon above the headgates of all the principal
canals, a tape is stretched across the river between points on the
‘masonty side walls and the depth of the water at each one-foot or
two-foot interval measured throughout the entire width, which is
very nearly 100 feet. Then observations were taken with the cur-
rent meter, nsually at two-foot intervals, sometimes at less, across
the stream.  As most of these gagings were made at a time of low
water in the spring, or low water in the fall, the meter has been held
v hand and  the gager has waded thie stream. At other points on
the river where gagings were made the method has bLeen essenti-
ally the same, although the cross-sections have not been as favor-
able as at the gaging station. It is not thought, however, that any
material error has crept in from these sources. In the notes on the
measurenments some individual sources of error are noted. ’

DESCRIPTION OF THE POUDRE VALLEY, IN WHICH THE MEASUREMENTS
WERE TAKEN.

§8. The measurements have been made on the Cacheala Pou-
dre river and also on the South Platte. The “ Poudre,” as it is called,
is the river which drains the valley in which the State Agricultural
College is located, and 1is, therefore, the most easy of access for the
purpose of thisand similar investigations. It hasthe additional ad-
vantage of being one of the largest irrigation streams in the State, and
one which has been the best used for irrigation purposes, and where
imigation has been carried on as completely and successtully as in
any part of the United States. There is in addition as large a body
of land irrigated in one tract as anywhere in the United States. The
Plxgnomena observed are, therefore, found under conditions of irri-
gation on a large scale. They are of great econowmic importance to
this valley, and may be expected to hold true of other valleys under
smilar  conditions, and where irrigation has been practiced as
long as it has here.

The map in the inset [page 16] is intended to give an under-
standing of the conditions which may affect the return waters in
tlis valley. The gaging station is indicated near the left of the
hap, below the junction of the north Poudre with the main stream.
(\17'16 only canal above this point which needs consideration is the
Sorth Poudre canal, shown on the map, irrigating some 4,000 acres,
Principally in the valley of the Box Elder.

The main trend of the valley is to the southeast. Near the
Stream the land is low, the bottom land varying in width from one-

Alf to two miles. These bottoms have been occupied in times past
¥ the bed of the stream, which is subject to shifting at times of
igh water.  With the decrease of floods, and with the use of water
Of irigation, the changes are less.
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As we pass out of the first bottoms, we reach successively ty
or three terraces, or mesas, which are generally sandier ap
stretch back for varying distances. On the north side of the strea
the watershed extends many miles, and the streams here indicate
as Dry creek, Box Elder creek, Lone Tree creek, and seven
smaller channels, are simply ravines or depressions which at tiny
after storms are filled with water and may become at such perioc
raging torrents. Ordinarily their beds are sharply marked an
have a clear tributary country ; they are entirely dry, giving alme:
no indication whatever of water. After their channels cross tk
lines of the canals and enter the irrigated country, these strean
begin to carry running water.

Theslines of the canals, which follow approximately conto
lines, indicate by their bends the general character of the countr
and the slope. On the north side of the river the land, as a whol
is more uniform than on the south side. Nearly all the irrigatio
is, therefore, confined to the north side of the river; the exceptio
being in the region near Fort Collins, and a little space ner
Greeley. Between the two there is a rougher and more broke
country on the south side of the stream, not easily reached b
canals from the Poudre.

On the south side, the divide which separates the Poudre fro
the Big Thompson is but a few miles from the main river, and ¢
we reach range sixty-eight, the location of the divide is indicate
closely by the ditch which takes from the stream to the soutl
Some of the waste of this canal passes into the Poudre river. T
the west, the drainage on the south side, even the mountain drait
age, does not flow into the Poudre to any great extent, the later:
valleys being nearly all tributary to the stream to the south.

The foothills are near the western portion of range sixty-ni
following a line a little east of south. The first ranges, generall
known as hogbacks, are formed of gray sandstone, and very shortl
afterward the granite is met with, forming the foothills of the ma
Rockies. The sandstone appears in ridges, and even on the plair
for miles the same general appearance may be seen in the burte
ridges which traverse the country from north to south, and wad
evident on the map by the intermediate valleys, in which o
streams like Dry creek, Box Elder creek, etc, approximately [
allel for a long distance and separated by pronounced ridge
These ridges sometimes form natural basins, which have bee‘
largely used for storage purposes. As the amount of water th‘%‘_
stored affects, to some extent, the amount of return waters, the pnit
cipal reservoirs in use are indicated on the map. o

§9. As the length of time that irrigation has been pl‘jd("tl(’e“1
together with the distance of the land from the river, is an nnpi}l’
ant element in the amouni of seepage, a fuller description of th
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valley is needed with reference to its irrigation. The crops grown
in the valley are principally the cereals, alfalfa, and potatoes. Pota-
toes have been extensively grown only during the last few years,
and the greater part of this crop has been grown near the lower end
of the valley. The upper end of the valley is confined almost
exclusively to alfalfa and grain, with some market gardens. The
distribution of the crops affects the application of the water, both
in arcount and in time of application. The grains receive water
early in the season, and rarely any after July 1. Alfalfa receives
from one to three irrigations, commonly two, one often in May.
Two will be given, then, and if late water be sufficient, a third in
August, after the second cutting ; this is by flooding. For potatoes,
the ground may be irrigated before plowing. If not, then irrigation
will usually be commenced in July or early in August, and is
practically over by the end of the first week in September, the
active period being confined to five or six weeks. With the crops
thus grown, 1rrigation extends from May to September, with minor
quantities applied to orchards and gardens both earlier and later.
More water is applied in June than in any other month. Until the de-
velopment of storage capacity by the construction of reservoirs, the
amount of water applied in August was necessarily limited by the
stage of the river  Since then, more is applied, and this being for
potatoes, is largely applied to the section composing the east, half
of the valley.

§10. Of the canals shown on the north side of the river, the
Cache ala Poudre No. 2 is the oldest of the large canals, being one of
the original Greeley colony canals. The land irrigated under the
Cache a la Poudre No. 2 has been almost fully occupied for a num-
ber of years. Some of theland near the upper end has become too
wet to need water, and the stock representing the water hitherto
applied to this land has been sold and the water is now largely
applied to land lower down the canal, and largely drains into the
Lone Tree creek, which empties into the Platte just below the mouth
of the Poudre. The Larimer & Weld comes next in point of
time of construction, dating from 1879-81. It is the largest of the
ditches, having an appropriation of 720 cubic feet per second, and
a capacity still greater for a portion of its length. The amount of
land brought under irrigation from this canal has largely increased
during the past few years. The Larimer County canal has been
still more recently constructed, and waters the country still farther
from the river to the extent of something like 16,000 or 20,000
acres.  Owing to the later appropriation of this canal, and the low
stage of water in the river for some years, this canal has not been
able to apply as much water compared with its land as the others
mentioned, until within the last few years. Recently, by the devel-
opment of their system of storage reservoirs, combined with the
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construction of a canal bringing water from the watershed of the
Laramie river, this canal has been able in 1894 and 1895 to secure
an amount of water more nearly comparable with the others.

On the south side of the river the canals are mostly small, and
have irrigated essentially the same land and the same amount for a
number of years.

The other canals of the river have not changed to any great
extent in the amount or the distribution of the land irrigated,
for eight or ten years. It will be shown later that there is reason to
suppose that the water passes through the ground at a very slow
rate. Hence the amount of the land irrigated and the time when
brought under cultivation will make some difference with the
return waters. It seems probable that the seepage due to much
of the land under the Larimer & Weld canal, and from the
Larimer County, as well as all from the North Poudre canal, has
not vet reachied the river.

The point where the weir is placed at the canon isin a granite
formation inside the foothills. Within a short distance, the Poudre
passes out of the granite and cuts across the upturned edges of
sandstones of the Jurassic and Cretaceous periods, and its course
from this point until it reaches the Platte is across the
slightly upturned edges of the strata, which are mostly shale and
some sandstone. In sowme places these form marked ridges across
the country, extending slightly northwest. Their effect will be
noticed in the map in the case of the drainage on the north side of
the Poudre, where many of these small streams extend to the north |
for a long distance. The canals show the contours approximately
as far up as these go.

CHARACTER OF THE STREAM.

§11. The character of the stream is essentially that of all our
mountain streams, as its source of water supply is in the
snows of the mountains. It is low in the spring, increasing from
April to the middle of June, when it reaches its highest stage; then
decreasing, reaching its low stage again in September. It remains
low during the winter. Its maximum discharge may vary from
3,000 to 5,000 cubic feet per second. Its average winter flow 18
from 50 to 100 cubic feet per second. Its average flow is shown m
the following table, the averages being made from records of from
three to twelve years for the different months:
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TABLE I.

January.............. .ol 110 cublc feet per second
February ..................... 83 Heoow
March ..........c..oco it 70 ¢ v b
April ... oo 237 ¢ woow ‘
May ... o 1,245 ¢ “ow o
June........ ... 2,017 o w ¢
July ... 1,018 ¢« “oow b
Auvgust ...l 362 0« oo ¢
September .................... 173« woow e
October...............coiin. 136 “ooe s
November...:.. .............. 81 ¢ b e
December .................... 7 * o “

CONDITIONS AFFECTING ACCURACY.

§12. The stream iwself is subject to fluctuations, which, how-
ever, are more noticeable at times of high water during the sum-
mer than at low water, or at the times at which measurements
were made.  When the snow is melting rapidly the effect of the
daily heat is to increase the guautity of snow melted and thus
icrease the height of water in the-river. This makes a very per-
eeptible daily tlde the hour at which it reaches the gaging station
varving accoldmg to the stage ol the river and the distance from
which the water comes. When the water is low, the daily rise is
later than when the water is high. With higli water the greatest
height occurs at irom 4 to 6 o'clock In the morning; with a low
stage of the river it may not be until toward evening. After the
principal snow fields are melted the effect of this daily tide is small,
30 as scarcely to be perceptible upon the self-registering instruments
which are located at the gaging station. At the dates at which
_gagings have been made for the purpose of this investigation, the
tide has been very small, the greatest in August, 1894, and has
been neglected.  Even if not, inasmuch as the greater portion of
the river is taken into the canals before many mlles the quantity
of return waters found by the measurements would not be affected
thereby. Tt is of small’lmpor ance, as the greater quantity of the
return waters has been found to be near the lower end of the river.

Errors in gaging might introduce some errors in the results,
but the 1elat1ve values shou d remain the same.  The meters, how-
ever, have been rated in still water, and the counstants determined
often enough to indicate that the constauts have been nearly the
Same. The meter usually used has been the *‘ Lallie Meter,” made
i Denver, Colo. Sometimes a meter made by Messrs. Buff &
Berger, of Boston Mass., has been used.

The omission occasmnally of some of the ditches draw-
Ing water from the stream would induce an error, but it is not
eheved that such an error has been committed.

If a portion of the returns by the various creeks and sloughs
Were waste water instead of seepage water, the quantity found wo uld
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be reduced correspondingly. The amount found in these streamsis
here given in parenthesis (though not counted), and the effect cay
be easily seen.

Without having determined the actual origin of the water in
every case, it is believed that in no case is any of the water derived
from above the ditches.

§13. The diagram, Fig. 1, shows graphically the amount of
return waters as found in the different measurements. The
horizontal — distances, or abscisse, give the distances in
miles from the gaging station. The vertical distances, or ordi-
nates, indicate the amount of return waters in cubic feet per second.
The vertical lines are drawn at the principal points of measurement.
The distances have been measured, not along the curves of the
river, but on the map, taking generally a straight course across the
bottoms, because 1t is thought that the amount of inflow will not be
increased by the curves of the river, but rather will depend upon
the straight course of the river, other things being equal. The
different lines indicate the different measurements. It is
evident that there is a general agreement between them.
There arve some marked exceptions, which it is difficult
to entirely account for. The small amount of inflow in the firs
ten miles is noticeable in the eighth and ninth measurements,
while in all previous ones it had been considerably greater. A
decrease between the seventeenth and twentieth miles is noticed
twice, and once between the seventeenth and thirty-second mile.
Notwithstanding the minor discrepencies, there is a general
agreement, especially during the last portion. It may be seen that
the total inflow does not vary much.

Several of the measurements were not carried beyond the
Ogilvy ditch, which is several miles from the north of the river, and,
therefore, the values found are less than had they been continued
to the mouth.

e

§14. Table II. shows the rainfall in connection with the
gaging, so as to give the means of judging as to the effect of the
rainfall of the previous and the current year upon the amount of
inflow. The headings of the columns sufficiently indicate the
guantities given. Thus, column 3 gives the amount of rain which
fell during the calendar year up to the first of the current month
of gaging, and the fifth column is the amount of precipitation
during the month and previous to the time of gaging. There
does not seem to be any particular connection between the wet
and dry seasons and the amount of return waters.

With a high river, the amount of water applied is more than
when the river is low, because in the latter case there is stinting of
water and much land does not secure enough for the needs of the
crops, far less than enough to satisfy the owners; hence, we way
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expect that the high years of the river will tend to increase the
amount of water that is applied, and likewise the amount of water
that returns in the form of seepage.

TABLE II.
Kaintall of Rainfall to|  pain
i Previous C'w?n During Rain Immediately Rain
YEAR. Calendar E(r:t o%‘ (urrent Before During
Year. Month. Month. Gaging. Gaging.
1884 ..
18850 SUOEE O
18&9 10.88 3.16 0.34 .09
18940 12.42 0.70 0.70-week before gaging
189 14.43 0.20 0.19-3 weeks " ]
18 1.89 1.52 0.83 week ' 0
1892, 13,4 0.93 one 0
1893.. ... ... 6.28 0.16 None 0
1894, March.... .. 0.8 0.67 None 0
1894, August. .......... 9.17 1.53 .08 [
1804, October.......... 11.46 T, None 0
1895 ... oo 12.36 16.60 1.06 None 4

In the measurement of August, 1894, irrigation was still being
carried on quite extensively, especially for potatoes, the most of
which are raised toward the lower end of the valley. At this
measurement, it is noticed that the total increase is greater than af
any previous one, amounting to 118 cubic feet per second. This
would seem to show either that a considerable portion of the water
returns in a comparatively short time to the river, or that there is
some waste which returns directly. During the past few years
there has been an active increase in the use of seepage water for
irrigation by the construction of drainage ditches, which in some
cases extend back a number of miles. The effect of this isin most
cases to cause the water to be applied to the ground nearer the
river than where it is cut, and thus the water is developed and
hastened in its journey to the river. Insome casesthe ditchesare con-
structed and deliver the water directly to the river, so that the water
returns sooner than it otherwise would. We should expect in con-
sequence a greater development of the inflow during the period
immediately succeeding irrigation, and less during the spring fol-
lowing.

NOTES ON THE MEASUREMENTS.

$15. The first measurement of the river was made by Mr. E
S. Nettleton, when State Engineer, in 1885, with the aid of Hon. B.
S. LaGrange, then Water Commissioner of this district. The
measurement was made in October, 1885, )

This was at a time when most use of water for irrigation had
ceased. A special attempt was made to get all ditches to shut their
headgates for the period of the measurement, which had been done
very generally by the ditches, so that the amount entering then
was only the leakage that passed the gates. No account was made
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of the water entering the stream by the small channels, which is
given in the later measurements. The assumption was made in
this, as in several subsequent measurements, that this water was all
seepage water, as, in fact, the investigations of later years have
seemed to show.

The second measurement was made in October, 1889, under the
direction of Mr. E.S. Nettleton, then Supervising Engineer for the
U. S Geological Survey, and Mr. J. S. Greene, State Engineer.

The inflow determined by this measurement was 99 cubic feet
per second in the distance from the gauging station to the mouth of
the Poudre. This is a little greater distance than measurement
No. 1.

Measurement No. 3, was made in October, 1890, by Mr. L. R.
Hope and Mr. E. C. Hawkins, representing J. P. Maxwell, State
Eungineer, and Col. Nettleton, of the U. S. Department of Agricult-
are. The total amount of inflow is very nearly the same as in the
second measurement.

The fourth measurement, made in the latter part of October,
1891, was made by this Section in co-operation with the State
Engineer’s measurements of the Platte river, with which the Section
also co-operated. During the first day Mr. Trimble assisted and
then joined Mr. Hope at Greeley, helping him take the measure-
ment of October 29th, from Greeley to the mouth of the Poudre,
and thence going down the Platte, assisting in making these
measurements. In this and the subsequent measurements which
have been made by this Section, each measurement has shown some
features which it has been desirable to avoid, but which it has not
been possible to do.  In order not to interfere with the use of water
for irrigation, in this and the subsequent measurements no
attenipt was made to regulate the ditches themselves. The time,
however, was chosen so that the use of water in any ditch was
nearly constant during the few days devoted to the gaging, and
the irregularity, if any, is so small asnot to affect the results derived
from the measurements. There is one measurement, however, to
which an exception may be made. This is No. 6, of 1892, during
which time the river was constantly affected because of the trading
of water between the Larimer & Weld canal and a mill at Fort
Colling. Each had some claims to the water, but not to the full
amount, hence it became mutually convenient to the two parties to
alternate the water, so that the mill used the water during the day
and the canal took the water at night for storage. This, therefore,
tansed fluctuations in the streams at points below the Larimer &
Weld headgate, and hence caused some of the discrepancies which
are evident in this measurement. Thus, on October Gth, at three
oclock p. m., the river below Strauss’s bridge had fifty-four second
feet, while the next morning, at 11 o'clock a. m., it had but
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twenty-one. This is due to the water entering the canal during the
night, and the day water in use by the mill bas not yet reached
this point. It is not thought that this fluctuation materially affects
the indicated inflow at lower points on the river at that date.

The measurements made up to this time indicated that
the inflow was approximately the same. Inasmuch as the
measurements had been made at only one period of the year, it
seemed desirable to know whether or not the amount of return
waters was the same at other seasons of the year; hence, beginning
with the measurement of 1892, gagings have been made during
the spring, when the conditions were favorable, as well as in the
fall.

The fifth measurement was made in March, 1892, at a time
before the canals had used much water for irrigation, but still when
most of them were drawing some water, either for domestic pur-
poses or for irrigating fruit and garden lands. All streawms or
ditches which contained water were measured and are indicated in
this table, as in subsequent ones. In case the streams were bringing
water to the river which seemed to be derived from seepage water,
thus finding a way to the stream, the amount of the gaging is
inclosed in parenthesis, and is not counted in the summation, as it
is considered only another way of the water returning to the stream.
The source of these waters has not at every gaging been investi-
gated, but, in several cases, and at different times, we have traced
these sloughs and creeks to their crossing with the outermost ditches,
finding in every case that there is not a stream above the ditch.
In some instances the quantity here given may include some waste
waters. In general, the amount is insignificant, although in the
measurements of August, 1894, there may be some to be thus
considered.

In some cases the out-takes of ditches are inclosed in paren-
thesis. These are cases where the water returned almost imme-
diately to the river. Frequently the measurement was made, and
the fact of the water returning was discovered afterwards as we
passed down the stream. _

In several measurements, as in 1895, it was not possible to
complete the gagings without intermission. In these case§
the increase was found for each section. In several cases Wh@}‘evel
seepage water had been collected in a lateral channel or drainage
ditch and was found running into the river, it was measured an
noted as a matter of record, and is found inclosed in single parev
theses. Where this was caught in another channel, and did not
reach the river, it is inclosed in two sets of parentheses. The water
is thus found coming from the Big Thompson creek.
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SEEPAGE OR RETURN WATERS FROM ITRRIGATION.

GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic feet per second.)

MzastrREMENT No. 1—Made by E. S. Nettleton, October 12-15, 1885,

17

k| Gain
Place of Measurement. 8?;; g g, River Gain. E[?legf Sr
4 0.
[==1
River at Gaging Station. . e . 127.609
Pleasant Valley & Lake canal . 1.7% e
Iarimer County canal......... 0.58
Jackson ditch . 0.266
Listle Cache la Poudre dltch‘. 1.00
Larimer County No. 2 canal.. 0.534
New Mercer canal ............. 0.228
Fort Collinscanal..................... 1.14
SAM ¢ e e 5.498 {122.111
River. 234 railes above Foz‘t Collms. e . 133.973 | 11.862 | 7.25 1.64
Larimer & Weld canal . 1.731
Piopeer d\tc .......... .60
Ames ditch . 0.69
Lake canal.. ce. 1.248
Cache Ja Poudre No. 2.0 .. 0 1110 3.218
Sam ... oo i e 9.485 j124.438
River at the dam below No. 2............. | ...... 149.985 | 25.447 | 10.10 2.52
The Whitney ditch 1.583 IO
Greeley No. 3 canal 5.870
Bom 7.453 (142.532
Rives, !y mile below Ne. 3.......... .....| ...... 122.908 161.863 | 19.331 | 12.25 1.58
Ogilvy ditch . .. 88.955
River, ; inile below Ovllvy diteh. 153.117 | 30.208 | 5.8 5.39
Totals ... .. 86.90 350 | 248

MeisuremenT No. 2—Made by L. R. Hope and E. C. Hawkins, under direction

of E. S. Nettleton, October 14-17, 1889.

- Riser ot Gaging Station.

88.723

Pleasant Valley & lake ¢ mnal ....... .. 14.781

Larimer County canal ........ 818

Jackson diteh ... R 5.288

Little Cache 1a Poadre ditch.. 6.968

Taslorand Gill ... .. . 2.577

Larimer County No. 2 capal .. 12.425

Fort Colline Water Works., 815

drthnr Irvicating Co. canal.. 650

Larimer & Weld canal....... .......... 3.040

Som . Tz || L
Biver, helow 1,. & w dam ...... 11.270 | 7.25 | 1.55
loneer diteh. . 1.746 ceen el

Josh Ames diteh .. 1.378 o
e Lake canal. 1.500

e Atthur canal . 1.497
Box Elder ditch . e 6.555
iche a Poudre Camal No. 2 ... .immo 55.184
Som. . 67.860 [-35.280 1 ........
Rl\'er helow N
0. 2dam.. e .

“hltnp\ diteh.... ..o 2.285 36789 10-10 3.64
ston ditch, -300 SO O
teeley Canal No. 3. . 9.835
eilvy’ diteh.... . o Il 30.098

P8 518 |41.018 | ........
Biver, halq
wOgilvydam.................. | ...... 8.430 | 44.498 | 17.
R“’Gh Bearmouth ...l s 9.887 6.407 3?2 1383
N Totals.... .. 157.800 | ... | ... 95.964 | 33.60 | 2.56
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GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic feet per second.)

MEeasurEMENT No. 3—Made by L. R. Hope and E. C. Hawkins, October

16-18, 1890.
Out- In. 'é . No. of | Gain
Pluce of Measurement. take. | fiow. Eg River. | Gain M(i)l.e(;. per
5 Mile.
<]
River, at (aging Statlon .......... e N T
Canon ditch . . . 975
Larimer County canal.. 2.849
Jackson ditch ..... 4.125
Little Cache la Poudre cana.l ..... 4.018
Taylor and Gill ditch. . cees 700
Yort Collins Water Works ........ .383
Larimer & Weld canal. ceeee | 160401
Sum .o 20.449 51.327
River, below Larimer &Weld dam ...... 25.79 7.25 3.58
Riddle ditch. . .106
Josh Awmes diteh..... ........... 1.000
The Lake canal.. 1.040
Coy diteh . e 973
Box Elder ditch ............ 0100 5.730
Cache la Poudre Canal No. 2..... 79.867
Sum . ooiiiiies e 83,718 -11.598 | ...l
River, below No. 2 canal . 2.060 | 13.66 | 10.10 1.3
River, above Greeley (Pump House) ..... 19.308 | 17.25 | 15.0 1.1
River, at Ogilvy ditch. .... . 40.180 | 20.87 2.00 | 16.43
Ogllvv diteh ......... 30.675
River, near mouth .................. | ...... 32.729 | 23.22 4. (?] 5.80
Totals ... .. T D 100.79 38 35 2.68
MEeasurEMENT No. 4—Made by L. G. Oarpenter and R. E. Trimble, October 28,

River, near month ... ooieie
Totals......

and by L. G. Carpenter and J. D. Stannard, October 29-30, 1891.

River at Gaging Station...........| ...... 97.58
Canon aiteh ... 03
Pleasant Vailey & Lake cana. 6.99 | ... .| ..l
Jackson ditch .. . o
Little Cache la Poudre’ (1ltch . 5.2 0 Lo | s |
Taylor and Gill dirch. E T O R
Larimer County canal.. .60 | ... | | el
New Mercer canal . [ O O
kort Uollins Water Works. 030 | ... | . .

Larimer County No. 2 canal . B4 L
Arthur ditch.. .. 1.82
Larimer & Weld canal.. 43.30

Som ..o 61,45 36.13 | ......

River, below L. & W. canal ........ .. 54.30 | 18.96 7.25 2.52
Pioneer diteh. ....... s 0.0 | o ] ceen
Josh Ames dltch .50
The Lake canal . 24
Coy ditch .... . 160 & ..o ] o
Boz Elder ditel, . RV 3.75
Cache la Poadre No. "9 canal .... .. I U R R

SUM et e 6.62 47.71

River, athead of No.2.............. | ...... 8.71 |10.10 | 0.8
Whitney rlitch......,..........4.. 0.0
Eaton ditch. 1.42
Jones ditch. . (3.126)

Greeley No. 3 canal. . 32.24
Boyd and Freeman ditch. ..., 2.42 ..
SUIL .+ vvee cee e eeeeeinnns 36.08 0 11.69

River, near Pump House............

Poudre below Greeley. . I T ...
Qgilvy ditch .... 18.12 ..
Waste . .. e | e .88

River at Gaging Station Nov. 3. 107.01 cu. ft.
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GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic feet per second.)
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MessureMBENT No. 5—Made by L. G. Carpenter andJ D. Stannard, March 10,
and by L. G. Carpenter and F. DeVotie, March 11-12, 1899,

Time.

Gain
Place of Measurement. Out- In- River. | Gain. | No.of | per
take. flow. Miles. ; Mile.
MaRroE 10
‘River at Gaging Station............ | ...... 65.02 .
i Lew Stone creek.................. | ..., 0.50 | ......
Canon diteh.. ... ....... ... ..., 0 U
Pleasant Valley canal.. 438 f ... | ...
Jackson ditch. . 207 1 L0 L .
Little Cache la Poudre dxtch ..... Lo | ..o | ol
Taylor and Gill diteh. ........... 059 { ... | ...
‘ Fort Collins Water Worke ........ 022 | ... | ......
Larimer County ditch... e [

i Tarimer County No. 2. 1010 | ... | ......

| New Mercer.. . 028 | ...} ...

I MArcH 11.

! Larimer & Weld canal............ 0.72 U O .
Pioneer ditch...... .............. FEUT U .
Lake capal... .. J U .
Coyditeh. ... ... PP N .
Drv Creek diteh. . (1.25) | ...... .
Ames sloungh... (7.06) 1 ...... ..
Cooper slough. . (2.43) | ..., .
Box Elder ereek. . (2.16) | ......

Spring creek.... ..ol 6.04) | ... ..
Box Elder ditch............... ... T R
. ssil creek. e e 272y [ ... .
Near Whitney ditch. ... O.81) [ ......
Marca 12

Eaton diteh. FE 0.10 | ... | ...
Whitney diteh. ... e

Sam ... 20.29 050 | ......

River, near Eaton ditchA e 102.54 | 57.31 { 20.35 2.82
Near Fulton bridge....... L. |
Inflow abave Briggs. . PO 2.2) 1 ......

Inflow near Whitney dltch .............. RO R
Jones ditch. . .. 0 [P OO
Inflow nppnmte Jones' ... .| . (1.35) | ......
lnflow pear Flprcher ditch........ | ...... 0.7) | ......
Greeley canal ’\Jo 3. ORI 0 R R
Inflow ... O (0.90) 1 ......

Sam ... 1.15 | ...,

River near anp house. ............ 132.75 1 28.06 | 12.0 2.42
Ogilvy ditch. . 1.60 | ... ] ...

River below Ogilvy ditch.......... | ...... 141.49 9.74 2.50 3.89

Totals...... L ... b .0 1 ... 96.11 34.85 2.76

MeasuremENT No 6—Made by R. E. Trimble and J. D. Stannard,

October 5-8, 1892.
OOTOBER 5.

.River at Gaging Statlon .................. 62.92 .
Canon ditch.. J N I S O .
Jackson diteh. . 451 | ... | ... .
Little Cache la Poudre dltch ..... A8 | )
Taylor and Gill ditch (est ) 6.25 | ... | ......

Larimer County ditch.. [ I U LR
New Mearcer canal. B35 0 |
Fort Collins Water Works. . 28 | o)
Larimer County No. 2 canal. B8

Bum .. ... 1mwes | ... ...

River 100 yards above L. & W. canal { ...... 66.33 | 15.837 | 7.25 | 2.12

ariiaer & Weld cepal... ...... 58.86 | .... | ......
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GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic feet per second.)
MEeasuremeNT No. 6 —(Continued).

Time. Place of Measurement. Oat- In- River. | Gain. |[No. of (‘;)zirn
take. flow. Miles. | Mile.
vees River below L. & W. canal.......... _ .. 5.95
OCTOBER 6.
cean Pioneer diteh, near Inverness farm .01
e osh Ames ditch. . .... . .89
s The Lakecanal.................... 2.00
P, Coyditch.........oooois coviill (.74)

Noon River, below Lmdell Mille.........| ...... *.60 3.00
. l)rydltch.... . e b (.495)

.. Ames slough.. P (2.56)
.. Cooper slnugh ...... (2.63)
- Box Eldercreek.... ......... ... ... (2.90)
-. Spring creek.. J S N (1.25)
- Box Elder ditch. . e 2.14
SUm o 2.14 R N
3 p.m. River, below Strauss bridee........ | ...... . 53.93 3.51 4.75 0.74
i OCTOBER 1.
il a. m, River below Strauss bridge.. ...... | ...... . 21.08
. Inflow below Strauss bridge...... | ...... o2yl
..o Cache la Poudre No.2canal...... 1.43 AU
Sam .. .. 1.93 P

Noon. River, below No. 2 oaual U 21.65 2.53 2.40 1.05
e Fuasxl creek. ... .. R (1.33) | ......
. Whlcneydmch 2.72 P

2 p. m.|River, below Eaton (htch ................ 24.90 5.97 3 00 1.9
Jones diteh. .. ... 15 I
cene Greeley No. 3. N 7 JUDUEE B

; Sum ... eiiii e e | 82,33 P .
! QCTOBER 8.

9 a, m.River, near Greelq anp house.... | ...... 14.36 21.81 | 12.00 1.82
Ogilvy ditch. . L] 2914 FEUTU R
.... [River, below Or'llvy dam. . | e 2.53 17.31 2.50 6.92

8 p.m [River at mouth..... U I 31.69 29.16 3.75 7.78

Totals...... | ...... TN 101.65 |38.65 t 2.47

* Estiinated.

MeasurREMENT No. 7—Made by R. E. Trimble and R. Q. Tenney,
November 9-11, 1893.

NOVEMBER 9.
River at Gaging Statxon ..................
Canon diteh. . . e 0.48
Pleasant Valley canal. . 4.69
Larimer County ditch. . 0
Jackson ditch., 4.83
Little Cache Ja Poudre dltch ...... 0.23
Taylor and Gill diteh. . 1.41
Jew Mercer diteh. . 0
Fort Collins Water Works (est ) .60
Larimer County No. 2 canal...... 1.87
Arthur Irrigating canal.......... 0
NOVEMBER 10.
Larimer & Weld canal.......... (0.54) et
River below L. & W. canal..........| ...... 31.25 | 7.25 | 481
Pioneer ditch...........oco il 0.45
Josh Amesditch.... .......... .. 1.39
Lakecanal ..... «c.ovvevvnroiiionns 0
Coyditeh.......coovicaernien oene 2.00 d e
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GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic feet per second.)

MgeasureMENT No. 7T—(Continued).
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Gain
Time Place of Meusurement. Out- In- River. | Gain. | No. of er
take. flow. Miles. ile.

River below Hottel Miil............ s 72.48 6.71 3.25 2.61
Ne.2Feeder. ... ..o, U B e
Spring ereek... (0.68) + ...... ..
Amesslough............. ... ... .. (5.00) | ... ..
Cooperslough..................... (1.50) | ...... .-
Box Elder ereek................... (3.70) | ...... .
Box Elder diteh.... .............. [P .
Cache la Poudre Irr’g Canal No.2| 60.03 | .... | ...... .-

NovEMBER 1.

River below No. 2. P I 9.84 5.23 6.90 0.76
Fossil creek. ... L .3y ] ... .
Whitney ditch. . e 0.08 U R .
Eaton ditch..................... . o oo .

River below Eaton dltch .................. 4.95 {—4.81 3.00 —1.68
Jones ditch...... e 019 | ... | ... .
Greeley No. 3 canal . e (1 O R .
Boyd aud Freeman diteh.... ..o 3.6 | ... ...... .

River north of Pump houqe ............... 20.32 19.21 12 00 1.60
Ogilvy diteh.. e 0.6 | ... | ...

River below Ogilvy dam ............ | ...... 43.26 23.59 2.50 9.4

River at the mouth.................. | ...... 60.76 17.50 3.25 5.38

Totals..... | ...... 1 ... | ... 98.68 38.15 2.59

MeasureMENT No. 8—Made by R. E. Trimble aasd R. Q. Tenney,

March 13-15, 1894.
MARCH 13.

River at Gaging Statisn............ | ...... 99 .21 [

Canon diteh. . 0.03 o
Pleasant Val]ey & Lake canal ..... % Ség) -
Larimer County canal ............ 025 1 | L ..
Jackson ditch. . 617 | ... ... .-

New Mercer canal. . [ T .

Fort Collins Water Works... .... 060 | ... | ..., .

Little Cache la Puudre canal.. (V0% S R -
Taylor and Gil! Jditch. . 522 | ... Lol .
Chamberlain diteh.. (2.00) .
Larimer County No. 2 canal 0.7 ..o N
Arthur Irrigating canal.. | U TR -

. Larimer and Weld canal 2530 | ... ) ... .
- Riddle ditch. . . 0.3 | ... | ... N
‘Riverbelow I, & W. canal........ | ...... 49.18 1.57 7.25 0.22

MaRroOH 14,

Pioneer ditch........c.covveevinn | i N

Ames ditch... 1.28 | ... | ol .

Lake canal. 016 | ... | ... .

Coy ditch..... . [ R T, ..

No. 2 Feeder..... .....ovcvvin.. 49090 | ..o | Ll -

River below No 2 Feeder........... | ...... 1.49 3.45 4.45 0.78
Spring creek.........cooovee e | (2.78y | ......
Amesslough. ..oooovvvvvrnee i | 0.22) | ...... .
Cooper slough......... .o L (.2 i ...... ..
Box Elder ditch 0.11 | ... | ... .
Box Klder creek. .. O U ©2y ! ..
No. 2 Feeder,north of Timnath.... | (23.90) TR .-

MARCH 15,
Cache la Poudre No. 2 canal...... 143§ ..o ] ...l ..

River below No. 2..........ooven | innns o 27.17 27.22 5.6 4.82
Foesil creek. ....ooovvveveivivin | ol 019 | ...... e
Katon ditch 08 P .

River below Eaton ditch............ | ...... 20.44 —6.65 3.00 —2.22
Jones ditch.......... . 0 1 L
Greeley No. 3 canal. . . 0.12 TR R .

—=:- | Boyd and Freeman ditoh......... 012 | ... | . .
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GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic foet per second.)
MeasureMENT No. 8—(Continued).

. Out- In- No, of | Gain

Time. Place of Measuremer.t. take. flow. | River. | Gain. | Miles, nﬁ‘l’;

River near Pump house... .........| .. .... 464;6_ 26.26_ 12400 2.19

Greeley drain sewer (1.47) [P

Ogilvy ditch. . ] [P

River below Ogilvy dam .. AU R 56.51 10.05 250 402

River at mouth, 3% mile above. . N OO [ 76.98 20.42 3.25 | 6.8
Totals...... | ...... [UUURE RN 82.32 | 38.10

MEeasUREMENT No. 9—Made by R. E. Trimble and John D. Bloomfield,
August 20-23, 1894.

AvausT 20.
12:35 |River at Gaging Station............ | ...... .
2:45 Canon ditch 0.80 .
11:30 Pleasant Valley & Lake canal..| 23.63 .
3:15 Larimer County ditch............ 31.39 .
4:15 Jackson ditch. . e L1117 .
10:40 New Mercer capal.. ... 3.42 -
. Fort, Collins Water Works. | 0.60 .
4:40 Little Cache la Poudre canal. 7.81
4:50 Taylor and Gil] ditch....... 4.46
Cliamberlain ditch.......... . 4.58
Larimer County No. 2 canal...... 0
U Arthar Irrigating canal..... 0
5:40 Larimer & Weld canal.. 27.80
6:15 |River below L. & W. ecanal......| ...... 0.77 7.25 | 0.1t
AUGUST 21.
9:20 Pioneer ditch......................
9:50 Ames ditch..............
10:10 Lake canal...........,....
10:20 Coy diteh...................
11:1¢ :RiveratCoy's farm................. 17.59 3.50 | 5.%
11:55 Coy ditch waste ........... . .. 0.82
12:00 Coyslough ............... . (1.70)
2:45 Haorper supply .............. . 3.39 FN
3:15 ghaﬂe@ diteh . e e
ioneer waste . . 5
3:40 { Horner supply waste. . %9'01
%15 Spring cresk (Aug. Z’) .. (5.56)
4:00 Ames slough. Ceee (0.90)
4:30 Emigh drain ditch . ce
9:50 Cuthbertson (Aug. 22)............| ...... (0.51)
Cuoopersloagh (into Emigh drain) ...... (0.50)
445 Box Elder creek. . RPN B (2.52) e
10:15 Box Elder ditch (Aug Z)) ........ 7.93 R
540 River at Straass bridge............. | ...... v | 14152 |—s.33 | 420 00
UGUST 22.
11:05 |River at Stranss bridge.......... A U s 139.61
12:35 Cache la Poudre No. 2 canal...... | 74.27 P
1:35 'Riverbelow No. 2.... ... ......... | ...... 68.45 1.80
2:45 Fossil ereek ... ... A (£.58)
3:30 Whitney ditch .. 19.98 e
3:33 Baton ditch........... .. ... ... 10.90 e
20
4:00 IRiver below Eaton diteh............ | ...... . 49 44 11.86 3.00 | 3%
6:40 Jones ditch...... e 5.28 PP IO
\IA.UGUST %3 56 55 .
10:50 Greeley No. 3 cana 56.55 i
10:25 ‘Rlver(;)Plf:JWFNn 3. - . ¥ a0 12.68 9.00 “}
1210 | Royd and Freeman dite L e sy
2:30 Ivao})‘ near Pnmp houre......... N B 21.14 300 IOD
3:15 (Greeley draiu sewer . .. (3.51)
3:50 Qgilvy ditch. 38.30
4:15 Camp Bros river sm)p]y 1.17 . .
4:45 Camp Bros. Slough supplv (2.16) e 300 8.7
495 River below (. Bros, river supply ...... ?b.BG 2«75 1017
6:00 River 14 mile above moath......... | ... .. 27.97 . i

|
" Totals .... v b 1lw/iﬂg/L
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SEEPAGE OR RETURN WATERS FROM IRRIGATION.

GAGINGS OF THE CACHE A LA POUDRE RIVER.

(In cubic feet per second.)
MeasuremMeENT No. 10—Made October 9-14, 1895.

23

Place of Measurement.

Out-
take.

In-
flow.

Gain.

No. of
Miles.

Gain
er
ile.

NovEMBER 9.

River at Gaging Station............
Cenon canal. ......co.oooiiiiina.
Pleasant Valloy & Lake canal..
Inflow from Cunon canal.........
Larimer County canal -
Jackeon ditch.....................

River 150yards above Mercer ditch
New Mercer ditch.................
Littla Cache la Poudre (htch
Taylor and Gil ditel .
Chamberlin ditch. .
Larimer County No, 2 can
Fort Colling Water Works (est.).
1nflow waste from T. & Gill ditch
tnflow waste from T. & Gill ditch
Arthur ditch..................

River above Larimer & Weld.....
OcTOBER 10.

River below Larimer & Weld
Pioneer ditch..
Jeepage ditch .
Ames diteh...
lake canal...
Qity sewer....
Collega sewer
Coy diteh............. .
No 2 Res. supply canal...........

River below No. 2 Res. Supply canal
Dry ecreck
Ames slough.
Emigh drain. .
ooper slough. .
Box Eider creek
Spring creek.. ..

Seepag.- ditch from Spring creok.
Side Hill diteh from Spring creek
Diteh from Cooper slough........

River at Rtrauss bridge............
Qo0TOBER 14.

River at Strauss bridge. .... .

Cache la Poudre No. 2 canal......

River helow Cache la P No 2 canal
Fossil cresk. . .
Whitney ditch. .
Eaton canal...............

River below Eaton canal............
Seepage ditch .
Jones diteh .. .
Greeley No. 3 diteh (Oct 15) e

River below Greeley No. 3 ditch....
OCTOBER 15.
Greeley No. 3. oo veeeeiiiiaa ot

River below Greeley No. 3 ditch..
Wasteinto No.S....overoivenn
Wasteinto No. 3..

Boyd and Freeman ditch ..

River at Pamp house. .
Mill Power (,aual
Ogilvy diteh. .

River below Ogilvy dam............

Camp ditch,
River 15 mile nbove mouth. .

13

3.63
.93

(0:50)

(7.63)

(1.34)

18.75

26.63

7.51

7.85

33.85

7.74
46.37

5.50

1.75

4.4

4.2
2.4
3.0

9.0

3.41

.81

6.05

1.45

2.33

11.28

3.10
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TABLE III.

SUMMARY OF THE PRECEDING TABLES, SHOWING GAIN IN SEEPAGR
OF CACHE A LA POUDRE RIVER.
(In cubic feet per second.)

1885. | 1889. { 1890. | 1301, \ %3? %%Fz'. 1893. fé&rﬁ ﬁsﬁ%ﬁ% 186,

Canon to Larimer & Weld canal.. | 11.9 | 11.3 | 25.8 | 18.3 |..... .| 15.4 ETIET) _(:}ITM
Larimer & Weld to No. 2 canal... | 25.5 | 36.8 | 13.7 | 8.7 [...... 12.0 | 11.9 § 30.67) 17.4 | 13.6
No. 2 canal to Ogilvy ditch....... 49.5 ; 44.5 | 38.1133.3(...... 45.1 1 83.0 |1 20.8 | 72.0 ! 5.9
Ogilvy ditch to Mouth of Poudre. |...... ‘ 6.4 123.2119.41]...... 20.2 1 17.5 | 20.4 | 28.0 | 46.4
Total Gain .................. 96.9 | 99.0 '100.8 | 81.6 | 96.1 1300.6 | 98.7 | 2.3 1152 6hs

DESCRIPTION OF THE PLATTE.

§ 16.  The portion of the Platte river which was subjected to
measurement consisted of that portion below the junction of the
Poudre river with the Platte, to the State line between Colorado and
Nebraska, at the point where the Platte enters the western extension
of Nebraska. The country traversed by the Platte has still the
main characteristics of that nearer the mountains. From the junc
tion with the Cache a la Poudre, the Platte leaves the general north-
erly course which it has traveled since leaving the foothills above
Denver, bends abruptly eastward and crosses the ridges which run
approximately parallel to the mountains. The effect of these ridges
in guiding the drainage of the plains is shown by the long lateral
channels. On the south these extend nearly parallel to the Platte
for 90 miles, extending to the divide between the Platte and Arkan-
sas rivers, east of Colorado-Springs. For a portion of the distance,
the Box Elder is within a short distance of the Platte, but, confined
by these ridges, it does not meet the Platte until the latter cuis
through these ridges. These are drainage chanuels rather than
tributaries, for, except in times of freshets or storms, they do nob
contain water. Near the heads they are living streams. The
last drainage channel from the south of any consequence enters the
Platte east of Fort Morgan ; for the rest of the distance the drain-
age of the country on the south side is collected by branches of the
Republican river.

§17. On the north the Platte takes the drainage .of the
country as far north as Wyoming. The three principal lines of
drainage—Lone Tree, Crow, and Lodge Pole creeks—each head
near Cheyenne, the first two entering the Platte near Greeley, the
last passing nearly eastward for 150 miles, forming the line followed
by the main line of the Union Pacific Railway between Julesburg
and Cheyenne, and enters the Platte 150 miles farther east, just
above Julesburg. _ }

None of these, nor any of the other chanmels to which th®
name creek is applied, can be spoken of as tributaries. It 1s rare
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that any water reaches the Platte through their channels, the only
times being after heavy rains or sudden and violent storms on ihe
higher grounds on either side. In these cases, the plains shed
water as a roof, and the channels bring down violent floods, danger-
ous, 1t may be, to travelers. The area drained by these channels is
great. As in most cases, the channels are confined by ridges of
rock, it was thought that there might be some indication of
underground increase from these streams, even if no visible surface
inflow. Accordingly in 1894 it was tested by measuring the river
above and below the points where the creeks debouch into the bot-
toms, with results given later.

For a portion of the lower course of the stream, it is lined on
one or both sides by a strip of sand hills and dunes, molded and
blown by the wind, back of which is a country free from sand.

§18. The bed of the stream is a bed of sand, of varying fine-
ness—in some places and at some times quicksand—and shifting
with the current, which changes from one side to the other. For some
miles below the mouth of the Poudre, the stream isin one chaunel,
It is then gradually broken up by sandbars and by small islands
into smaller channels, increasing in number. At the State line
there were sixteen channels where we measured in 1895. These
channels are constantly shifting by bars forming or washing away
in the rapid current, so that they change their importance and fre-
quently their position. The general location of the bed seems tobe
fairly stable. The river requires bridges some 600 to 1,000 feet in
length. The slopeof the bed of the river averages about eight feet
per mile between the mouth of the river and Julesburg, being
greater at the upper portion and less at the lower end. When there
is much water this fall is sufficient to give the current great velocity,
constantly carrying along the sand, depositing, removing and shift-
ing it. :
§19. The principal ditches along the course of the river are
shown on the map (Fig. 3). It will be noted that the area limited
by the outermost ditch under irrigation does not cover a wide strip.
Many of the ditches are small, some used to irrigate only the bot-
tom lands.  Others, like the Fort Morgan, the Weldon Valley, the
Platte and Beaver, and Pawnee Canal systems, irrigate considerable
areas of excellent land and are almost the only ones passing out of
the bottoms.

If the water reaches the river from the land irrigated, 1t may
be expected to drain into the river following the lines of surface
drainage, though remaining unseen. It cannot cross the ridges
between the channels. As a rule, wherever the facts ar
known, the ridges are of rock which is higher than the bottoms of
the channels. With the system of ditches, there is then some po¥
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sibility of separating the drainage of extensive areas of irrigated
land from land which receives little or no irrigation.

COMPLICATING CONDITIONS.

§20. The bed is almost invariably of sand of unknown depth.
In & few places the rock of the ridges cut through by the river
shows at the surface. If there is any flow in the sand, it may
be expected to be forced to the surface at such places and increase
the volume of the stream. Such a place is just above the
Bijou creek, above Fort Morgan. And again below the Hardin
ditch and above the Corona ditch the bluffs on the south side of
the river are prominent, and show evidence of rock outcropping
across the river. The sand is porous and has the capacity to hold
much water. The results which may be met with in the natural
inflow are masked by the effects due to the varying distance to
the rock.  These may sometimes be more than sufficient to counter-
balance the increase frotu the inflow. This may explain the unusual
gains noticed in several places and the losses which are found in
certain stretches, even where an area of irrigated land is tributary
to that section. The most marked case is at the mouth of Bijou
creek.  In the measurement of 1894, which was made above and
below the Bijou, a gain was looked for in the few miles between the
two measurements. The Bijou drains some 1,400 square miles.
Besides, there was some water evident on the south side seeping into
the river. Nevertheless, a loss was found in 1894, and in 1895 on
making another test the gain was so slight that it may be called a
loss. In both cases the Platte & Beaver canal was measured sev-
eral miles from its head, and the loss for the few miles if considered
may make a slight gain. But with all allowance possible for this,
the gain is slight, or an actual loss which the meusurements show.
Moreover, at the last point of measurement, there are practically no
bottom lands.

§21. The methods of irrigation on the lower Platte are some-
what different from those on the Cache a la Poudre, and this may
account for the difference in the relative magnitude ot the result.
The Poudre being a mountain stream, fed almost solely by melting
snow, is low in the autumn and late summer. On the Platte the
summer flow is small, being reduced both by the usage above and
by the avidity of the sands and atmosphere. In the fall, however,
the seepage from all the streams nearer the mountains—Clear creek,
Boulder creek, St. Vrain, Big Thompson, and Cache a la Poudre—
pour the seepage from these channels and the greater part of the
flow received from the mountains into the Platte. As a con-
Sequence the Platte is higher in the fall and winter. This gives
the settlers along the Platte opportunity to irrigate extensively in
the fall, and as late as the ditches can well carry water ; they thus
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each year irrigate their lands. At the time of measurement they
were irrigating extensively. It will be noticed in the tables, as in
1895, that the canals are running nearly, if not quite full, though
late in the season. Thisin itself increases the rapidity of flow from
the lower ends of the small tubes extending to the river, and is one
reason why the increase of water is more than in the case of the
Poudre in proportion to the same area irrigated. The use of water
at this time when vegetation is not active, also permits the use
of water in greater quantities without damage. We have no
measures which determine the amount actually used, but from
obhservation and the conditions, it seems probable that water is
used in greater quantities than in the Poudre valley.

§22. Fig. 4 shows graphically the results of the gagings
below the mouth of the Poudre. The distances between the
points of measurement are in proportion to the distance between
the lines. The amount of gain is indicated by the distance the line
is above the base. Hence the steeper the line in any section, the
faster is the gain in that section. If the line descends, as il does in
some places, 1t indicates a loss.

§23. The tables show the measurements in detail, and give
the results of each. The dates and the observers are also given.
The distances given are different from the distances given in
the report of the State Engineer, but are believed to be here correct.
In some cases the distance between the same points in different
years is apparently not the same, the reason being that the place
of gaging was not quite the same.

In gaging the Platte, the trouble to find accommodations
caused considerable interference with the best prosecution of the
work. Often after the last gaging of the day a drive of some miles
would be necessary, and the river would be taken up at another
point the next morning.  This did not allow a check on any
change the river may have undergone during the night. In 1893
a tent and camp wagon was taken as far as Sterling, and the party
camped where night overtook them. .

The height of the river was observed both night and morning.
It was proved that the change was exceedingly small, amountmg,
usually, to an increase of about one-fourth inch during the night
and a corresponding decrease during the day. A loose block of
wood placed at the edge of the water the second night out fron
Greeley was undisturbed a week later and still just at the edge
of the water, indicating a very steady condition of the stream.

The ditches were not disturbed. Where streams are not mel
tioned in some of the measurements, it is because they were found
to be dry.

In 1895 several small ditches near Julesburg were found to be
drawing water. Their existence had never been reported to )th?
Water Commissioner, so that they had not been looked for in 1894
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The measurement of March, 1892, was interfered with by snow,
which prevented carrying the gaging beyond Fort Morgan.

In 1895 where any of the quantities are enclosed in paren-
theses, they are not to be taken in the summation. In the case of
inflow it was known to be seepage, or in case of out-take 1t returned
immediately to the river.
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GAGINGS OF THE SOUTH PLATTE RIVER.

(In cubic feet per second.)

MEeasureMENT No. 1—Made by Li. R. Hope and E. C. Hawkins,
October, 1889.

Out- In- No. of | Gain
Place of Measurement. take. | flow. | River. | Gain. | Miles. I\})ﬁg

River at head of Latham ditch............. | .. ..., _45,718
Cachea la Poudreriver................... | ..., 14.8%0§ ......

River at Hoover dltch R R 120.136 [*49.000 | 6.30 9.48
Hardin ditch . 1.005 | ... | ......

River; at head of K. and B. ditch........... | ...... 139.641 | 20.51 7.20 2.85
Swmall ditch {no name) 200 | ... ...
Puatnam ditch. . N 30,905 | ... f ......

Riverat —— . ... ..o 105.769
Fort Morgan canal. 131.932 [ ... | ......

River below Fort Morgan canal............1 ... ... 3.625 | 30.755 | 19.0 1.62
Bijou creek. . .. e ] e 3.575 | ......

River at Deuvel.... ... .....cooiiiiiioio | el 8.310 111 | 12.0 0.09
Deunel and bnvder ditch. . 3.867 | ... | ... . s .
Platte & Beaver canal.. 25.023 [T
Lower Beaver ditch. ... 17.487 A RO
Beaver creek.... e | 7.000 | ......

Smith ditch.. 8.447 [P O
Tetsel ditch. .. 2340 | ..., 1 Lol
Sonth Platte dltch 24106 | ... ...
Pawnee diteh.. 4.867 | ... | .

Riverat Merino. ............covveeveeinen o | oLl 8.481 78.508 | 30.75 2.55
Schneider diteh. ... 12.609 ... | ... e JP
Springdale ditch..... 3683 | ..., b oLl
Sterling ditch No. 1. 10,076 | ... | ......

Low-line ditch . . 179 | ... | .
Simith and Hepderson ditch......... ... 6.833 | ... | ...

River at Sterling. ... | 6.378 | 32.794
Sterling ditch No. 2. .. 1.946 e
Arnettediteh ... ...l 8.871 | ... | ...

River mear IIiff........ ... ool s e e 4439 9.25 0.48

Total........1 ...... Vb ... | ... 217. llb

* Estimated portion seepage from mouth of Poudre river to Hoover ditch.

MEasurREMENT No. 2—Made by Li. R. Hope and E. C. Hawkins,
October, 1890.

River above Cache a la Poudre river.......
Cache la Poudre niver. ..... .
Box Elder creck......
Hardin ditch.....

River below Hardin dlf;" e
Bijoueanal ......... ...l
Winkle ditch .
Puatpam ditch........

River below Putnam ditch..................
Weldon Villey ditch.... PP

River 4 miles below Orchard
Fort Morgan capal........

River below Fort Morgan canal. .
Small gulch (no name). . .
Bijou creek (waste from Ft M canal) ..
Platte & Beaver canal.. . ..

River below P. & B.canal..
Platte & Beaver Supply (htch
Smith ditch

IORRRR
...... 23.524

Do
=f e
B

24.155
5.199

68.742
-18.775
23.196

3.79

6.509

8.0 8.59
12.25 |—1.53

12.25 | 1.89

1.5 2.53
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GAGINGS OF THE SOUTH PLATTE RIVER.

(In cubic feet per second.)

MEeasureMENT No. 2—(Continued).

Out- In- . No.of Gaei:‘
Place of Measurement. take. flow. | River Gain. | Miles, lﬁ)ile.

Riverat Soyder.....cooviviiiiai i b L 12.950 | 17.089 | 13.75 1.24
Tatsel ditch..... 4.250 1 Lo L
Snnth Platte ditch.. . 17661 ( .... | ......

Pawnee ditch...... ... 3.881 1 ... | ...

Rivar ¥4 mile above Merino..... ........... 01 ...... 8.444 | 21.286 | 18.0 1.18
Schpeider diteh ... 5083 | ... | ...... e ... s
Springdale ditch.. 18500 | ... ......

Snith and Henderson ditet.............. 2,640 § ... | ...

River at Starling..........co... | Ll 11.933 | 29.692 | 13.75 2.18
Sterling No. 2 ditch.. 3.87 | ... L
Arnette ditch...... WM | |
Midline diteh. ........ ...l 7.054 L ... | ...

River below Midline ditch.................. 1 ..., 3.647 | 14.043 | 8.0 1.76
) Totals......| ...\ .| .. 165.57 | 93.50

MeasureMENT No. 3—Made by L. R. Hope and R. E. Trimble,
October, 1891 .

River aboye the Cache a la Poudre river.... | ...... [ 114.60
Cache a la Poudre river. N 61.11 | ...
Hoeonverditeh............c.o.. ol 6.40 el
Hardin ditch............... e 1.51

River below Hardin ditch..................| ...... 244.33 75.53 8.0 0.44
Kiowa & Bijon canal...................... 388 | ... | ...l
Patpam diteh.................. ...l 1039 | ... ] ...

River below Putnam ditch..................| ...... 211.69 16.61 | 12.25 1.3
Weldon Valley ditch...................... 2093 1 .0 | L.l JUN
Fort Morgan canal........................ 99.35 | ... | ...

River below Fort Morgan canal............ | ...... 105.69 15.28 | 13.% 1.11
Devel & Snyder diteh..................... 7.81
Platte & Beaver diteh..................... 2.8 | ... | ...,

River, helow Platte & Beaver ditch.........| ...... 134.81 | 88.26 {11.0 3.48

latte & Beaver Supply ditch............ 46.21 | ...} ...,

Riverat Snyder. .........ocooeeieeeen i, S 186.79 98.19 | 13.75 7.14
Smith ditch. ... J 05 T O
Bdwards diteh,. ... ... . 0 01010 1827 [ ..o .l
Sonth Platte ditch 85.51 | ... | ...

awpee dateh ... L 6470 | ... | ...

River, above Merino........................| ...... 46.63  [-20.27 | 18.0 | -1.13
Schneidar diteh. ... 346 | o0 | ol e

pringdale diteh.......................... 8.8 | ... | ...,

River at Sterling..............ooovveiiiinn | sl 66.73 | 83.36 | 13.75 | 2.43
Smith and Hemlerson diteh............... 6.74 | ... | ... ceee s
Lowdine diteh .. .............o.cooiiiill 2,12 o L
i & Platte Valley diteh ... 0111000000 38.22 | o Ll

Biver ab Mif........oooooii ] 52.72 | 28.07 | 9.25 | 3.03
River, 2 miles above Crook.................| ... 39.65 |-13.07 | 16.50 | -0.79
River, below Sedgwick......................| ... 47.70 8.05 | 21.50 | 0.87
River, at Julesburg.. .....oovvvvvenin ., 42.96 | -4.74 | 11.50 | -0.41
_— Totals........ | ... | ... ... 215.21 1149.25
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GAGINGS OF THE SOUTH PLATTE RIVER.

(In cubic fest per second.)

MeasuremenT No. 4—Made by L. R. Hope, March, 1892.

. l Onut- In No. of | Gain
Time. | Place of Measurement. take. | flow. [ River. | Gain. | Miles. } ,PS%
River, above Cache a laPoudreriver | ...... .. | 473,00 T
Cache a la Poudre river........... | ... .. 145.56 | ......
River, below Hardin Ymile........ | ...... 687.73 69.08 8.5 8.13
Kiowa & Bijou canal.......... ... 050 | ... | .
. |River, 23 miles below Putnam diteh | ...... 732.59 £5.36 14.25 3.18
. [River, below Fort Morgan canal.... | ...... 762.07 2048 | 11.25 2.62
River, opposite Fort 8lorgan....... | ...... $34.72 72.65 | 13.5 5.38
Totals...... 0 ... L ...t ... 216.57 47.50
MessureMENT No. 5—Made by P. J. Preston, October 30-November 10, 1893.
River, above the Cache a la Poudre. .. 124.16
Cache a la Poudre river...... ... ..., 64.11 e
River, below Hardin ditch.......... e 257.30 69.03 8.0 8.63
CHOAL'S AIECR . oveoannerernonnnoins 4.05 | ...
River, above Putpam diteh......... | ... ... 219.52 |-33.73 (12,25 {-2.75
Patnam ditch.. e 122280 L
Weldon Valley ditch. ..ol sot0 | L
Fort Morgan canal................ | 132,08 | ... | ......
River, below Fart Morgan canal.... | ...... 105.29 60.83 | 13.75 4.4
Deuel & Snyder ditch............. 411 | ...l .
River. below P. & B.canal.......... 151.49 50.31 | 11.0 4.57
Platte & Beaver Supply cana .. A2 L
Gill diteh. ... IR S O
Riverat Sovder..............oooa b Ll 51.46 15.03 | 13.% 1.09
Smith ditch. 849 | .o | il
Edwards di 10.20 ) ..o b L
Tetsel ditcu. ., 6.94 | ... | ...
South Platte ditch 44.12
Pawnee ditch...... 11.80
River,at Merino..........oooiiion | oaensn 4.63 34.72 | 17.75 1.98
Schneider ditch. 16.5 | ... | ...
Springdale ditch.. 8.51
River, at Sterling.................0. | ...... 13.33 33.76 | 1£.0 2.41
. Smith and Henderson ditch.. 149 | .o
. Liow-line diteh ............. 6.1 | ... ...
11iff & Platte Valley ditch. 14.77
.. 'Riverabove 1liff....................| oo. 5.72 24,84 9.25 2.69
Totals...... | ...... 254.79 | 99.75
MeasureMENT No. 6—Made by P. J. Preston and R. E. Trimble,
October 16-24, 1894.
’ | OCTOBER 16. i
2p. m. River, below Cache a la Poudre river ... | 308.68
3:15 LonoTreecreek....c...oovvviivines | veenns 301 | ......
3:50  [River, below Lone Tree creek...... | ...... 323.85 12.16 1.50 | 81
OCTOBER 17,
8:50 River, below L. T.creek, same place | ...... 345.60
10:30 Sterling Seepage ditch............ 6680 | ... | ...
11:15 Hoover ditch...............ot 1.8 | o | el
12:30  |River, below Hoover ditch.......... ... | 389.90 §2.74 | 3.50 (1798
2:45 Hoover ditch (waste) .. 0.61
2:35 Box Elder creek. . 10.19
4:15 |River, above Hardin ditch.......... 319.65 |-51.05 | 3.00 |-17.02
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GAGINGS OF THE SOUTH PLATTE RIVER.

(In cubic feet per second.)
MeasuremeNT No. 6—(Continued.)

i
Out- In- s : No.of | Gain
Time. Place of Measurement. take. | flow, | DPiver. | Gein. | jgijeg per
ile.
- OCTOBER 18.
745 River, above H'r'n ditch, sameplace | ...... e 343.29
9:20 Hardin Giteh.. ... .ooovveeeiinnnns 5.36 [P
10:3¢ Tllinois ditch..............o. 2.58 P
150  |River. at head of Corona diteh...... | ...... .... | 378.89 43.54 7.00 6.22
320 1River, above Putnam ditch......... | ...... L. | 385.87 6.98 5.25 1.33
2:45 Patnam ditch. .................... 27.90 [P
OCTOBER 19.
825 Weldon Valley ditch.............. 36.98 [P O
102, m.'River, above Kiowa creek........... e ... ] 369.81 18.82 8.50 5.74
12:20 River, below Kiowa creek........... | ...... 375.07 5.26 1.75 3.01
215 Fort Morgan canal................ 170.30 J e . e
River 3% miles below Fort M. canal | ...... eeee | 219.00 14.23 7.0 2.03
| Q0TOBER 20.
‘River, above Bijoucreek............ | ... .. 278.45 59.45 5.7 | 10.34
Deue! & Snyder diteh. .. 3.65 [UPT EOR
Platte & Beaver canal 79.28 | ... | ...
iRiver, below Bijoucreek............ 0 ...... 152.09 1-45.43 1.75 |-25.96
Platte & Beaver Supply canal..... 71.90 [P R
405 River, below P. & B. Supply canal.. | ...... 131.54 51.35 8.00 6.42
OcToBBER 21,
9:10 Parson ditch.. ..ol 4.95 TR
1005 Smith diteh....... ... 9.06 [T EEOUNE
10:15  River,atSmyder.....ooooviiiiiiiinn | eeeens e 142.37 24.84 5.75 4 32
130 River, helow Big Beaver creek..... | ...... e 149.63 7.26 5.75 1.28
5p. m.. South Platte ditch................ 60.01 U e
o (OOTOBER 22.
8% Pawnee ditch.. . ... e ] 9955 [PTUU B . .
%20 River,at MeTino........cooeviuiene | ol e 41.48 51.41 | 12.25 4.20
10:30 Schoeider ditch. 20.33 R R .. I .
11:40 Springdale ditch 22,66 | ... | ......
120 1River, above Pawnee creek.......... e 20.80 12281 | 9.00 | 2.48
3 b . River, helow Pawnee creek......... e 24.32 3.52 1.7 2.01
420 1 Henderson and Smith ditch...... 2.08 T s
. OcTOBER 23.
%45 River. above Cedar creek. . e 30.36 8.12 | 10.00 | 0.81
11:30 i 1Nff & Platte Valley ditch 414 0 L
1035 |River, helow Cedar creek. . U O, . 35.93 8.71 1.50 6.47
3:30 Rlver 234 miles above Crook....... | ...... s 36.07 0.14 | 17.25 0.01
o OoroBER 24,
8:20 RIVGI‘ at State line..........co..oen | eenn. 1.90 [-34.17 | 36.00 | -0.95
|
Totals... .. | ...... 1 ... | . ... 301.19 1152.25

MessurmmENT No. 7—Made by Li. G. Carpenter and P. J. Preston to Sterhng,
and by P. J. Preston and R. BE. Trimble from Sterling to Julesburg,
October, 1895.

00TOBER 21.
Cacho a 1a Poudre river.

River below the Poudre.....................
008 Tree Creek.. ... .ovvveiivneinenns | aeenns 5.2¢ | ...
" OCTOBER 22.
B oover diteh................ceeunn e 6.07
wer helow Hoover ditch.. ...
t"O]Ver ditch.................
erlng
Bor Eldb(&ﬁpage diteh.......
RIlhm\dxtcHiﬁﬁﬁiﬁ L
1ver ahove Hardin diteh. .. ... PN R
ardin Giteh.. ... ... 6.74
Corona di OoTOBER 23.
2200008 difOh . e 10.00

...... 123.02

LU Aw
...... (3.86)
0

14.23 | 350 | 3300

-35.27 | 450 | 8
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GAGINGS OF THE SOUTH PLATTE RIVER.

(In cubic feet psr second.)

MeasvreEMENT No. 7—(Continued).

Out- In- No. of | Gain
Place of Measurement, take, flow. | River Gain. | Miles, ﬁr
e,
River above Putnam dltch ...... e 035.36 | 42.95 | 1295 3.5
Lost creek. . 6 ] ...
Putnam ditch 14.38 R
Kiowaecreek..............o.ooooiino | Ll [
Weldon Valley ditch...................... 86.85 P N
O0ToBER 24
Riverat Orchard............... ...t | ool 940.78 |106.60 8.25 |12.02
Seepage ditch..............coooii b, (4.10) | ...... cees
Fort Morgan capal.... ..ol 208.28 [PUOR RO
River, at Shaffer'sford..............c.coceei | aenn. 778.37 | 45.92 9 5.10
OoToBER 25
River, above the Bijou...................... 861.85 | 83.48 5.75 | 14.50
Bijou creek.................. .ol 4.84) | ......
OOTOBER
Platte & Beaver canal 10030 | ... | ... [
Denel & Snyder ditch 1470 | ..o | ...
River, at Fort Morgan.. ..........ccooveveeei | ennl. 745.21 |—8.97 4.25 |—0.93
Pyott diteh........... 1558 | ... | ...l
Platte & Beaver suppl 55.72 | ... ol
Smith ditch 2.8 | ..o | ...l
River,at S8nvder...........cooeiviiiiinviin | el 685.85 | 14.82 |11 1.33
O0TOBER 27.
River, 5 miles below Snyder ...... 751.23 | 65.38 5 13.08
Totsel ditch. . PP 5 2 O TN
_ Johnson and Edwards 18.06 | .... | ......
South Platte ditch. 4.80 | ... | ...
Pawnee ditch........... 12900 | ... | ...
OCTOBER
River, at Merino. . el 691.63 | 93.16 | 13 7.17
Schnieder ditch. . 14.60
Springdale ditch... 3}/HY L ] el
Sterling No_1ditch........ . 10.63 | ... | ...
S8mith and Henderson e, 2.97 | ... | .
OCTOBER zq
River, at Sterling bridge. .................. | ...... 671.64 | 46.80 | 13.75 3.40
IMff ditch. . 0
River, at IfF.. .. ool 688.63 | 16.99 9.25 1.8
(CTOBER 30.
Powell and Dillon ditch. 3.4 | o | el ..
McPhee and Mullins ditch. 1042 | 0] L.
River, at Crook..........o.. ciiiiiiiiiiiin | ennn 626.12 |-48.05 | 19.00 |-2.53
NOVEMBER 1
Henry Fuller ditch.......
South Side Res. Co. ditch
Tom Little ditch.......
River, at Pole creek........ 633.23 | 14.75 | 24 8
OoToBER 31 o
River, at State lina...................0 585.60 |-47.63 9.50 |—5.
Total...... 152.25
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TABLE IV.

SUMMARY OF PRECEDING TABLES, SHOWING GAIN IN SEEPAGE OF
SOUTH PLATTE RIVER.
(In cubic feet per second.)

1

No. of. Oct. { Oct. | Oct. | Mar. | Oct. | Oct. | Oct. Ave

Miles.| 1889. | 1890. | 1891. | 1892. | 1893. | 1894. | 1895,
Mouth of Poudre to Hardin ditch ..... 8 [49.0 {68.775.5|69.1]69.0}23.9}79.0]62.0
Hardir ditch to Putnam ditch......... 12 ... 1-18.8 | 18.6 | 45.4 |-33.7 | 50.5 | 43.0 | 17.2
Putnam ditch to Fort Morgan canal.... | 14 [ 51.8 | 27.0 1158 ] 29.5 {°60.8 {96%.3 [©152.5] 57.8
Fort Morgan canal to P. & B. canal ... | 11 oo ] 651383 1%72.7150.3 (654 ....|46.8
P. & B. canal to Snyder. ] Lo (17019827 ... [15.0)24.894.3]49.9
Sngder to Merino. 18 | 706 | 21.3 1-20.3 .. 1 34.7158.71158.5 ] 55.4
Merino to Sterling 14 32812971334 33.8 1125.8 | 46.8 | 33.7
Sterling to Diff ... 9 4| 14.0 | 28.1 24.8117.8117.017.7
Tliff to Crook. .. 17 b -8 .o 0.1 1-48.1 (-20.3
Crook to State line ... 36 3.3 L. 1-34.2 [-32.9 |-21.3
Totals...... 151 |217.1 [165.5 [275.3 (216.7 [254.7 1301.1 {510.1 |298.7
Averagepermile............... ... . .. 221 171 1.8] 1.6 2.6 2.0 41 2.0

*Opposite Fort Morgan. ©Schaefer’s Ford. t Below Pawnee.

§24. We also include the results of the measurements on the
Upper Platte, from the canon, 22 miles above Denver, to the mouth
of the Cache a la Poudre, a total distance of 74 miles. The meas-
urements were usually made continuous with those of the Lower
Platte, though here given separate. In 1895 they were made after
the Lower Platte was completed. These measurements were made
under direction of the various State Engineers, with the exception
of the first, which was made under direction of Col. E. S. Nettleton
in connection with the U. S. Irrigation Survey.

TABLE V.
SEEPAGE INCREASE OF THE UPPER SOUTH PLATTE FROM CANON.

(In cabic feet per second.)

EF] Ot
®Eci’ Oct. | Hg" )
g+ ¢l Oct. | Oct. | Oct. | Mar. | 30- N Nov. B
sgfh 18| 14 | 230 7, [ Nov. | N0V 1hgey’) B
BZ0| 1889, | 1890. | 2891. | 1892, | 1803. | yoqr g
. A5 804, &
To head of City ditch. ..... 6 8.95 27.6 126.0 | 18.4 | 49.2 | 19.4 || 24.0
" Littleton ...... ... 12 189821739501 |8.6/80.4| 643
" Denver ,........ 22 70.8 1105.0 [137.4 | 04.9 1221.6 1198.2 || 127.4
« Pulton ditch ... . 23% |l ... 110.4 [146.5 |149.4 [138.8 [256.0 |179.0 || 1A3.3
o Brighton .., .00 3515 || 1.6 [115.8 |I8L.8 [124.5 |164.6 (306.0 |214.1 || 170.6
« Blwood and Wheeler ditch. . 4414 11133.6 [101.3 [228.8 |145.7 (220.4 (342.6 [272.0 || 2191
« DPlatteville...... .......... 513 ||147.9 | ... |¥36.5 |180.9 [230.6 [371.0 [336.8 || 3521
. bove 8t. Vrain...... 562 (1 ... 1727 242.9 | o o L] 207.8)
.. Union ditch ....... 603 N61.4 | ... | ... ... (261.5 [426.6 [357 5 || 8025
« Latham ... . .00 000000 ...l 68 |211.5 |192.8 (308.8 [202.7 {291.7 |478.4 {381.1 || 2053
Cacho n la Pondre river...........1 74 |'260.* [233.1 [335.7 |226°0 1320.9 15018 |t38'3 || 335,

*Interpolated.

. The sums given in this table will be found to differ from those
8iven in the reports of the State Engineer. In many cases the
Seepage collects in side channels, and runs to the river. Where there
good reason to know that it is seepage, it seems better to include
lhis as a part of the seepage inflow of the river. The examination
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of numerous channels hasshown that in alost all cases they are dry
above the lines of the ditches. In some cases waste from irrigation
and from ditches, not seepage, also reaches these channels.  Asa rule,
along the line of the Platte, there is little wasted, especially at the
time of this measurement. To eliminate the waste, the inflow from
the same chanuel was compared in the various years, and in cases
where unusually large, the excess is counted as waste. The inclusion
of these lateral inflows causes an increase of the amount by about
twenty feet on the average to the mouth of the Poudre.

RELATION TO AREA IRRIGATED.

§ 23.  If the water returned comes from the water applied in
irrigation there should be a relation vetween the amount of water
applied and the amount returning to the river as seepage. There
should also be a relation between the area irrigated and the amount
of return. There are so many interfering conditions, that we can-
not expect to find the relation a very close one, even had we
the means to know the total area, or the total amount of water
applied, with accuracy. A portion of the water applied raises the
water table or the height of the water in the soil. The land newly
irrigated gives no material return for several years, as most of the
excess of water applied fills the subsoil. If the land is some dis-
tance from the river the element of time also enters. In the case of
the Poudre river, there have been many seepage ditches constructed
for the purpose of taking the seepage water before it reaches the
river, and again applying it to the land. In the aggregate they use
a considerable number of second-feet. The increase as shown
in the tables should be increased by the amount thus used. The
relation between the seepage and the area irrigated will be obscured
by these and other causes. The return for any one yearis not from
the water applied in that or in any other one year. It is rather the
result of the applications of several different years at different dis-
tances. Hence, while the amount varies from year to year, the var-
iation from one year to another is less necessary to take into account
as the strip irrigated becomes of greater width. In the case of the
Poudre valley and also in the Platte, the area under irrigation bas
steadily increased since the first measures were made. The total
amount irrigated in the Poudre valley may be considered a3
between 120,000 and 135,000 acres. The latter sum was used 1
bulletin No. 22, on the “ Duty of Water.” o

Table VI gives the data regarding the principal ditches in the
valley, and is given in full to show the character of the lan
devoted to agriculture. In this table, column 3 includes the
total amount of land supplied with water rights under the canals.
The waste and pasture land includes much thatis not irrigated, ab

. . . 1
some thatis. Hence the difference, given in column 11, is really 1es8
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than the area irrigated, if the figures are otherwise correct. The
area shown by this table as irrigated in 1894, exceeded 116,000
acres. In the previous year it was less. The increase amounted to
several thousand acres per annum, principally under the outer
ditches, and at the lower end of these canals. The drainage from
a portion of this area does not enter the Poudre, but instead it
enters the Platte directly, and through the Lone Tree and Crow
cresk valleys. This seepage has amounted to probably not less
than from twelve to twenty second-feet during the past few years,
but is included in the seepage of the Platte and cannot be separated.
But, considering that all this area is tributary to the Poudre, we have
from 116,000 acres a return of 104} cubic feet per second on the
average, ot one cubic foot per second from each 1,100 acres irrigated.
The seepage known to be caught and stored in reservoirs is more
than cnough to make the return one cubic foot per second for less
than 1,000 acres. In 1895 it amounted to one cubic foot per second
to every 700 acres. In the case of the Platte, one cubic foot per
second returns from still fewer acres.

TABLE VI.
2 : 2 | A
K 2 - z 2 2d | <
g o a N @ (=] g = =
& L = « ,_“}Hu @ -
§ . « g m an cﬁ jésgg
s ] & » 2oE | = 3 & x3
“ ¢ |58 2 2 Bz v 2| iz TS
8| Name of Cannl. 3 31 = 5 C% ° < S5 | 885
a P © « [} - Z @ -« SX0
4 5 ; = Smo - s 2| §a<
g S5 | ElE |22 e 2 O|EE|s
|53 o < 53 ol = = - < < <
& g ia | <o |dlE=R|S S | £ |4
1) (Col. 2) (3) | (4) (3) (8) (7) (8) (11) (12)
1|N. Poudre canal ....| 4.074 7.081 843 7951 2,430 63,626 1.493! 18,306
2 |Box Elder canal .... 1'2801 1,000 501 . p
3|Canon ............... 4970 1971 160
{ {Lurimer Co. ........ 27,844 11,131] 4,010
5 [Jackson diteh. ..... 3,160, 991) 1,131
6 ISmall ditches. n. side| 2,064  453| 786
7 Larimer & Weld. ....| 59,507;15,123| 7.428
3 [Pleasant Valley & Li.| 82211 3,110} 1,750
9 INew Mercer......... 4,256: 1.867| 1,664
10 |Larimer Co. No. 2..{ 8623 683/ 2,751
1 Fort Collins. .. ......1 11790 374 4@
12:Box Blder .......... 1.735) 1,028 270
13 'Watrous, W. and 8.. 120 75 20

oo

‘Ames, P. and C. d’s.| 1,463] 1,303] 409
Lake .. oo 0] B.242] 2,076) 1,007
Cacheala P. No.2 33,173 11,128] 5,032
Whitney ...

e 2,080 683 358
iﬁaio‘? and Jones

4,168; 11,962
22045! 70,610

e

=
&
&
~

=

=

3601 1449 75

§-No.3 ... 1,275 480| 147 ; ; 795
2 ‘Boyd and Freeman .. 9001 1581 90l 850! 300! 3,150 742
A ing VY it e s 3,800i 1,728 7200 .. 1,37 20,755 2,072
.__,__——__—____._\ —_ _ ——]—
' Totals ...... 176,848' 61,120! 29,103 4,7221 76,119 1,045,258 29,351 1,417.623| 116,228/ 260,259

—_

§26. The foregoing table shows the distribution of the irri-
gated land, and of the water applied in the valley, according to the
tanals. The record is taken from the figures obtained by Water
Commissioner Tenney in 1894, and include the first complete data
for the entire valley. The data gives nearly the relative quantities,
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and is far better than other records available. Some of the figures
will be referred to later.

§27. On the Lower Platte the extent of the irrigated area is
not so well known as on the Poudre. This portion of the valley
includes two districts— Water District No. 1, from the mouth of the
Poudre to the east line of Morgan county, just below the head of
the Tetsel ditch, and No. 64, from that point to the State line. In
the report of the Commissioner for district No. 1, for 1890, the toial
amount irrigated is given as less than 11,000 acress. In 1892 it is
given as 43,730 acres. This latter is probably excessive. The
amount is reported in 1895 as practically the same, distributed
among the ditches as follows:

Acres.
The Hardin ditch______ . ____.____ 525
The Hoover and Illinois ditches____ ____ 720
The Putnam diteh - .___ ______ ______.__ 1,875
The Weldon Valley - . ______ ______ 6,250
The Fort Morgan - o . .. 12,600
The Platte & Beaver_.___ ______ . ____ 14,080
The Platte & Beaver Supply_ - o—oo. 9,500
Deuel & Snyder___. ___ e e 1,000

In district 64, through the courtesy of Mr. Patterson, the Water
Commissioner for that district, we are given the following approxi-
mations:

Acres.
South Platte diteh - - oo o __ 3,500
The Pawnee - oo e 4,700
Schneider - e 2,600
Sterling Irrigation Co...oo cooo - 4,400
Henderson and Smith . ___________ 1,275
Sterling No. 2. o oo 1,800
Low Line o - 1,900
Springdale o . 3,200
Powell and Dillon .- .-~ 930
1lift & Platte Valley . - .~ . -5,000,
Small ditches_ - o 6,000
Oratotal of oo oo —__._35,000

This makes a total acreage for the valley of about 75,000 to
80,000 acres. With an average inflow of 340 cubic feet per second
from the mouth of the Poudre river to Iliff, this is an inflow (}f
one cubic foot per second from 220 to 240 acres irrigated. This 18
far more than in the case of the Cache ala Poudre. It is to be
noticed that in the case of the Platte, a relatively large proportion
of the irrigation is given to the bottom lands, which are used for
hay. The principal exceptions are in the vicinity of Fort Morgad
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and Sterling. The river overflows the bottoms many years, and did
50 in 1893, 1894 and 1895, and soaks them with water sometimes
for a considerable period. More water is applied in the bottom
irrigation than in the uplands. The practice of fall irrigation
is very extensively followed. The river then having sufficient
water, all the lands with few exceptions are soaked. We do not
have measurements to show how much water is thus applied, but
from what I observed, and from the conditions, the watering seems
to be relatively a very profuse one. This land receives more water
than an equal area on the Poudre, and is, as a whole, much closer
to the river. These conditions tend to give a more profuse and a
speedier return to the Platte.

On the Upper Platte, the conditions have not been under obser-
vation, and the areas are not well known. The seepage of fully half
amillion acres drains into this portion of the Platte and the tributar-
ies which flow into it. In the cases of the latter, the construction
of numerous seepage ditches have interfered with the natural flow
of the water, so that the amount which reaches the river is much
less than the total amount of seepage. A portion of the land irri-
gated from these lateral streams drains directly into the Platte.
This is especially the case with Clear creek. According to the
reports of the Superintendent of Irrigation of this division to the
State Engineer, there have been, using round numbers, 58,000
acres irrigated in district No. 2, including the Platte from Denver
to the mouth of the Poudre; 39,500 in district 8, which includes
the Platte from Denver to the canon. This is a total of 98,000
acres irrigated directly from the Platte. In addition to this there
are about 45,400 acres draining into the Platte which are irrigated
from Bear creek, Clear creek, St. Vrain and Big Thompson, making
atotal of 143,000 acres lying along the Platte and tributary thereto.
This sum is rather above than below the truth. Comparing with
the total inflow, we have an average return of 332 cubic feet per

second from 143,000 acres, or one cubic foot per second from 430
acres.

During the first four measurements the average return was
%64 second-feet, and during the last three, 423 second-feet. The
latter is at the rate of one second-foot for each 238 acres. It is cer-
tain that many acres of the land in this valley returns but little
water to the siream. Whether the rate of increase noted in the table

from vear to year will continue, further measurements are necessary
to determine.

RELATION BETWEEN SEEPAGE AND AMOUNT OF WATER APPLIED.

§29.  An attempt was made to determine the amount of land
the drainage of which enters each of the lateral channels and
eniers the river between the points of measurement, thinking that
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this might explain some of the exceptional gains. But still better
is the amount of water which is applied, if it can be known. A man.
uscript map was prepared, showing the location of the water rights in
the principal canals. A water right usually includes the right to
the water for 80 acres. From this map a table was prepared, show-
ing the number of rights draining into the river between the dif.
ferent points of measuremnent. From the amount of water used by
the different ditches during the year, as shown in Table V1., this could
be expressed in acre-feet of water, or in the number of acres which
would be covered by the water one foot in depth. The inflow ecan
not be expected to be very closely proportional to the area irrigated
or the amount of water applied between these points, or not until
after a series of years. The return is slow, and there is reason
to think that the seepage from some of the cuter ditches ha
not yet reached the river. The construction of seepage ditches, to
drain the seepage water from the water-logged land, or to catch the
seepage water, also interferes with the normal distribution. They
collect and carry the water sometimes a number of miles trom
where it appears. The effect of the seepage ditches is to increase
the apparent return near the lower end of the stream. The
amount of water lost from the canals is much more than from an
equal area of irrigated land. An area of oue acre forming part of
a canal channel loses as much water as 200 to 400 acres of land
under ordinary irrigation. The losses near the heads of the canals,
especially those near the mountains, is greater than the average
An estimate of the number of acres of canals would be desirable
before the study can be completely satisfactory.

From Table VI, we find 260,000 acre-feet of water is applied
to 106,000 acres. This includcs loss and waste from the canals,and
is equivalent to a depth of 2.45 feet over the entire area irrigated.
If this depth were applied by the smaller canals too, we have 284;
000 acre-feet applied in the whole valley.

As a rale, the smaller canals have earlier appropriations from
the river, and therefore use water more freely ; hence it is safe to
assume that at least 284,000 acre-feet of water have been applied to
the irrigated area. The amount of water which is applied is gﬁ’ected
by the stage of water in the river. When the river is high the
canals are full, water is unstinted. If low, the amount used 1
decreased.  In this case the ditches of later construction are th§
first to suffer. The development of storage reservoirs has increaset
the amount applied late in the season, especially since 1892. At
present the reservoirs already in use in the valley of the Cache&la
Poudre have a storage capacity of about 48,000 acre-feet. Of the 284
000 acre-feet applied to the whole valley, about 35,000 acre-feet 15
applied so that it drains into the channels running into the Platie
Deducting this, as it does not affect the inflow into the Poudre, #¢
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then have an inflow reaching the Poudre of 104 cubic feet per second,
from an application of 250,000 acre-feet, or a constant flow of one
cubic foot per second from each 2,400 acre-feet applied. The amount
is actually greater than 104 second-feet, because of the amount, at
present unknown, which is caught by the seepage ditches. As one
cabic foot per second corresponds to 724 acre-feet in the course of a
year, there 1s a seepage return of 724 acre-feet from 2,400 acre-feet of
water taken from the river. If the seepage from the outer canals has
not yet reached the river, then an actual application of much less
than the 2,400 acre-feet gives the observed return. What the exact
proportion is cannot be determined in this valley for some years to
come, after all the land irrigated furnishes its portion of the seepage
19 the stream.

§30. Bringing together the amount of increase in different
varts of the Cache a la Poudre and the area of irrigated land
which drains into the saine section, we have Table VII. In the
third column is given the amount of water applied to that portion
of the valley whose natural drainage is into the river between the
points indicated in the first column  In the fourth column is given
the per cent. of the total amount applied to the whole valley.
In the column headed “Computed inflow” is given the amount of
inflow there would be if the inflow were in exact proportion to the
amount of water applied. How much land will furnish underflow
to a given part of the river cannot be very closely told, even with
detailed knowledge of the topography and the location of the
farms where water is applied. The course of the underground
drainage can be told in most cases, until the river bottom is reached.
Thence the channels often end in sloughs, and sometimes follow old
river channels, or the water is collected in seepage ditches, which
carry it sometimes for considerable distances. From our present
maps the limit of the drainage areas cannot be told with sufficient
accuracy to make the areas and the amount of water applied, given
In the third columm, anything but an approximation. The table
shows, however, that the relation is close enough to be more than
accidental, and in future years, when the influence of the outer area
begins to be felt, may be expected to be closer.

It shows that thete is a reason for the large amount of increase
observed in the last few iniles of the Poudre, before it empties into
the Platte.

In the case of the increase from the No. 2 canal to the Pump
house, and from the Pump house to the Ogilvy ditch, it may be
stated that a portion of the drainage above the Pump house enters
the hottoms above that place, and does not enter the river until
belqw that point. While the water applied is counted in the
section above the Pump house, the seepage is included in the
section below. It has not been possible to estimate this, and it is
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therefore noted as a disturbing condition. Likewise, some of the
seepage which should enter the next section between the Pump
house and the Ogilvy ditch, enters the river lower down.

TABLE VIIL
° Water Applied. Average Inflow from Seepage.
D
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Canonto L. & W. canal.......... 7.25 18,400 7 Q 15 8 2
L. & W.toNo. 2canul............ | 10.10 51,800 21 9 21 21.6 2
No. 2 to Eaton canal.............. 3.0 37,000 15 ..
Ratonto No. 3............c.ocine 9.0 30,300 12 . .
No. 3 to Pump house, Greeley.. .. 3.0 46,700 18 .. . [N
No. 2 to Pump house, Greeley.... | 15.0 114,000 45 i 28.6 43 3
Pump howse to Qgilvy ditch 2.5 23,100 9 8 19.2 10 8
No. 2 to Ogilvy ditch........ 17.5 137,100 55 9 45.2 57 2.5
OQgilvy to mouth of Poudre. 4.0 42,700 17 8 23.8 18 6
Beyond moath of Poudre......... 38,000 . .

THE EFFECT OF TEMPERATURE ON THE INTFLOW.

§31. The effect which temperature might have upon the
amount of inflow was not considered of any importance until the
unexplained differences caused a consideration to be given to its
possible effect. It is known that low temperatures increase the
viscosity of water. The effect is especially noticeable in the flow
through small tubes, so much so that five times as much water
will pass through a capillary tube at 200° as at 32° F.  The effect
has been noticed on the amount collected by drains, and in varying
the discharge in cases like those of the gathering pipes of the
Denver Water Co., in the bed of Cherry creek. A comparison
between the soil temperatures at the Colorado Agricultural College
and the inflow into these gathering galleries has been made in bul-
letin 38 of the Utah Experiment Station. As our measurements of
the seepage were nearly all taken in the same month, it was not
thought that the difference of temperature would be sufficient to
affect the quantity of flow. But it may have a much greater effect
than was at first thought probable. The water-carrying stratum
lies at different depths, and is of different thicknesses. Its temper-
ature therefore varies. Besides, the descending water carries down
the temperature of the surface to some extent. Still, the indlc'athHS
of the soil thermometers may be taken to show the variations in the
temperature of the seepage water at the time of gaging, and hence
give the means of estimating the effect of temperature.

The readings of the soil thermometers will not be far from the
temperatures of the soil at the corresponding depths throughout the
Cache a la Poudre and the Platte valleys. There are three sets of
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thermometers: One in well-drained irrigated soil; one in low,
andrained irrigated soil, the water standing within six feet of the
surface; and one in well-drained unirrigated soil. At a depth of
six feet the variation during the year is from 20° to 24°, being
least in the low ground. At three feet in depth the range is 32°.
At six feet the highest temperature of the year is reached early in
September, the lowest early in March. Its temperature thus lags
six or eight weeks behind the temperature of the surface. At
three inches depth the annual range is about 70°.  'With the range
of temperature at the depth of six feet, other conditions remaining
the same, oue-third more water would flow in August than in March,
and at a depth of three feet, nearly one-half more.

But as the gagings of the different years were made at almost
the same time, the difference in temperature is comparatively small,
and the effect in different years for the same month will be less

The table shows the average temperature at three and six feet
depth during the time of the gagings of the Poudre river, and the
amount of inflow found is shown in the fourth column.

Had the temperature been uniformly 60° instead of that
obscrved, the amount of seepage would have been that given in the
last colamn.  This is under the supposition that the temperatures
atthree and six feet in depth from the surface will be the most influ-
ential. The correction is obtained by determining graphically the
co-efficients of viscosity from the co-efficients, at 32°, 50°, 68°, ete.t

TABLE VIII.

TEMPERATURE OF SOIL AT 3 AND 6 FEET BELOW SURFACE,
AND ITS EFFECT ON SEEPAGE.

. . 1 @ T 1..A["
o 2 &5 | 8E
@ 3 @8 3 2
5 T @R D = E%
YEaR. g g% 1% 58y
o8 ER 1 ogs | EC
En | B@ | o508 on8
2 2 gam | eS8
. = & < -
Qct., 18% 57.8 59.4 49.0 101 |Set A in dry, well-drained irrigated soil.
80t-~ 830 58.7 56.2 | 100.8 104.8 [Set B in low ground; water standing within six
of ., 18 55.7 54.9 84.6 90.4 | feet of the surface.
Mar., 18 33.9 | 400 | *06. 122.0
gcf-. 1892 60.¢ | 59.¢ [101.6 | 101.4
MOV-. 863, ., 51.5 53.4 98.7 108.6
A“-‘ IS4 0] 86.2 37.¢ 82.8 107.2
Ouf-- W 643 62.5 118.2 3.5
c\,\]gqs f 522 52.3 164.4 187.4

*To Ogilvy ditch.

The amount of return throughout the year is sensibly the same,
the principal disagreement being the one for March, 1892, when
the gain in less than the full distance would have been 122 second-

T Daniell’s Physics, p. 306.%



44 SEEPAGE OR RETURN WATERS FROM IRRIGATION.

feet, and in 1895, when the gain was much greater than in previous
years. The large gain corresponding to March, 1892, is probably
due to the fact that this measurement was taken immediately fol.
lowing a storm, which had covered the ground with snow, and,
slowly thawing, had filled the surface of the soil. Such a case as
has been shown by King, makes its influence felt at once on the
underground water, even though the intermediate space be dry.
The return for 1891 is less than the average amount. There isa
doubt concerning that gaging. The measurements of the lower
part of the stream from the Pump house, at Greeley, to the mouth
of the Poudre, were made by Messrs Hope and Trimble, who con-
tinued down the Platte, while the upper ones were made by other
parties. The results of the lower party were taken and compared
with those of the upper. It is possible that the interval of one day,
or the use of different meters, may have had some effect.

There is a sensible increase after allowing for the effects of
temperature.

RAPIDITY OF FLOW OF SEEPAGE OR UNDERFLOW WATER.

§32. Inquiries for information regarding the movement of
underground waters is so frequent, that though it was not intended
to say anything on the subject in this bulletin, it is desirable to give
a brief statement of the facts as they appear to be.

Direct evidence of the speed with which water passes through
any considerable distance underground is almost entirely wanting.
Attention has been awake to evidence bearing upon the question,
but in the course of extensive travels over much country for some
years almost none has been encountered.  Cases where lands have
been seeped subsequent to the construction of a ditch have been
sought, but most cases have been complicated by other conditions,
which make the answer anything but conclusive. Subsequent
experience has also led to the conclusion that the appearance of
seepage may give very unreliable testimony. For example, on the
grounds of the Colorado Agricultural College a well was sunk about
200 feet from a canal and about ten feet lower. In the course of
some measurements on the well, it was found that whenever water
was turned in the ditch the water began to rise in the well within
twelve hours. There is every reason to doubt that water passed
that distance in that time. The case is similar to that where water
is turned in a hose. If the hose is already full of water, water
immediately begins to run from the lower end. If the hose 1
empty, some time will be required to fill the hose before the water
begins to run. If already full, the pressure is transmitted in very
short time, and the increase which is seen very often in the flow of
seepage when water appears in a neighboring canal may be due t0
the transmitted pressure, rather than to the direct passage of water:
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Where there is a periodical change in the head supplying the water,
as in the case of the canals, there may be a series of underground
waves affecting the height of the ground water. The rise and fall
of such a wave, which started years before, may be mistaken for
the rise and fall due to the periodical rise in the canal.

Thus the case of the Natron ponds, which rise in March, and
are located thirty-five miles from the Nile, and which Storer (4gri-
eulture, 1:56) attributes to the rise of the Nile of the previous Sep-
tember, is probably such a case.

§33. The best case met with was near Montrose. A deep
guleh starts in the mesa below the Montrose canal. Passing across
this depression the glistening in the moonlight of the alkaline
deposit on the shale at the bottom attracted my attention, and on
inquiry it was learned that this began to show slightly two years
after the canal was used, and in considerable quantity in three years.
The distance from the canal is three miles. This would make the
speed about one mile per year.

§ 34, Direct experiment on the rapidity under field conditions
have been unsatisfactory or inconeclusive. Col. E. S. Nettleton, as
Chief Engineer of the U.S. Irrigation Investigation for the Depart-
ment of Agriculture, aided by W. W. Follett, attempted to deter-
mine the rapidity in the sands of Cherry creek, and on the Rio
Grande, but with inconclusive results, except to come to the con-
clusion that the velocity was very slow. *

In the sands of the Fountaine qui Bouille, Mr. D. C. Henny
concluded that the water had a velocity of about seven feet per
hour. ¥ The method of arriving at this determination is not given.
From other evidence it would seem to be excessive.

Water Commissioner J. T. Hurley, of Orchard, reports that
under the Weldon Valley canal the seepage has progressed one and
one-half miles in five years. In one case under the Larimer
County canal, according to Mr. N. C. Alford, it was five years before
seepage showed at a distance of forty rods from the canal, though
the slope was considerable. In one case near Greeley, according to
Mr. 8. A. Bradfield, it seems to have taken about ten yearsto go two
and one-half miles.

§35. The rate is certainly slow, and observers throughout the
State whose attention has been called to it now agree upon its small
progress. A few years ago most of them believed in a rapid flow,
as still do most of the adherents in the belief that there is a great
“underflow ” under the plains.

Comparison with familiar facts would lead one to expect siow
progress. The water in passing through sand and gravel must

* Final report Artesian and Underflow Inveetigation ; Pt. 2, p. 34.
T Quoted by J. D. Schuyler, report as consulting engineer to the Pueblo
Gravity Water Co.
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pass through small openings, which form a series of minute, torty.
ous and long tubes. It is a fact of common observation that the
pressure of water is much reduced by attaching a short length of hose
or pipe. In the case of flow through sands, the openings are many
times smaller, and the length may be very great, hence no matter
how great the fall, the effect of the pressure is throttled by the
friction.

§36. In the lack of direct field evidence, we need to resort to
laboratory experiments. An accomplished French engineer in
investigating the water supply for the city of Dijon, experimenteq
upon the flow through sand. He used a cast iron tube twelve feet
long and twelve inches in diameter filled with sand, measuring the
amount of water which passed through under different heads, and
determined the relation between the pressure and the velocity. *

§37.  From the experiments of Darcy developed by Dupuit 1,
it is found in minute channels the velocity varies directly as the
head, and may be expressed by the equation,

v==Fi
in which v represents the velocity, ¢ the inclination ( being the head
or fall in a given distance divided by the distance), and % a factor
which varies with the kind of soil, size of interstices, etc. This fac-
tor varies widely in different soils. It can be determined by exper-
iment in specific soils, and the results there obtained applied to
others of similar character.

Table IX. is an attempt to put into tabular form, which will
be practically useful, the value of the factor k for different cases.
The table gives the factor by which the rate of inclination or grade
(expressed by the fall in feet divided by the distance in feet) is to be
multiplied to give the velocity in feet for the unit of time given m
the corresponding column. The table is made from data obtained
from the filters of London, Paris and Berlin, through Professor
Nazzini, of Rome. ||

§38. Since water is more viscous at low temperature than at
high, the formula given in §37 should evidently include a factor
depending upon the temperature. From the experiments of
Poiseulle ] this factor would be 1--.00187 (1-82°) —|-.00007 (t-52°)
for any other temperature than freezing.

# Darey, Lies eaux publiques de la ville de Dijon. ‘
T Traite de la conduite et de la distribution des eaux. Darcy and Dupuit
I have not had the opportunity to consult at first hand.
|| Idraulica pratica, 1:608.
Recherches experimentales sur le mouvement des liquides daus les
tubes de tres petite diametre. Quoted,Jamin et Bouty, Physique, tome 1, pt. 2
p. 100; also see Daniell’s Physics, p. 308.
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TABLE IX.
TABLE FOR VELOCITY OF FLOW THROUGH PERMEABLE SOILS.

Values of % in formula, v=*% <, for different units of time: vis
velocity in feet; ¢ is the inclination or fall in feet per foot.

Velocity.

Kind of Material,

Voids,

. wwwwser | Proportion of.

Per Per Per Per
Second.| Hour. | Day. | Year.

Size Grains, in
Inches

1
|

Minute Gravel..........ooiiitiiieiiiaeieaee 08 | 0. .024 86.47 | 2075 757520
CORTEE SANA . .\t vnreee vt reaneee i ceeeanan .. 0 0026 1 9.33 | 224 81730
Fine Sand. .. .iiir i ittt ieine v cieveeeiaaaa.. | 008 O 00047 1.69 40.5 14777
SANAY SOI. L1t it et e e e 0. .00022 79 189 | 6897
8aNAY ClaY ..\t vennveen caneereveee e et e anas 0. .00012 42 10.2 1 372
- ; 0. 00003 .12 2.8 | 1035
Y e e e e e o “00008 265 71 2587

ExamprLe.—What distance will water pass through coarse sand in a year,
inclination about 1in 100 ?

Hore i=-1-100. If the sand averages 1-10 inch diameter, without finer
particles, it would approach what is here designated as minute gravel. In one
year “he distance would be the number 757,520 multiplied by the inclination,
1-100, giving a distance of 7,575 feet, or about one mile and a bhalf. If in coarse
sand, as here termed, a distance of about 800 feet.

If the movement is downward, then 7is 1. 1f there is a head in addition,
then ¢ may be greater thanl.§ gy

§39. An opportunity to measure the loss by seepage from a
canal, and, indirectly, the rapidity of passage of water through the
soil, occurred at the time of making the seepage measurements.
The Fort Morgan canal is of considerable size. It was measured
about three miles below the headgate. Another measurement was
made at a point 7.4 miles from the first, at the head of the old flume
across Bijou creek. Two small laterals between were withdrawing
water. This was measured and taken into account. For much of
the distance the canal skirts the bluffs between the bottoms and
the up-lands. For part of the way the soil is very sandy. At the
first point of measurement the canal was carrying 208.28 second-
feet; at the second point, 183.83 second-feet. The intermediate
laterals withdrew 4.37 second-feet. Hence the loss, including seep-
age and evaporation, amounted to 20.08 second-feet. The evapora-
ton from the surface, averaging forty-five feet wide, under the con-
ditions of temperature of water and air cannot exceed one-fourth

0? one cubic foot per second, by use of formula in annual report
of 1891, *

Practically, therefore, the whole loss is seepage. This stretch
of the canal has not been cleaned for some years, except that in

o Annual report, Section Meteorology and Irrigation Engineering, Report
olorado Experiment Station, 1891, p. 51.
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1895 some material was taken from the bed of the canal to
strengthen the banks.

§ 40. A new section had been built on the same canal to avoid
a long flume on the old line. Water had been running in the new
portion for three weeks at the time it was visited. The total length
of the new portion is 10,100 feet, including 400 feet of flume. A
measurement was made of the water of this section, both at the
upper and lower ends. Some water was rununing through the old
flume. The amount decreased from 109.15 second-feet, to 97.67
second-feet, in passing through the new channel, or there was a loss
of 11.48 second-feet. The new flume wasso nearly water tight that
its leakage may be neglected.

§41. In these two cases we may estimate the rapidity of the
flow of water through the soil. In the first case, the loss of twenty
feet took place in a distance of 7.4 miles. The average width of the
channel was 45 feet, hence the area of the canal in this distance
was nearly forty-one acres. The loss corresponds to a layer of water
of 11.7 inches deep in twenty-four hours. As the water occupiesa
space of about one-third of the sand, its velocity through the sand
is three feet per day. It is unquestionably true that the loss takes
place at unequal rates in different portions of this stretch, so that
this rate, as in those which follow, i3 an average one for the section
considered.

In the second case, the loss was 11.48 second-feet in a distance

of 9,700 feet of channel. The average width was forty feet, giving
an area of nine acres covered by the water. This corresponds to the
loss of a layer of water 2.53 feet deep over the whole area of the
canal. For half of this distance the canal extends along the sand
bluffs which line the west side of Bijou creek, and is from thirty to
ten feet above the channel of the creek. It isin a compact mate-
rial, some of which needed to be blasted in constructing the
channel. On the east side of the creek, it passes through a loose
sandy soil, which slopes about one per cent. toward the creek. From
evidence since obtained from the canal superintendent, Mr. Ding-
man, it seems probable that the loss from the west side is small oris
insensible. A hole bored under the channel, and within a few
inches of the water, was perfectly dry. If the loss is from the east
side only, the rate must by twice as great as if from both sides, or
would correspond to a layer five feet in depth per day over this
portion of the canal. This would correspond to a velocity through
the sand of about fifteen feet per day.
7§42, On the Hoover ditch, running at the base of sandy
bluffs, but with the bottom of the ditech covered with a fine silt, the
loss in a distance of 1,500 feet was at the rate of 1.2 feet in depth
for twenty-four hours, or a velocity of 3.6 feet per day through the
sand.
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§43. On the Muzza canal, in Italy, the loss is equivalent to a
laver 1.7 feet deep per 24 hours. The canal runs through an
exceedingly pervious soil, and has a great fall.

The Naviglio Grande, of Italy, loses a layer of water ten inches
deep. The Canale Martesana, a layer 1.5 feet deep daily. The
three canals above mentioned have been built for some 700 years.

The Centreville and Kingsburg canal, in California, from data
given by C. E. Grunsky, of San Francisco, loses an average of five
feet 11 depth, for six miles, in twenty-four hours. In one particular
mile, where the loss is excessive, because of porous soil as well as from
the location of the canal, near the edge of a bluff, the daily loss
amounts to a layer fifteen feet in depth. This is an extreme case. *
Another case of a great loss occurred in the Cavour canal, of Italy, at
the erossing of the Dora river. This was by an artificial embank-
ment. At first the loss amounted to a layer nearly twenty feet in
depth. This was afterward very much reduced by using muddy
water and allowing the silt to settle, and fill and cover the surface.

If we consider that in each of these cases the water occupies
one-thizd of the volume of the sand, the distance it flows in twenty-
four hours would be three times the thickness of the layers noted
above, or from 2.5 feet on the Naviglio Grande to 60 feet in the
Cavour instance.

It may be said, in passing, that the amount of loss from the
canals may be much reduced by the settlement of fine clay or sedi-
ment. In one case, in the Cache a la Poudre Canal No. 2, where
the seepage had made a considerable area so wet as to be impassa-
ble with teams, a check built for other purposes, by causing the
deposition of silt, was sufficient in a few years to lessen the seepage
30 that the Jand became passable.

Another instance, illustrating the same effect, was shown in a
canal near Greeley. When first built, considerable damage was
done from the raising of the ground water and flooding cellars in
fome parts of town. After a few years the cause of complaint dis-
appeared, silt sealing the bottom of the canal. In 1895 sand was
Obtz}ined from the bottom of the ditch, where the ditch crossed a
favine, and where there was a good deposit of sand suitable for
building purposes. The top layers of the sand were partially
tmented. Within a few months after water was turned in com-
Plaint arose regarding the influx of water into the cellars. Ten
days after the water was turned out of the canal, the water began to

*Sinee the above was in type, additional data, obtained through the cour-
tesy of Mr, Grunsky, indicate losses of depths of 1.5, 1.7, and .6 feet. from
stretchies of the Kings River and Fresno caval ; of 2.8, .25, and .4 from portions
f)f the Fresno capal, and 1.2,1.9, 3,7 and 6.4 feet from certain laterals, the veloc-
Ity throngh the soil being about three times as great.
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go down in the cellars, falling about six inches in three weeks, ang
eighteen inches in a little over two months. A measurement of th
amount of water in the ditch was made October 186, at the time of
gaging the river, both above and below the point where the great
loss was suspected. 'The quantity in the canal decreased from 2584
cubic feet per second above the place, to 20.80 a little disiance
below, or a loss of 5.06 cubic feet per second. The total distance
between the two measurements was forty-six rods. The total ares
of water surface was not noted, but with the increased breadth of
the canal at the ravine crossing it is about one-half an acre. This
would be equivalent to a depth of twenty feet, over the area wetted
by the canal, in twenty-four hours.

SOURCE OF THE INCREASE.

§ 44, Whether the water forming this increase to the streams
comes from the rainfall or from the waters applied in irrigation, is
important to determine if possible. From the nature of the case,
it is not possible to indentify the water, but a comparison of the
increase between different regions of greater or less irrigation gives
some basis for a conclusion. If the increase is partially or wholly
from irrigation, it follows that the inflow will increase from year to
year, as the amount of irrigation increases; that the lower reaches of
streams will have a more regular supply; that the increase will
show itself farther down stream, making it possible to gradually
bring more land under cultivation; that many of the dry streams
will become living ones; and that the damage which riparian
owners in this and other States have claimed to be done by iriga-
tion on the upper portions of the rivers will become less as time
proceeds. If the inflow comes from and is due to the rainfall, then
we cannot look for benefits of this kind, and those on the lower
reaches cannot hope for a future lessening of the damages.

§45. Such gradual increase of the streams is common in
countries with considerable rainfall, but the size of the streams and'
the invisibility of the small sources serve to mask it. The lack ol
measurements prevents the fact from being noticed. The rainfall m
Colorado averages less than fourteen inches per annum. With this
amount of rainfall, or with the rainfall of exceptional years, would
there be any return to the stream without irrigation ?

§46. There was no observation of the phenomenon before
irrigation was practiced. But neither was there settlement. Irri-
gation was practiced for some years on the bottom lands before the
use of water was sufficient to dry the stream bed, and thus make I
possible to notice a small inflow, either by its effect on the volume
of the stream, or by exposing the points of inflow. If there Wwas
any such inflow, it certainly was not sufficient to prevent the Platte
from going dry in 1863 and other years. At the time of the first
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measurement of the Poudre by Col. Nettleton, in 1887, the increase
amounted to eighty-seven cubic feet per second.

$47. Where there is abundant rainfall, there is no question
but that 1t furnishes a supply to the streams through underground
passages, with effects similar to those noticed in the measurements of
these streams. The amount which thus percolates through the
ground is the portion of rainfall remaining after the run- off and
fhe evaporation have been supplied. We have no direct observa-
tions under our conditions to determine positively how much, if
any, of the rainfall remains to supply the underground water of
the soll. Lawes & Gilbert, of Llothamstead, have maintained a
series of drainage gages for a number of years. In the twenty-two
years, from 1871 to 189‘7 fifteen to sixteen inches of the rainfall
vmxxe(l through forty to sixty inches of soil, and joined the subsoil
water.  This wounld be available for springs, and doubtless largely
increased the volume of the streams draining the country. This
was out of a total rainfall averaging 29.95 inches. Hence 1t fol-
lows that some thirteen inches in the humid atmospbere of England
was required for evaporation from the surface of the 301] which was
left uncropped and free from vegetation.

§48. With a smailer rainfall, it is not probable that the
evaporation would be less. The greater dryness of our climate, the
greater amount and intensity of the sunshine, which heats the sur-
face of the soil intensely, are conditions which favor evaporation.
The uniform dry condition of the soil shows that there is none toe
much for the evaporation alone. Our average rainfall is but little
more than the amount which was evaporated from the soil in Eng-
land, and some of this runs directly to the streams. It does not
seem probable that there can be any left for percolation into the sub-
so1l, except under unusual circumstances. In 1895, when eighteen
inches of rain fell, not much more than usual was available for
evaporation and percolatlon, since with the heavier showers a larger
proportion runs off.

That the inflow comes almost entirely from irrigation is shown
indirectly by the well-known effect of irrigation upon the height
of water in the ground. Before irrigation, the distance to \\ater
is generally great, and the quantity frequently scanty. The appli-
cation of water in large quantities to the surface, as in irrigation,
fills the subsoil when porous, and raises the level of the ground

Water as much as forty to sixty feet in some cases. This establishes
asteeper grade to the surface of the water in the soil, and gives the
conditions. which causes the water to pass through the ground with
greater rapidity, and also with larger cross- sectlon thus increasing
the amount of flow from both causes. The great distance to the
ground water before irrigation, the scanty supply, the low grade of its
surface, would in itself show that the amount received from the nat-
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ural rainfall is small, and if this furnishes any inflow at all to the
streams, it must be but a small proportion of the amount at present
furnished under the conditions introduced by irrigation.

§49. From the mouutain water-shed of the Poudre river our
observations show that from four to six inches of water runs off
from the whole area during the course of the year.* From the
plains included in the measurements reliable observations are lack-
ing.  From the curve shown, by F. H. Newell, in the report of the U.
S. Geological Survey for 1892-3, the amount of run-off may be
estimated as from two to four inches. The amount varies with the
soil, the slope of the ground, and the character of the rainfall.

When the precipitation is in slight showers, nearly all the rain-
fall evaporates within a short time, without penetrating move tha
the surface of the soil. It requires a heavy rain to saturate more
than the surface, and furnish some water for percolation. In the
ordinary condition, a rainfall of two inches will penetrate not over
ten or twelve inches. Heavier rainfalls within a short time are
needed before there can be any percolation from the rain. On beds
of pure sand most of the water immediately soaks in, and very lit-
tle is lost either by evaporation or by run-off, hence it is that water
is generally found at moderate distances from the surface in the
sand hills. There have been but twenty-two months in eleven
years of observation at Fort Collins in which the total rainfall in
one month has exceeded two inches, and in only eleven cases has
as much as this fallen in one week. If the rain falls rapidly a
larger proportion runs off than when there is time to soak into the
ground. The case most favorable to percolation which our records
show is in 1895, when two rainfalls each of 2.5 inches, followed each
other with only a few days interval. The first one nearly all soaked
into the ground. The second fell on a ground already saturated
and nearly all ran off, causing unusually high water in the streams
in consequence. There are only one or two other cases in which a3
much as three inches fell within a few days. But even here, the
most favorable of the cases, if the ground is dry, which is its ordin-
ary condition, there cannot be much percolation, and it is very
doubtful if there is any. .

If, however, the ground is already wet, as may be the case with
the lands which have been irrigated, and the surface is loose and
porous so as to absorb the rain as it falls, as is the case with culti-
vated lands, there is reason to expect that the rain will cause &t
increase in the underground flow. The rainfall alone, without the
irrigation, would not cause it, and it is a consequence of the ar-
ficial conditions introduced by irrigation, and may properly be cow
sidered as due to irrigation. A portion of the unusual increast

#Annual reports, 1890, 1891, etc.
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found in 1895 is probably due to this cause. The inflow for 1895
was sixty second-feet more than the average. The rainfall was over
four inches more than the average. Yet the extra sixty feet
throughout the year would be given by a depth of one inch over
40,000 acres. If this comes from the rainfall, we must conclude
that but very little of the extra rainfall was effective. As irrigation
water is applied more freely because the supply in the river is
greater, it seems more probable that the larger amount is due rather
to the more water used than directly to the greater rainfall, though
ab present the effects cannot be entirely separated.

§50. Direct evidence bearing on the question was sought in
the Platte measurement of 1894, but with negative results. If
theie be any substantial increase from such source, then the chan-
nels which conduct the drainage from a large area should show
some Indications of it. There are a numnber of such channels
leading into the Platte, each of which drains over 1,000 square
miles. This is more than the mountain water-shed of the Poudre
river above its exit from the mountains. As the surface of the
rock or impermeable surface has the same undulations as the sur-
face of the ground, the underground drainage must follow essen-
tially the same lines of drainage as the surface. This is shown
plainly in the excellent sections taken at various points across the
plains by Col. Nettleton and Mr. Follett. * One of these sections
was across the valley of the Platte at Sterling.

The streams following these drainage lines, while permanent
near their upper ends, are almost never flowing near their outlets
into the Platte. It has generally been believed that these streams
fornish much water to the Platte through the sand of their beds,
and 1t has been a favorite article of belief among the adherents in
the underflow idea. If this be the case, it ought to be shown by
taking a measurement of the river above the mouth of the stream
and helow, far enough apart to include the bed of sand forming the
channel.  Even if the increase is not noticeably great, the rate of
lucrease might well be expected to be greater than for the average
of the stream.

. 351 In order to test the question, Itinstructed the observers,
m 1894, to measure the river above the important drainage chan-
tels, and also below. This was done by Messrs. Trimble and
Preston, with the results shown in the detailed tables, and brought
togetler in Table X. In most cases the channel spreads out into
the bottoms of the Platte, so that it is sometimes necessary to make
the measurements several miles apart, in order to include the ex-
Pected inflow.

—_—

*Reports Artesian and Underflow Investigation, 1890-1, 1892, U. S. Depart-
went Agriculture. :
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At the time an estimate based on the flow through the sands
and the amount which might be expected, had not been made, and
the results were so much less than had been expected—in some
cases, in fact, showing an actual loss—that it seemed advisable to
secure the measurements of another year, to confirm or disprove
the results, before reporting them. In 1894 the volume of the
river was so small that the errors in the measurement should he
small. In 1895 the volume of the river was so great that plans
had to be changed, and the number of measurements reduced,
Enough, however, were taken to confirm the essential accuracy of
those of 1894, and a personal inspection of the channels, with this
in mind, indicates that at the best the increase from such sources
must be small.

§ 52. The number of cases in which there is a loss instead ot
a gain is striking ; and even granting that there is no increase from
these streams, a loss was not expected. It may be said that the
second measurement has been taken too near the outlet to catch
the underground flow. In most cases this is not the case. The
topographical features—the narrowing of the bluffs or some other
feature—usually guided the choice of the second point. The map
and the detailed tables of the 1894 and 1895 measurements will
give a fair chance to make an independent comparison. Iu the
case of the Bijou, the second gaging 1n 1894 was taken near the
head of the Platte & Beaver canal but a short ways below the
Bijou. In 1895 it was taken over a mile lower down the stream,
and where the bottoms were narrow. A third point of measure
ment was taken in 1894 at the head of the Platte & Beaver supply
ditch. Comparing the gain between the point above the Bijou and
this place, we find a slight gain, but it is still less than the average
of the river. There is very little irrigated area draining into this
section, and it is especially little between the first and second points
of measurement. There is some loss for the whole distance from
evaporation, but during the time of these measurements it is diffi-
cult to account for a loss of more than one cubic foot per second
per mile from this cause. It has been suggested that these Joses are
due to the varving depths of the bed of sand under the Platte, and
the nearness of the bed rock in places. There is evidence that the
thickness of the layer of sand varies, but definite data is lacking.
Tf this be the cause of the loss, it would suggest that tlie bed of the
Platte is washed out below the entrances of most of the streams, o
clse is filled with a coarser and more porous sand. The gain due
to the nearness of the rock in some places should correspond to the
loss at other places. At the measurement above the Bijou c{*eek,
there is a reef of rock. It shows for most of the width of(the
stream, and, at any rate, leaves only a small channel of sand. ‘fhe
gain, however, while more than in many other places, has not beel
marked enough to give great weight to this cause.
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The question needs to be left open for future information.
But the result, however, shows that the gain from the natural un-
derground drainage cannot be much at best, and is probably noth-
ing, at least too small to be measured.

The rainfall given in Table X. as the average for the given
water-shed 1s derived from observations taken at stations on or
close to the water-shed. It may be considered as a fair average of
the amount falling upon the area draining into the channel.
As the stations are few in number and the records not complete, the
amounts are approximations of varying degree of reliability.

The drainage areas have been determined with a planimeter
by measuring the area tributary to each stream from a map pub-
lished by the Post-Office Department. They show the extent of
the area tributary through these dry streams. Were the run-off in
the course of a year equivalent to a depth of only 1.4 inches over
the water-shed, each 1,000 square miles would give an average flow
of 100 cubic feet per second ; or, a run-off’ of a depth of one inch in
a year, from thc basin of the Bijou, would give a constant discharge
of 100 cubic feet per second.

A calculation by aid of Table IX. shows that the amount de-
rived from the inflow from these streams must be small. The
breadth and depth of the beds of sand are unknown. If we
assume a bed 80 rods wide and 1 thick, or an area in cross-section
of one-half acre, and a fall of thirty feet per mile, then from Table
IX. the velocity may be expected to be from 2 to 8 feet in 24 hours.
As this is the flow through the interstices of the soil, which are one-
third only of the section of the sand layer, the whole amount cor-
responds to from 1 to 4 acre-feet in 24 hours, or to a constant flow of
less than 2 cubic feet per second.

It is not surprising that the measurements do not show any
decided gain from such sources.

TABLE X.
INCREASE OF RIVER AT MOUTHS OF STREAMS.

(The negative sign indicates a loss.)
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§83. The fact that, as a whole, the gain is small is a stnl\mo
i)ne and even more o that there is in so many places an actual
0s8.

It, then, seems true that the amount of inflow brought down b
these sands is much less than has been believed.

It seems difficult to account for as great losses at such points
as is shown by some of the measurements, although the loss can be
but little.

§ 54. We have not been able to secure enough detailed in-
formation of the location of the irrigated lands along the Platte, to
be able to make a comparison in detail of the inflow and the irni-
gated area. The areas irrigated stretch along the Platte, usually
near the river. The area watered near Fort Morgan is, perhaps, the
most extensive, and farther from the river than the others. Ths
number of acres which are tributary to each portion is not known
closely enough to state in acres. But, making a general compari-
son, we have the followi ing table. The most that can be said from
it is, that the amount of increase bears a relation, in a general
way, to the extent irrigated.

§ 54.  Comparing the distribution of the inflow on the South
Platie river with the irrigated lands, taking the average inflow as
given in Table V., the average inflow to the State line 1s 2 feet per
mile.

TABLE XI.
“ @
?E §§ REMARKS
(=37 Sy .
z= | £g
. <
From mounth of Poudre to Receives seepage from about 10,000 or 12,000 acres
Hardin ditch.......... ..... 8 62.0 watered from Poadre, also from Upper Platte.
From Hardin ditch to Pat- Little irrigation — Hardin, Illinois and Corona
nam ditch............... ... 11 17.2 ditches.
From Putnam diteh to Fort - Putnnm ditch ; large part of Weldon Valley canal.
Morgan canal ............... 14 57.8
From Fort Morgan cansal to Most of Fort Morgan canal, remainder of Weldos
Platte & Beaver capal....... i1 46.6 Valley. Deuel & Snyder, and Pyott.
From Platte & Beaver canal to Part of Fort Morgan canal, Platte & Beaver canal.
Snyder ....... ... 14 49.9 most of Platte & Beaver supply.
5 1
F Snyder to Merino. ...... 18 55.4 [Some of P. & B. supply ditch & B., and For
rom =Ry ° Morgan canal ; most of South Platte diteh, all of
Edwards and Johnson Snyder, and Tetsel ditehes.
From Merino to Sterling...... 14 33.7 |Large part of Pawnee, Springdale ditches, and othr
Sterling ditches.
From Sterling to 11iff. ........ 9 17.7 |Remainder of the Sterling group.
From Iliff to Crook .......... 17 20.3 |The Iliff ditch.
From Crook to State line. ... 36 21.3 |Almost no irrigation.
Total gain............... 149 ' 298.7 I
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EFFECT OF IRRIGATION ON THE UPPER PORTIONS OF THE STREAM.

§55. A question which arises in connection with the applica-
tion of water and which has been warmly disputed, is as to the
effect on the lower stream of irrigation on the upper portions of a
stream. In the way in which land has been brought under culti-
vation, it has happened in most cases that lands along the lower
portions of the stream have been settled, while lands above have
iater been brought under cultivation. It follows then that these
latter lands will often see the water go by to supply those others
which were first improved. In some places it has been contended
that the application of water to the upper lands is an actual benefit
to the lower lands, and in some cases the contention has been parti-
ally granted.

It is evident that the water which returns to the stream returns
slowly. It returns sooner when the distance is short and the gravel
is coarse.  The volume of the stream fluctuates between wide Jim-
its, while the effect of passing through the ground is to even the
flow, and hold the water until later in the season. Usually the
streams are high early in the season, and in June have more water
than can be used; they are low in August. If thisretention by the
upper lands is such as to diminish the height in June and increase
the amount in August, the result is evidently a benefit. As the
effect of the subtraction of the water from the stream is immediate,
while the return isslow, the abstraction of water in low stages will be
felt more than the return from the seepage. Hence, for a portion of
the time at least, it seems that the use of water on the gravelly
plains of the upper parts of our streams will be a benefit to the
lower portions, irrespective of the date of their respective rights.
Just when the effect of the direct diversion is greater than that of
the return could be told by investigation in the particular cases, but
would manifestly vary according to the circumstances.

There has been a tacit. acknowledgment of benefit of irrigation
on the upper portions of the stream in some of the water districts of
this State in the fact that the upper ditches have been permitted to
withdraw water without interference from the Commissioners or
from the ditches with earlier rights. This has doubtless been partly
due to the fact that the amount used by them is small. But some
weight has been given to the claim that irrigation on the upper
grounds stored water which entered the river in other parts of the
year, when it was more useful to the lower ditches. The question
will doubtless arise in specific cases in this State and others. The
length of time during the season when such irrigation will not be
mjurious to the later rights, can be told by special gagings carried
on throughout the year, on the plan followed by Vigan.
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WILL THIS INVESTIGATION APPLY TO OTHER VALLEYS?

§56. In the valleys here measured irrigation has been prac.
ticed for thirty-five years; to a small extent on the bottoms for
twenty or twenty-five years, and extensively for fifteen years. In
the case of the Poudre, the lands are some of them twelve or fifteen
miles from the stream. On the Platte, they occupy a much nar-
rower strip. The conditions of the subsoil, the amount of water
applied, the dip of the impermeable stratum of clay or rocks, the
coarseness of the gravel, all affect the time and amount of the
return. But given time enough, it seems probable that these results
will apply closely to other valleys as well. A certain amount of
water is required by the crops for the purposes of growth. In round
numbers, 300 to 350 pounds of water is used for every single pound
of dry matter produced. On some soils it is possible by skillful irri-
gation to apply but little more than is required by the crop and
evaporated from the soil. Under such economy, there is little water
which can pass away by percolation. To the economical irrigation
induced by scanty and high-priced water is due the little or no
return water noticed in Southern California. This is also influenced
by the relatively smail acreage. The narrow strip of the lower Platte
and the more copious irrigation explain partially, if not entirely,
the larger amount returned to the stream per acre, while the remote
places of application on the lands of the tributaries of the Upper
Platte shows a reason why the inflow there is relatively less. These
may not completely explain the difference. Time, and added obser-
vations, will be needed to determine.

The same or similar phenomena have been observed to some
extent elsewhere.

« When the Ganges canal was constructed, the whole available
“cold season supply was taken from the river, yet at a distance of
“only a few miles the discharge in the river was found to be very
« considerable, and further on it increased to such an extent that the
“supply taken by the canal was found to be little missed.”*

§57. In Italy the effect of irrigation does not seem to have
been noticed in the rivers, but principally in the large number of
springs to which irrigation seems to give rise, and which are devel-
oped by digging in Lombardy and other provinces, and which the
geological conditions do not seem to be sufficient to account for. |}

The losses from canals is well known, and the damages cz?.used
to neighboring lands by the seepage is a fruitful source of suits at
law. In the contract of the Cavour canal with the Sesia Assoclas

—

*H. (. MocKinney, Irrigation in Upper India, paper before the Royal
Society, New South Wales, 1883. :

i Cagnassi, Irrigazione nella Provincia di Novara.
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tion, for instance, the association becomes responsible for all dam-
ages from this cause.

§58%. “I am inclined to think that the seepage is much
«greater and of more importance in Colorado than anywhere in
«(falifornia, for, while I know that such percolation does exist in
“various places in the irrigated districts, I cannot recall a single
“place where it takes place in any such volume as in your country.
“The Santa Ana river is affected by seepage from Riverside and
“San Bernardino valley, so that the volume of supply for the
“Anaheim and Orange canals below is rather increasing than
“diminishing, but the extent of this return is conjectural.” t

“Some years ago the people owning water rights along the
“lower parts of our mountain streams imagined that the use of the
“water by parties located some distance above them would seriously
“interfere with their water rights and prove very injurious to the
“land below. Experience has proved that this fear was groundless
“toa large extent. Indeed,itis now found that a large use of water
“in the early summer on the upper lands insures a more plentiful
“supply in late summer for the lower lands.” {

Hon. Geo. P. Marsh, for a long time our minister to Italy, in
The Eorth as Modified by Human Action, in commenting on the
results of Vigan (§59) states that it is generally estimated that from
oue-third to one-hialf of the water applied to the fields is absorbed
by the earth, and this, with deduction of the amount evaporated,
absorbed by vegetation, and entering into new organic compounds,
returns to the streams or descends to greater depths. In Colorado a
much smaller proportion of the water applied runsoff and a much
larger proportion is absorbed, as the system of wet meadows, or
mareite and rice irrigation, does not prevail in Colorado.  The
Ineasurements on the Poudre indicate that at least 30 per cent. of
the water taken from the river returns through the seepage. If
water is applied as freely until the seepage from the outer lands
reaches the river, the amount of return waters will be greater than
this amount.

OTHER INVESTIGATIONS.

§59. The phenomenon of return waters has been apparently
but little noticed and less written upon. It was the subject of an
wvestigation by the government engineers of France some thirty
years ago in the valley of the Tet,* in southeastern France, where
the question became important, as it is in some places in Colorado,
n the dispute between water users of the lower valleys and those of

—_

T Manuscript letter from J. D. Schuyler, Consulting Engineer, Los
Angeles, California.
Utal, I Extract from manuscript letter from President Geo. Q. Cannon, of
al.

* Vigan, Annales des Ponts et Chaussees, 1867.
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the upper portions of the stream. The earlier canals, some built hy
the Moors before 1000, A D., were taken out from the lower por-
tions of the stream, the later ditches near the head.

The lower canals desired to close the upper ones. The latter
claimed that the water that was applied by them in irrigation
returned to the river to a great extent, and thus had the effect of
making the stream more constant in its flow, and, therefore, was as
a whole advantageous for the lower users. During several years a
system of measurements was carried on at different places on the
stream and included all the water that came into the stream
through the smaller tributaries. Measurements were made daiiy by
the local officers. The valley is one the total length of which is
something like fifty or sixty miles, and the total area irrigated is
32,000 acres. The cultivation consists largely of wheat, beans,
alfalfa, meadows, and gardens, with small quantities of potatoes and
flax. A biennial rotation is practiced which dates from the Moors.
Grain is usually watered three times, once at the time of sowing, in
November. lrrigation is practiced throughout the whole season.
In the upper valley wheat is not watered. Beans are watcered from
the middle of July to the middle of September. From the data
obtained, M. Vigan reached the following conclusions: The return
waters are derived from all irrigated lands of the valley, varyiug
according to the crops, amount of water used in each season, thick-
ness of the soil, its composition, and the slope of the impermeable
layer. He concludes that, in the bottom lands, which form a bed
about a mile wide along the stream, and are abundantly watered,
from the first of March, that the return waters from this source are
sufficient to compensate for the losses caused by irrigation during
the createst part of the low water. Healso concludes that, in the atea
forming a strip two or three miles wide, with a very deep layer of
permeable soil, the return waters come to the surface only in some
places ; that the greatest part of the springs which are caused flow
unused in the subsoil and return frequently to the sea. On these
lands irrigation occasions considerable loss; hence he concludes
that, in case of an application for water right in the stream ~fOl‘
canals, or ditches, which are to be newly constructed, the concession
should be refused, except conditionally. In case water is lacking1d
the other canals, then the new ones should be closed. In geueral,
under the conditions existing in that vallev of the Tet, irrigation at
the upper portions of the stream with water taken at periods of high
water, is beneficial to the lower portions of the stream. The water
thus applied gradually returns to the stream in such quantity that the
stream is not so low as if the irrigation had not been pracblced.

Some of the measurements of the Poudre river have been given
in the Colorado Agricultural Experiment Station Report, 1891,
p- 45-50.
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Also see reports of the State Engineer of Colorado, 1885-6, p.
205-208 ; 1889-90, p. 559-570; 1891-92, p. 51-65; 1893-4, p. 176-
192. ,

In bulletin No. 38, of Utah Experiment Station, Prof. Fortier
has given some measurements for one year, showing the amount on
some Utah streams, and leading to essentially the same conclusions
as Vigan. Prof. Fortier’s study is a valuable contribution to the
subject. ’

: A discussion by Senator David Boyd of the applicability to the
Arkansas valley of conclusions from the Platte measurements,
cccupies part of a report of a special committee on the State Canal
No. 1, Tenth General Assembly, p. 40-49.

Inthe Annales des Ponts et Chaussees, 1883, p. 34-60, M. Bazaine
has a study on L'Influence des Irrigations sur ' Altitude d'une nappe
souterraine occasioned by the observations of the effect of irrigation
from the sewage of Paris on the ground water of the sewage farms
of Gennevilliers. It has little application to the present discussion,
except as it deduces the equation of the surface of the underground
water, which is parabolic.

CONCLUSIONS.

We may draw the following conclusions from the observations
and considerations shown. The facts are pregented in sufficient de-
tail to show the bases of these conclusions, or to enable independ-
ent conclusions to be reached, if the reader so desires:

1. There is a real increase in the |volume 'of the streams as
they pass through the irrigated sections.

2. There is no such increase in the streams as they pass
through the unirrigated sections. On the contrary, there is an act-
ual loss, even when the drainage of a large area enters.

5]

3. The increase is more as the irrigated area is greater.

4. The increase is approximately proportional to the irrigated
area, and it seems probable that with more intimate knowledge of
the amount of water applied and the features of the drainage, the
proportions would be found to be close.

5. The amount of the increase depends very slightly, if at
all, upon the rainfall, and, so far as it does, it is influenced princi-
pally by the rainfall on the irrigated lands. Only where the lands
are already saturated, is the rainfall sufficient to cause seepage.

6. There is no perceptible underflow from the side channels,
even where they drain several thousand square miles.

. 7. The inflow is practically the same throughout the year. It
B more in summer, less in winter, principally because of the effect
of the temperature of the soil.



62 SEEPAGE OR RETURN WATERS FROM IRRIGATION.

8. The passage of the seepage water through the soil is very
slow, so that it may take years for the seepage from the outlying
lands to reach the river.

9. The amount of seepage is slowly, but constantly, increas-
ing
o*

10. It may be expected to increase for some years to come.

11. An increased amount of land may be bought under cul-
tivation, with time, more especially on the lower portions of the
streams.

12. The seepage being nearly constant throughout the year,
while the needs are greatest in summer, the use of storage will best
utilize the water from inflow.

13.  The seepage from one thousand acres of irrigated land on
the Poudre river gives one cubic foot per second constant flow; on
the Upper Platte, one foot to about 430 acres; on the Lower Platte,
one foot to 250 acres. The difference is due mostly to the greater
distance for the seepage to reach the main stream, and to the time
and amount of water applied. '

14, One cubic foot per second of inflow is obtained on the Pou-
dre river for each 2,400 acre-feet applied, or the inflow is about cne-
third as much as the water applied.

15, On the Poudre river about 30 per cent. of the water
applied in irrigation returned to the river.

16. The use of water on the upper portions of a streamn, when
water is not immediately needed by prior appropriators, will
increase the flow of the stream late in summer and prevent such
low stages as it would have without this regulating action.

17. The seepage water is already an important factor in the
water supply for the agriculture of the State. The capital value of
the water thus received in the valley of the Cache a la Poudre alone
is not less than $300,000, and perhaps $500,000, and for the Platte
is from $2,000,000 to $3,000,000. It is large for the other streams,
but of unknown amount.

18. An actual loss is incurred in carrying a stream like the
Platte through sandy beds.

19. Ultimately, the returns from seepage will make the lower
portions of such valleys as the Platte more certain of water, and
probably enable a larger acreage to be grown.

20. The results here shown may be expected to ap.ply.wit.h
limitations to other valleys similarly situated, where irrigation 18
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as copious, crops the same in character, subsoil and rock strata of
much the same inclination. Where the soil is less pervious, a
greater time must elapse for these results to hold good.

21. Measurements are greatly needed in the Arkansas and
Rio Grande valleys, for the determination of facts which will soon
vecome of importance. In the Rio Grande, especially, because of
the claims made by Mexico that irrigation in Colorado is proving
an injury to her people and infringing privileges guaranteed them
by treaty. If the results of this investigation apply to the Rio
Grande, then any injury must be largely compensated by the return,
and the greater regularity in the flow produced in the river.
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field work, as noted in the detailed observations, and also in preparing
and checking the tables.

‘ Through oversight, credit was not given, on page 32, in a part
of the edition, to Mr. P. J. Preston, for Measurement No. 5, made
under direction of the State Engineer.

PRINTED FOB THE STATION
By Tue CourIkR PRINTING & PuUBLISHING CO.,
FORT COLLINS, COLO.
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