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ON THE LOSSES FROM CANALS
FROM FILTRATION OR SEEPAGE.

By L. G. CARPENTER.

The present bulletin 1s one of a series bearing on irriga-
tion questions, and while suggested by the conditions in
Colorado, it is not limited in its application to that State.
The author has kept steadily in view the fact that Colorado
has a limited supply of water and that the success of her
individual farmer, as well as heragricultural extent, depends
upon a clear understanding of the means of using water
properly, of saving useless losses, and of the prevention of
waste. While the author has believed that there are ques-
tions which might be more immediately useful to the indi-
vidual farmer, he 1s fully convinced from a study of the
development of other irrigated countries, that in the forma-
tive period of our development a more lasting benefit will
accrue to the agriculture of the State by considering certain
fundamental questions not so immediately applicable to in-
dividuals.

The present bulletin, however, has its immediate individ-
val application. It is to someextent complementary to bul-
letin 33, on seepage or return waters from irrigation. While
the earlier bulletin discussed the seepage or return waters
entering streams, the present bulletin considers the losses
from canals which, there is reason to think, is the principal
source of the gain in the streams. If the connection be-
tween the canals and the streams is an intimate one, we
may finally expect to find an approximate equality between
the losses from the canals and the gains in the streams.

~ But more suggestive, the measurements here reported
dive an idea of the extensive losses involved in the carriage
of water. The amount has been believed to be large, but
when it is found that the leakage may become as much as
20 or even 30 feet in depth per day, it suggests the import-
ance of taking steps to lessen the amount.

By stating the loss in the depths lost per day, a better
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idea can be obtained even by those familiar with the terms
of water computation.

The loss of water from canals and distributaries seems
to be greater than the loss from irrigation into the soil.
Many cases of leakage can be lessened with profit, thus
saving considerable water, and much more water can be
saved when its value is enough to warrant the expense.

While the author’s conclusions are necessarily influenced
by the cumulative effect of numerous observations difficult
to fully summarise, the measurements throwing light on the
subject under discussion, are presented with sufficient full-
ness to enable the reader to disagree with the writer if the

facts do not warrant his conclusions.

The loss from canals is known to be large, and often
produces a serious problem in their management. This loss
is often the cause of unnecessary scarcity in the water sup-
ply, especially at the lower end of the canal during the sea-
son when water is low. It has sometimes been enough to
cause canals or laterals to be abandoned. It has many times
led to failure of crops and has always made a material de-
crease in the water supply. The serious nature of the loss
has been understood by the farming community, and asso-
ciations have sometimes discussed methods by which it
might be lessened. But | am unaware of any serious at-
tempt to locate the loss or to determine the amount.

While we have made occasional measurements on the
losses from canals, the past year (1807 ), has been the first
when systematic measurements could be made. Without
attempting to develop the general law of the loss, the
measurements on a number of canals under ditferent condi-
tions are given with such conclusions as the data seem to
warrant. A knowledge of the facts is the first step toward
finding the remedy, or even to decide whether a remedy
need be sought.

It is hardly necessary to observe that the cases here
given are specific ones, and the losses found in these cases,
may or may not be the same on other canals. The simi-
larity of conditions, especially the similarity of the canal
bottom, gives a basis for judgment. In many cases the loss
is undoubtedly less, in others more. Hence the need of
caution in hastily assuming that these measurements apply
to all cases. So far as the canals chosen represent average
conditions, the measurements may be considered as aver-
ages. From these and from a larger numlcr of cases we
may hope to determine the probable losses and from more
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extensive investigations obtain principles which may be ap-
plicable under new conditions.

The canals measured include stretches of canals in the
Platte Valley and Cache a la Poudre valley near Fort Col-
lins, and several in the San Luis valley, and one canal on
which automatic records were kept for two years. The
method of measurement was essentially the same in all cases,
namely, to measure the amount flowing in the canal at dif-
ferent points, and then to compare the increase or decrease
in the amount of water in the canal after allowing for the
water taken out by laterals between the points of measure-
ment. The measurements show that many of the canals,
especially those deep in the ground, serve as drains during
a portion of the year or for a portion of their course. This
is often true where there are other canals on higher ground
whose seepage drains into the lower canal. Some canals
lose water in places and gain water in other places. We
have thus found some stretches where the results differ from
those anticipated. In some cases the loss from the canals
was found to be very large.

The results suggest that it is desirable for many of the
larger canals to determine their loss from seepage through-
out their length and thus determine whether unreasonable
losses take place in any portion. It is true that some sec-
tions are much more subject to loss than others, in fact that
much of the loss is apt to be in a comparatively short dis-
tance. \When such is the case it may be profitable for the
company to take steps to lessen the amount of loss.

The loss of water from canals has been considered an
incident necessary to the carriage of water. To a limited
extent this is true, but where the loss is more than moder-
ate, it may be considered as due to defective conditions, and
generally can be lessened. The loss from the canals is a
pure evil. [t lessens the amount of water available for use
and in so much lessens the productive power of the land un-
der the canal. In some cases 1t may be suthcient to cause
the damage or loss of crops. More than that, the seepage
is undesirable to the lands below the canal. In most cases
it 1s a positive injury, leading to the water-logging of tracts
of land, and frequently results in troublesome claims for
damage against the canal company.

METIIOD OF EXPRESSING THE 1OSS.
For the present I prefer to express the loss as the depth
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over the surface of the canal, lost in one day, rather than in
per cent. of the water in the canal. The losses from differ-
ent canals are then more easily compared, and cases of un-
reasonable loss sooner recognized. In ditch management
the tendency is to express the loss in per cent. in which case
the loss suggests nothing as to the economy of water. To
say, without other information, that a canal loses 235 per
cent., gives no indication whether the carriage is economi-
cal or not. In a long canal the managers could congratu-
late themselves that i1t 1s no more; 1n a short canal it might
be excessive and should set the othcers to determining the
location of the losses and to seek a remedy.

For those unaccustomed to this form of calculation, it is
convenient to remember that the amount of water given by
one cubic foot per second in 24 hours is enough to cover
two acres one foot in depth (correct within less than 1 per
cent.), and hence a daily loss of two feet over an acre would
require the constant flow of one cubic foot per second to
make good. The deeper the water in the canal the more
rapid 1s the leakage, but with our ignorance of the exact re-
lation we neglect the depth and consider only the surface
of the canal. In the table full data is given and if the con-
nection is subsequently determined, the data should be suth-
cient for the later investigations. It would doubtless be
better to consider the wetted area of the canal rather than
the width as a factor. As the canals are shallow and broad
it matters little whether the surface area of the canal or the
wetted area is used.

EVAPORATION RELATIVELY SMALL.

In considering the losses from canals, it 1s common to
consider the loss from seepage and evaporation together.
In most cases the evaporation is smail in comparison with
the loss from seepage. In ten years record of an evapora-
tion tank freely exposed to the sun and wind, at the State
Agricultural College, Tort Collins, Colorado, the annual
evaporation has averaged but 41 inches.*

The temperature of the water surface in the tank
is, however, lower than in many of the canals. As evapo-
ration increases with the temperature of the water, the
evaporation from some canals would be correspondingly

* Apnual reporte Colo. Agricultural Expe-inient Station, 1889 and 1890.
Monthly evaporation given in full, tuble 4, p 18, bulletin 45, on Losses from Res-
ervoirs.
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greater. Nevertheless, only on specially favorable days can
the evaporation from a canal surface amount to as much as
one-half inch for the twenty-four hours. But the loss from
seepage is rarely less than one foot and more often twice
that in the same time, hence the evaporation is relatively
small and may be left out of consideration in this connec-
tion without affecting our conclusions.

CANAL SEEPAGE IN TIIE CACHE A LA POUDRE VALLEY.

The Pleasant Valley and Lake Canal is an old canal
taking water from the south side of the Cache a la Poudre
river near the canon. It was originally built to supply lands
in Pleasant valley, a glade of several hundred acres formed
by the faulting and erosion of the rocks, principally the red
sandstone, between the Dakota sandstones and the primi-
tive rocks. The general course of the river is to the south-
cast; the canal sweeps to the south in a long curve, mount-
ing the first and second benches and skirting at places the
bluffs which form the edge of these benches. The ridge of
Dakota sandstone confining the river between chiffs on either
side, forces the canal back to the river, and its course al-
most overhangs the bed of the river. Through this ridge
the canal is through and over the rock on a steep grade
with some tunnels. The bank is often rockwork, with some
soil. After passing this ridge the canal bends abruptly
south, leaving the river at a large angle, and skirts the toot
of the hog-backs formed of the ridge of resisting Dakota
sandstone. It is thus the highest ditch on the south side of
the river and like such ditches, is known locally as the
“Highline.” There is no irrigation of any extent above the
canal. In several places a few acres are watered from res-
ervotrs filled from small mountain streams. There can be
no seepage into the canal except as furnished by the natural
rains. The drainage of about 35 square miles is cut by the
canal, but except in or after storms there are no surface
streams. There are several small streams above the line of
the ditch, but all disappear before reaching the line of the
canal. Plum thickets show that spring waters appear
near the surface in many places. The observers passed on
foot along the bank of the ditch and thus could not mis
any of the lateral headgates. :

The conditions were favorable for loss by seepage.
Much of the soil is of coarse gravel and sand, and the canal
skirts the edge of the benches, across sandstone ridges with
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the strata exposed and with a decided dip offering an easy
course for descending waters.

The measurement showed a loss in 7 miles of over 15
cu. ft. per second; or, starting from the river with 22.00 cu.
ft. a little over 2 cubic feet being withdrawn by lateral
ditches, there were left but 4.54 cu. ft. or there was a loss of
a little over 15 cu. ft. per second.

In the portion outside of the foothills occasional gains
were found. In most cases the gains were found to be asso-
ciated with drainage areas of some extent. The soil is
largely disintegrated granite, coarse and porous, and ab-

sorbs rain very readily.
TABLE I a.

PLEASANT VALLEY AND LAKE CANAL.
Measurements made by R. E. Trimble and J. C. Mulder.

g .-
@«
& g | =2
<3 4 - . =
=g Date and Hour. Place of Measure + @ e ;i Notes.
— ment. g £ o g
58 = H
5 2 b=} 2 o
3 g =] = Z
z < o ® =]
1897 —
1 [Oct. 23, 9:20-° 50 a. m.|Capal pear headgate 22 09
1020 a. m. Lateral 0.18 ravelly and sandy;
2 v Canal (pear Capt. near river.
Post's upper place)| 17.23 -4.701 1.30
o= 140 u. m, |4 Laterals .69
3 *11:50-12 m. tlanal {point of bluff]
below school house) | 10.64 -5.900 1.31 ¢ ¢ o e
‘o 6 Laterals .02
4 *1:20-1:55 p. m. |Canal at road crossing| 7.85 -2.770 230 1West  of  Bellevue,
10 Laterals 1.51 clayey sand.
5 ' 3:0p.m. (lanal (near C, E. Pen.
nock’s) 7.17 1-0.83] 1.45 {Crosses several lines
Lateral 0 of drainage.
6 4 3:55-4:00 p. m. [Canal (50 ft. below 1st
tunnei) 6.20 -0.88] .82 |Stratified elope:
Lateral 0 rocks inclining.
7 4 4:30-4:35 pom. [Canal (200 yds. above
2nd tannel) 5.63 -0.64; .72 o o "
8 ** 4:05-5:00 p. m. {Uanal (at end of rock
work on Bingtiam hill}} 6. 41 40.78] .50 {Crosses some of the
Lateral 0 glades of ridge.
9 “*5:20-5:30 p. m. |Canal (rear Claymore .
lake) 454 -1.871 .30 {Along outer side
a 30,8:30-8:40 a. m. [Atsame place 17.98 ridge near jonet’n
- 2 Laterals Trace of earth and rock.
10 20-9:30 a. . [{Canal (west of Mich-
aud’s) 19.07 +1.09) 1.04 [In excavation.
— 7 Laterals 1.19
i1 1055 11:10 a.m.jCanal (west of Pren- i .
dergast's) 16 53 -1.353] 2.50 [Crosses ridge of
v 2 Latera s 1.16 sandstone.
12 O1L0-1156 aan.Canal (west of ceme- .
tery) 13.57 -1.80; 1.41 |Aloug side hil’, mod-
Y- -2 Laterals 0.15 erate slope.
13 “O15-1:25 poom, | anal (west of Loom-
is’ farm) 13 42 0 | 1.94 |Some geepage shos-
- 5 Laterals 65.19 ing below aiteh.
14 Y235 2:5 poom. |Capal (west of B. B. 1 L.
- Harris® farm) 11.73 -+4.50! 2.55 [Some land irrigated
N 3 Laterals 0.15 ‘ above ditch [rom
15 Y 3:45-3:55 poom. [Capnal (west of Rugh Dixon cauon.
Farm) 13 12 -+-1.45; 1.75 {Crosses some lines
- 11 Laterals 2.82 i of drainage.
15 0 5:25-5:30 p.om . {Canal (west of Cuon i
ninghams) Q.95 1 -0.25] 2.64 {More gravelly, some
{ irrigated land ahov®
I ditch from Spriog
canon. .
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Measurements by R. E. Trimble and J. D. Stannard.

1898—
12 [April 23, 8:55 a. m. Canal west of Ceme- 10:10 a. m. at starting
tary 17.26 point, no change
2 Laterals 1.25 noticed.
0 9:45-9:57 a. m. Canal near west end of
bend about !4 mile. | 17.56 +1.55
13 | * 10:25-10:38 a. m. [Canal west of Loomis’
farm 17.97 +0.41[ 1.94 [At 2:00 p. m. the wa-
8 Laterals 6 62 ter had fallen 3% in.
14 t12:02-12:12 Canal west of B. B .
Harrig’ farm 12 67 +1.32| 2.55 {Water fallen 14 inch
0 2:30-2:41 p. m. At same place 11.64 since nOon.
6 Laterals 0.61 Water had fallen 2
151 3:40-350 p. m. Canal west of Rugh inches by 4:25 p.m.
farm 8.53 -2.55| 1.75 {Water had fallen %
10 Laterals 3.31 inch by 6:10 p. m.
16 | * 5:38-5:45 p. m. Canal west of Cun.
ningham's 5.91 +0.649) 2.64
TABLE I b.
PLEASANT VALLEY AND LAKE CANAL.
. n . Equiva-
Place of | Temp, Area of Averag> | Greatest | Sarface Gain or | Distance lent depth
Measure- of Scction. | Depth in | Depth in | Width- fioss. in of 'Loss
ment. Water. | 8q. Feet. Feet. Feet. Feet. Sec. Feet.| DMiles. in ft.
i 42°.7 21.93 1.34 1.72 5.9 |l ... 0 .
2 43°.9 18.74 40 1.28 18.4 -1.70 1.30 -4.7
3 4475 7.20 .64 0.81 11.2 ~5.490 1.31 3.1
4 48 7.26 .63 0.87 1.5 -2.7 2.39 -1.17
5 48" 4.8y 54 0.75 9.0 =4-0.680 1.45 —+0.7
6 48° 3.43 A4 0 65 8.8 -4.71 82 -1.6
1 48" 3.63 it 0.72 7.4 -U 64 72 0.4
8 48" 4.90 .65 0,97 ) +0.76 50 -+1.7
9 47°.5 12.63 1.08 1.59 11.6 -1.37 .30 -3.2
9 39° 18.40 1 36 2.07 13.5 [} ... .. : o
10 3975 13.71 N2 0 79 21.5 4109 1.04
11 41 14 40 1.00 1.27 14.3 -1.3% 2.50
12 42° 12.56 it 1.12 16.3 -1 80 141
13 44° 13.73 84 1.10 15.3 0 1.94
14 4472 12.40 Ri 1.42 14.8 —+£.50 2.55
15 445 11.01 17 1.02 4.4 +1.45 1.95
| 1 9.48 1.00 1.45 10.0 -0.25 264
12 ) 15.45 113 1.39 3.7 0
13 .8 13.60 1.07 1.35 2.7 -H1.55
13 0 13.92 47 1.26 4 -0 41 1.94
14 "0 12.24 84 1.25 6 +1.32 2.55
14 *.0 11484 J79 1.34 ST
15 8 9.11 .67 0.88 3.5 -2.55 175
16 .0 5.40 .62 1.01 5 | -+0.69 2.64
SEETPAGE FROM CANALS IN THE SAN LUIS VALLEY.

the measurements are given in the following tables.

Measurements were made to determine the loss by
seepage and absorption on a number of canals and on later-
als, approaching canals in size, in the San Luis valley, and

These

include measurements of the losses on the Empire canal, on
the Blackmore or Fisk Ditch, on the Prairie Ditch, on a
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branch of the Rio Grande canal, known as the North Farm
lateral or ditch, and on other laterals of the company known
as the 1F and 1 C laterals.

~ The conditions in the San Luis valley are somewhat
d@fferent from those in most places of the state, but the con-
ditions causing the loss or gain by canals are necessarily the
same.

- The San Luis valley is one of great extent—nearly the
size of Connecticut. In Geological times it was the bed of
a lake. Its surface is of very uniform and moderate slope,
so that canals often pass for long distances in straight lines.
The Prairie Ditch, for example extends nearly twenty-six
miles on a straight line without turn or bend. The fall of
the country is moderate, though large for canal purposes.
It decreases from about fourteen feet per mile near the rim
east and west, to half as much as the center of the valley is
reached. /\ map of the valley showing these contour lines
has been prepared and will be published in connection with
a bulletin giving further results of investigations in the
valley. .

A large part of the valley is irrigated by sub-irrigation
which consists in filling the sub-soil by water from the ca-
nals and laterals. The slope of the land is so uniform and
gentle that the water does not find low places in which to
appear in the form of seepage as in an undulating region.

The general process of irrigation in these regions is to
run water mto the laterals and allow it to soak away, and by
so doing fll the sub-soil until the water is at a moderate
distance from the surface, about eighteen inches being de-
sired during the growing period of the grain crops. The
soil of the valley is very deep, but is everywhere underlaid
with coarse gravel which becomes finer as the distance from
the mountains increases. Most of the ditches are excavated
into this gravel.

The irrigated region includes most of the valley east of
what is known as the “Gun-barrel road”—which extends di-
rectly north from Monte Vista—and the tract in which sub-
irrigation shows, includes a portion of thisregion. In places
irrigation extends west of the road. It may be expected
that as long as the surface of the underground water is be-
low the bottom of the canal there will be loss of water by
seepage. Where the ground water rises above the bottom
the canal may then actas a drain and carry away a portion
of the ground water, and the canal is thus found to increase
in volume by seepage.

Circumstances prevented making as extensive measure-
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ments of canals as desired, but a distance of some forty
miles has been measured, which is sufficient to reveal the
extent of the losses and some of the conditions.

The Empire canal is one of the largest canals taken
from the Rio Grande river. It heads on the south side some
miles east of Monte Vista. It is cut rather deeply in the
plain. In the first five miles there is found a gain of six-
cubic feet per second.

The Blackmore ditch is a small ditch on the north side
of the river, heading nearly opposite the town of Monte
Vista and extending east. It starts above the region that is
showing sub-irrigation and for a portion of its length its
channel is a little above the plain. It was found to lose
nearly four cubic feet per second in two miles.

The Prairie ditch was measured for some miles from its
headgate directly east. The change in volume seems to be
irregular, there being a gain of 1.2 feet in three miles,
passing across the river bottom, then a loss of 1.80 feet in
one and one-half miles through a gravelly soil; then as it
strikes the region that is more or less sub-irrigated, a gain
of a little over two feet in the first two miles and a gain of a
little over a foot in the next two miles. The last mile meas-
ured showed a loss of nearly two cubic feet per second.

The North Farm lateral is a branch of the Rio Grande
canal. The Rio Grande canal takes water {rom the Rio
Grande river near Del Norte and with a northeast course
runs almost at right angles to the river to Saguache, forty-
five miles northeast. The North Farm lateral passes nearly
parallel to the river. Its course is through the gravelly soil
and the excavation extends into the boulder gravel for most
of the length measured. Mile posts are placed along the
ditches belonging to the company, so that distances could
conveniently be told. The first measurement was made at
the second mile post from the main canal and then at each
subsequent mile post along the line of the lateral. Two
measurements were made at different times, on July 6th and
August 3rd. At the first date the amount of water in the
lateral was nearly twice as great as at the last date, and the
loss of water was found to be about twice 2s much. The
measurement was carried on until the canal reached the
border of the sub-irrigated region.

Laterals 1 F and 1C, which were measured, are branches
of the same system.

A measurement was made on the loss of water from the
Blacksnore ditch early in May, in a stretch east of the “Gun-
barrel road” and included in the measurement otherwise re-
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ported. The amount of water in the lateral was measured
by floats at two points nearly one-half mile apart. The dis-
charges were found to be 2.85 and 2.43 cu. ft. per second
1n two places, or a loss of .93 cu. ft. per sec. per mile of ditch,
or equivalent to a depth of 3.72 feet over the surface of the
ditch. If the gravel consists of one-third voids this would
be'lequivalent to a velocity of 12 feet per day through the
soil.
TABLE Il a.
LATERAL 1C RIO GRANDE CANAL SYSTEM.

Measurement by R. E. Trimble.

Amount | 5 +ioq. i Gain or | Distance
Date and Hour. Place of Measurement. |Measured Sec, Feet, Loss. in
Sec. Feet. * *||8ec. Feet.| Miles.

(3% miles ...l
4th mile post.
th mile post.
th mile post. .
.|Lateral 100 ya w
. - |Lateral 14 mile below 6-m...

¢ 230245 p.m...... At 7th mile post. ..

4
4
« 3
3

‘v

s

“

PRAIRIE CANAL.

1897 —

Jq}y ‘13, 3:20 p, m Ne' r Lieadgate .

ke . Small diteh ....... ..., .
M 20pom L. 1'5 mi. west Gun
o

o ...| Lateral......

“

14, 8:220 a.

. .. .{At Gunbarrel road . volas | .
ot 910 a, {North of North Farin....... 31.39 P +2 14 2.
oo 3 Laterals ................. 2.81 [PUUUINN R
tt10:25 a. { miles east. ............... 2062 §.0 L. +1.04 2.
1L A, 5 miles east. ........... ... .. 27.80 | ...l ~-1.80 1.
TABLE II b.
LATERAL 1C RIO GRANDE CANAL SYSTEM.
T rors \ oates ) 2P X (Jori‘_e—n-_
Date and Hoar. T‘s'\’/n Itje of é&‘;’ﬁ(ﬁ ‘})‘;;gﬁ;e (;B:S{-E?t S\r\l}:(‘;?ﬁ? Gﬁtﬁa:)r ;L‘;&?ﬁiﬁ Sgn\({:n:ff
ater. 19q. Feet.| Feet. Feet. Feet. || Sec. Ft. 1 ks,
70° 8 10.48 .55 0.89 5. | B L
723 9.3 59 0.90 16. F2.38 05 X195
Th7 .4 6,04 13 1.10 9.5 -3 51 1.0 -2.83
78°.0 8,46 JTa 1.04 12. -2.60 1.0 -3.60
&L.0 10.04 Lo¥ 1.32 11.3 +0.35 L.0 .48
\
PRAIRIE CANAL.
o |
July 13,3:20 p. m. 33 30 1.38 170 27.7 0 e
oM 420 pom.|. 17 42 BT 1.40 2t 313 +-.85
o pom... 14.60 98 1.28 20 15 -.86
14, 8:20 a0 m. 18.32 .92 1.20 20 ..
ot 00 a, m. 14.20 42 0.80 23 2 +.79
* 1025 a. m. 12.30 A7 0.63 2L.8 2 +.38
" 11:00 a4, m. 15.12 A7 0.65 26 1 -1.24
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TABLE IIia.
NORTH FARM LATERAL.
First and Second Measurements.
Gain | Dis- Gain
D%tg;;‘]d t}m’t toa‘]];é' L?);s tai.rlxlce Place of Measurement. Datglﬁz’:d Amt (t):?];,; ngg
o I Miles N
iTln(I)(y) 5 1897 .|150 feet above mile pest 2%.... A[:Ig.'

530 p,m....

11th mile post

North branch.............. ...
South '* near 4th mile post
5th mile post
6th mile post.............
7th mile post.............
Lateral.................
Ath mile post.
9th mile post..
Late}'al about

Late‘ral 2q0 yarfis below

* Bottom of boulder gravel,
size of man's fist.
Gage height .13

14 mile below | ..
ar e

fogi
SO

T i B e Dreh
OO D
ToTTOe

TABLE IITb.

NORTH FARM LATERAL.

First Measurement.

(By R. E. Trimble and J. D. Stannard.)

Area of | Average | Greatest | Surface || Gain or | Distance] L'0TTe8-
Date and Hour. T%é’;fér‘)f Section. [Depth in|Depth in{Width in{| Loss. in Ix))onﬁ;ngf
T 18q. Feet.| Feot. Feet. Feet. || Sec. Ft, | Miles. i%ss ©
69.16 1.47 2.00 L YU | I PR
34.55 1.1¢ 1.65 29. —+9.41 2. +2.04
86.70 0.92 1.40 40. +0.63 1. +.3
85.15 1.40 1.90 25. - 6.90 1. -3.0
81.380 1.30 1.70 24. ~14.28 1. -9.6
23.15 0.93 1.20 25, -+9.06 1. +6.1
25.02 1.82 1.85 19. -10.88 1. -8.1
11.95 0.80 1.25 15. —+0.80 1. +.3
12.95 1.44 1.10 9. +0.06 1. +.08
Average ........ | e 1.200 ... 26, ol
Total 1088. ...ooofeeeenn]oiiiiccdo i il o e P25 T R P e
Second Measurement — By R. E. Trimble.
Ang. 8, 1897.— I
10:10a. m...... 62°.9 88.56 1.12 1.9 80,0 L.l
11:00a. m.. 684°.0 20.64 0.94 1.85 22.0 +3.58 2 +.62
11:830a. m...... 85°.2 21.97 1.04 1.41 21.2 ~1.15 1 -.88
12:56 p. m.. 87°.3 22 .54 0.¢8 1.26 28.0 -2.84 1 -2.1
180 p.m...... 710 | 2628 | 091 (75 223 it} i 32
2:00p. m...... 70°.2 14.68 .87 0.89 22.0 +3.80 1 +2.85
2:36 p. m.. 71°.8 15.78 0.94 1.28 16.7 -1.86 1 -1.6
3:20p.m...... 72°.8 9.36 0.67 1.08 4.0 -1.15 1 -1.2
420p m...... 72°.0 11,06 0.74 .95 15.0 -1.23 1 -1.4
Average..........0....coenns 18.86 0.88 20,7 ... ... TR P
Total Josa.......0......... b ..ol N LR EETREEE P -5.28 9
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TABLE IV a.
EMPIRE CANAL.

FROM CANALS BY SEEPAGE.

Measurement by R.E Trimble and R. D. Blakey.

Date and Hour. Place of Measurement. Amount | Outtake Lé’;fu(?r Distance.
1897 —

June 1,240 p. m .... Athead ................ .| 12899 |... ...

e e e Davis Jateral..... .. . 10 1.90

...... Davis No. 2................ 0
Metzger No.1............. 0
Metzger No,2 A 0

.. . Metzger No. 3 . L 3.12

June 11,485 p.m........... Above Loveland lateral. ...| ‘13597 | .00 .

BLACKMORE DITCH.
June 17, 2:40 p. m Atbridge.................... .54 |l
June 17, — m.. At dateral ... ... i
.|South of North Farm . 78

D.
June 17, 380p

m..
lav

. .. At bridge..

4 mile east by foats ..

LATERAL 1F.

Aug, 4, 10 30a Mo Athead................. ...
. 1215 miles from G. B.road. ..

Lateral ....................

At mite. I

Near Gunbarrel road . .. ...

Lateral.“....

2% m...

TABLE IV b.
EMPIRE CANAL.

Corres-
Average | Maximaum Gain or |ponding
Date and Hoar. Temp. } Area. D.pth, Depth. Breadth. ( Toss. Depth in
eot.
1897 — I
June 11,240 pm|............ 9.8 1.82 2.41 44
43Bpm|............ 1.40 1.70 50 +16.00 +1.1
BLACKMORE DITCH.
June 17, 240p. m|........ ... 10.35 ! R 1.21 I 1.0 |, ‘ ..........
“ 3:80p.m|............ g 4.61 ’ .62 .84 i 7.4 -3.60 I ~7.2
LATERAL 1F, RIO GRANDE CANAL SYSTEM.
Aug. 4, 1030 8. m| 67°.2 6.24 0.48 0.50 13.
o8 10:10 2. m 67° 6.30 0.63 0.86 10, -1.64 -.95
9:25 A, m 65° 5.93 0.68 0.99 9. -.04 -.05
m 63°.2 4.20 0.54 0.76 7.8 +1.24 +2.4

9:00 a.
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OTHER CASES.

The loss on a section of the Fort Morgan canal given
in table V,is the loss in a section between the headgate and
Bijou creek, some ten miles down the line of the canal, and
about four miles from Fort Morgan.

The canal is on the south slope of the Platte valley and
for much of the way is a loose sandy soil. It is in partial
excavation and with an embankment on the lower or north-
ern side.

The loss 1n this canal amounted to twenty cubic feet per
second in 1895 in a distance of 7.4 miles In 1896 the upper
measurement was made nearly two miles further up the
canal, and the lower measurement at the same place as in
1895. The loss amounted to 23.11 cu. ft. per second.

These measures are referred to later, as they afford a
basis for seeing the effect of slightly silting the canal.
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In the case of the ditch of the City of IFort Collins, car-
rying water from the Cache a la Poudre river to the city
water works, a distance of 4100 feet, the ditch lost 4.34 cu.
ft. per sec., equivalent to a loss of 5.7 feet in depth per day.
The ditch runs through the bottoms and along the side of a
hill rising some 20 feet above the bottom lands below. Im-
mediately above the city ditch, as near the slope as the em-
bankment will permit, is another canal, the New Mercer
ditch, which, at the time of measurement, was dry. The
Pleasant Valley and Lake canal is still higher, over one-half
mile distant, but the seepage from this canal is carried in
another direction by the local configuration of the country.

The loss from canals has not been extensively studied
and there seem few instances available where the results of
measurements are given. In bulletin 33 several cases are
referred to.

MISCELLANEOUS OBSERVATIONS.

The following cases are derived from other observers:

On the Muzza canal, Italy, the loss is equivalent to a
depth of 1.7 feet in 24 hours.* The canal is the first built
near Milan solely for irrigation purposes, the other large
canals including navigation as an object in their construc-
tion. The Muzza has a heavy fall, giving the current too
large velocity for navigation. The canal carries several
thousand cubic feet of water per second, and under condi-
tions as seen by the writer in 1892, that would seem favora-
ble to percolation, so that the reported loss seems small.

The Naviglio Grande loses 10 inches daily in depth.
This canal was built over 700 years ago, about the same time
as the Muzza. The canal Martesana loses 1.5 feet daily.*

The Centreville and Kingsburg canals, California, in a
stretch of six miles lost a depth of 6 feet per day. The King
river and Fresno canal lost in different portions depths of
1.5 feet, 1.7 and .6 feet.

Portions of the Fresno canal lost depths of 2.8 feet, .25
ft. and .4 ft. in depth, and some laterals from 1.2 to 6.4 feet.}

In the case of several canals in Kern county, Cali-
fornia, the loss was found to be from .39 to 2.6 feet in
depth in 24 hours, ranging from 1 to 2 feet in sandy soils and
averaging 1.6 feet; in sandy loam and firm, compact alluvial
soil, from .39 to 1.30 feet averaging .87 feet in depth.}

* Baird Smith, Italian Irrigation.
2 1TOn authority of C. E. Grunsky, C. E. of San Francisco, given in Bulletin

I Report Cal State Ingineer, 1880, App. B. by J. D Schuyler p. 92  The
results ara changed to depths by the writer. ]



18 LOSSES FROM CANALS BY SEEPAGE.

Mr. ]J. Keelhoff made some experiments on the absorp-
tion of small ditches.*

From the facts given by him, we find that the loss in
the sandy soil of the Campine from irrigauon ditches, 10
inches wide with water 11 inches deep, was over 10 feet in
depth in 24 hours; but when the depth of water in the ditch
was but two 1. ches, the loss was reduced to six feet per day.
In the distributing laterals, 10 inches deep and two feet
wide, the loss was over four feet in depth per day. In the
principal lateral, with water 2 feet decep and 8 feet wide, the
loss was over 2 feet per day. One reason for less loss in
the last case, though the water was deeper, is that the bot-
tom remains undisturbed from year to year. At the time
of the test the silt had not been removed for four years.
The other ditches were cleaned annually, thus giving a
raw surface for the water to pass through.

Geo. W. Rafter, C. E. in a report on the water supply
of the W stern division of the Erie canalt refers to a
number of determinations of the losses from seepage and
evaporation on stretches ot that canal.

On a section of 18 miles near Schenectady through an
alluvial soil containing alarge proportion of vegetable matter,
and leaky in places, the loss as measured by J. B. Jervis in
1824, was 2 cu. ft. per second per mile. The canal was 28
fect wide on bottom, 40 feet wide on top and 4 feet deep.
This 1s equivalent to a loss in depth of 10 inches in 24 hours
over the whole surface.

Mr. David S. Bates in 1323 concluded that a mile of new
canal, such as the Erie then was near Brockport, would re-
quire 1% cu. ft. per sec. per mile. This included evapora-
tion. The dimensions of the canal are presumably the same
as the above, in which case the loss would be equivalent to
Sinches in depth per day. On the Chenango canal in Aug.
1839, the amount was found to be 1.09 second feet per mile,
corresponding to a depth of 6 inches in 24 hours.

On the Erie canal near Wayneport, in 1841, in a dis-
tance of S miles, when the soil was open and porous, the
loss was 1.8 cu. ft. per second per mile; on the Clyde level,
a length of 28 miles, with more retentive soil, the loss per
mile was only .6 cubic feet per second. These correspond
to depths of g inches and 3 inches per day respectively.

In comparing with the results found on irrigation ca-
nals, it should be remembered that the conditions on the

*Traite Pratique de I'Irrigation des Prairies. 2d ed.
+ Report of the State Engineer and Surveyor of N. Y., 1896.
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Erie canal are more favorable to small losses than are those
of irrigation canals. The Erie canal is in a more humid
climate, with a rainfall about 2% times as great as that of
Colorado and this tends to keep the water table nearer the
surface and thus lessen the percolation. More than that,
the Erie canal in this stretch is almost level (3 ft. fall in 60
miles) and the slow movement of the water is favorable to
silt deposition. The irrigation canals have falls ranging
from 2 ft. upward per mile, and the beds are scoured by the
running water.

Mr. Walter James, who has been for many years the
engineer of the canals in Kern county, California, writes*
that their experience shows that they deliver 70 per cent
of the water turned in at the head of the canals at the late-
ral side gates, measurements sometimes being made from
one to three miles from the main ditch at the lands where
the water is used. There is one point on the Calloway
canal where there is a loss of 75 cu. ft. per sec. in a distance
of half a mile.}

The canals referred to by Mr. James are from 6 to 25
miles in length, and from two to three feet in depth. In
their experience they find that an allowance of 2 per cent.
per mile of main canal approximates fairly well to the
loss to be counted upon.

On the Carpentras canal of Vaucluse in France, taking
water from the Durance, the loss was found to be great,
though the waters of the Durance are thick with mud ordi-
narily. The canal passes along the flank of calcareous
slopes. The soil is generally thin. The banks were walled
and the canal paved in many places. After these remedies,
the loss 1s still considered to be about 30 per cent of the
amount taken by the canal.}

The canal carries 210 cu. ft. per second. The loss cor-
responds to a depth of 1.2 feet over the length of the canal,
which is qo miles.

The Marseilles canal in Southern France, which had
cost $9,000,000 up to 1878, at first lost about 20 per cent., not-
withstanding that the water supplying the canal is excep-
tionally muddy, so much so that i1t was necessary to buila
settling basins at considerable cost. The loss was reduced
to 10 per cent. by works protecting the banks, made ata

*June 13, 1898.
T This is equivalent to a daily loss of 30 feet in depth.
I Salvador, Hydraulique Agricole, (1898) 2:492,
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cost of $400,000.¥ The loss under these favorable circum-
stances still amounts to about 5 inches in depth per day.

Where the Cavour canal crossed the valley of the Dora
river it was confined by artificial banks and the losses at
first were found to be enormous, being not less than 210 cu.
ft. per sec. 1in a distance of but little over one mile.t This
corresponds to a depth of 20 feet per day over the entire
width of the canal.

This great loss was remedied by using sand in the bot-
tom, using water made muddy with clay, and lime water,
and after repeating the application several times the losses
were found to be much less. After continuing the applica-
tion for a couple of months, keeping the water stagnant to
allow the material to settle, the losses were very much re-
duced.

CONTINUOUS RECORDS.

For two yearsaself recording nilometer was maintained
on a ditch four miles long, belonging to the North Poudre
Land and Canal company. The lateral had no outlets for
that distance. Weirs were placed at the upper end near
the reservoir from which the water was drawn, and also
near the lower end about four miles from the reservoir. No
water was used at intermediate places. The record was
made to ascertain the loss there might be from seepage and
evaporation during the time. The lateral is built in a soil
mostly of clay, which does not wash unless the velocity is
considerable. The seepage was not expected to be great
because of the character of the soil. Two weirs were put in
place and instruments were put in place at the side of the
ditch, with floats so arranged that as the water rose or
fell a pen rose or fell on the paper correspondingly. The
clockworks would run a week without rewinding. At the
end of each week the instruments were visited, the clock re-
wound, the papers changed, and check readings of the
height of water over the weirs taken.

After the instruments were in service it was found that
about ten acres of ground was supplied from the lateral
above the lower weir. The cases when water was drawn
for this tract are eliminated from the table, but the condi-
tions were not entirely satisfactory, and, as the funds to
meet the small expense of removing the weir above this lat-
eral were not available for the department at that time, the
measurement was dropped. A ditch in the southern part

# Salvador, Hydraulique Agricole. 2:42,
+ Herrisson, Les Irrigations de la Vallee du Po. p. 77.
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of the state, 40 miles in length without an outlet, has been
put at our service and records are to be made on it, giving,
it is hoped, information on a more extensive scale.

The line and profile of the canal is shown in the figure.

PROFILE.

LATERAL OF RES. No3.
NORTH POUDRE CANAL.

TON RESK .
T8N RE8W
$ec 6 o5
e
Sec7 ' $ec8
\

For the first mile the canal had a fall of 5.4 feet, in the
econd mile 4.8 feet, in the third mile 5.8 feet and in the last
nile 34 feet. The reason for this rapid increase of grade
5, that for the first three miles the ditch skirts the side
fa divide, while a short distance after passing the third
lle post it reaches the ridge of the divide and descends
rith the slope of the country which is quite abrupt.

The soil through which the canal runs may be termed a
eavy clay. Where the water is rapid, as during the last
iile, the sides of the channel become smooth with the
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action of the water and comparatively little washing takes
place. In the course of years, however, the washmg 1s suf-
ficient to deepen the channel several feet below the sur-
rounding country. As the water comes from a reservoir, it
1s clear except for the turbidity due to a slight amount of
organic matter. The water retains its clearness for the
greater length of the canal, but at the lower end contains
some sediment from the scour of the channel. The soil is
probably underlaid with sand and gravel at a depth of § or
10 feet—true of most of the surrounding countrv—but no
opportunity to test was atforded along this line.

For the first three miles the seepage would be to the
west; for the remainder of the distance it might take place
both to the right and left of the channel. Some seepage
showed near the northeast corner of section 8 where an
area of a few acres gave evidence of water-logging. Be-
cause of the sand carried by the rapid fall at the lower end,
the space in front of the lower weir is filled with sediment.
This increases the discharge by increasing the velocity of
approach. Near the lower end of the canal a small lateral
irrigating about 10 acres of land conveyed water to the
north. When water was running in this lateral notes were
taken and this time was not taken into account.



“Apuod ©, ainyg

“Spuod Leed ud ut g u
uld fpuon Laded

R URG PIJRIDINS WL UTHY)

“w b an Spuopo Apaed g, utey
‘urcd ur Spnon Seg

sweed Spoog)
ApROD “ut el aey
“Lup e ,:.4::_0 .:t:n_
Tuetd at Spuoo Suug

“Sprop fpad-y

“fpao(o fawd agr
wewgdeyy fpnop spaed o,

TULTB I 40 Spuod ) ay

"

RTINS ENT ST TR oI
TAPUO[Y daiyey

" " v
~fyp JO oW emNaNg
N PRI EITFTT
D T "
*ARp JO Jsow
mp e LLagoa
“Aep (¥ “ i
“fwp [[e {[irau oanvung

" .

"won "
R "

*Ayp |8 auusang
“fwp ([8 S[avud 9UL jRUNYy
LUp ([ wiIysaN;
wed } AULYsUuR

e Do

1°R9
84
aTL
[
'Ly
8L
AR
98y

Fox o
AL &
LOR @
518 3

Dt D DAL M D= I

-+ -2

e

w

©

o2 -n

2
o

20RO O K 00T = =
~
[
L e T

mmm

NRE B L o
e m D

R m T 10 0 D 150
R XK O (e i G D e

CRAHLYT M NO SHLON

[CRE) D)
e

L prunyy
T AV

‘XE{ |9YBIoAY

‘13mory | cdedd(y

“yamory | cxadd

889[[0,) v
armpIdway, 1y

CAIO A JOAQ)
AOT WOWIUT]

AT 1940
MOT T HIOWITRTY

S
~

) -
CEX =W 'Y e
'_‘7':(:"9'
RE

wmend

o
o

=

HNOONANDCTRHDOIAD =
w
EN]

0480
1od
¥30rT

L
11

YR
ET
Jod
80
Ay

gL'e
8.3
24’8
6’1
LL'g
687y
L's
Y
$6°G
'Y
LLo
4 0r'g 54
§ [ i
€ s €2
€ €L'8 24
‘eun g
‘F68T
(4]
T 62
‘1 82
0 ‘1 L
B4 S 2
r 9 12
'§ ¥ £Q
e b A %
Y L 13
‘9 ‘9 02
q ‘8 61
9 ‘8 8l
g ‘9 L1
] b o1
R i M
187 F¥ ¥
EEY Yoig SRERACTe (e (]
_ _|joung
“IWPM 1940
oM ‘€681

0aQ Jod MO[q "AY




24 LOSSES FROM CANALS BY SEEPAGE.

The average loss amounts to .80 cu. ft. per sec. As the
amount turned into the ditch averaged 4.49 cu. ft. per sec.
the loss amounted to 18 per cent. on this basis, or 22 per
cent. by taking the average of the losses by days.

As the surface of the water of the canal was about three
acres in area, this amount of loss corresponds to a depth of
slightly over 6 inches per day.

The variations in the loss on different days is noticea-
ble. A part of the difference is due to the fact that a Huctu-
ation in the amount of water in the canal does not affect
the lower weir until a couple of hours after the upper weir
has been affected, and as the civil dav was used with both
welrs, some discrepancy is due to this fact. The days when
the changes were noticeable were excluded from the table
though the etfect is not thereby entirely elminated from the
individual day’s record.

The days when water was used through the small late-
ral above the lower weir could easily be detected by com-
parison of the records at the two weirs, and are likewise ex-
cluded from the table.

Showers affected the record to some extent in 1894,
and while the amount of rain entering the canal is unknown,
there is reason to suppose that its effect caused the apparent
losses to be less than in 1893, whose record for the time re-
ported was free from such disturbance.

RECAPITULATION OF CASES OF LOSS.

Pleasant Valley and Lake Canal: Lossofi1.46
sec.-ft. in 23 miles, after being increased

by over § ft. gain. Depth.
Average depth of loss, with low head....... 0.66 ft.
Excluding gains, loss Of OVer. .. .ovoennnn, 1.00 *
At places,over. ... ... oo 5.00 "

North Farm Lateral: Lost 125 ft. in 9 miles,
with head of 200 sec. ft.

Average depthofloss...................... 0.80
With head of o ft. lost 5.28 sec. ft. or depth. 0.43 "
Fort Morgan Canal.................... ... ... 1 to 2.60 “
Hoover Ditch ............................... 1.00
Greeley No. 3 special case ............. ... .. 30.00
h July 20,1898 ...... ... 18.00 “
North Poudre Lateral................6t0 1.00 080 ©
Muzza Canal, Italy... ... 1.70
NaviglioGrande. ........... oot 0.80 "
MAart@Sana ... ..o i e e 1.50

Centreville and Kingsburg................ ... 6.00
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King’s River and Fresno..................... 6to 1.70 ¢
Fresnolaterals. . ... ... .. ... ... . ... ........ 1.2 to 6.40 *
Kern county canals............................39t02.60 "
Kern county,sandy soils............... 1. to 2. 1.60
Kern county, sandy loam............ .39 to 1.3 0.87 “
Campine, Belgium,sandy ............ ... ... 2t0 10.00
Erie Canal. ................. ... . ... .25 to .8o 0.60 “
Carpentras Canal, FFrance.................... 1.20 *
MarseillesCanal. ... ... . . ... 0.40

GAINS FOUND IN CANALS.

In many cases the canals serve as drainage ditches and
are found to gain in volume instead of loss. Several ex-
amples may be noticed in the tables, as the Empire canal,
the North Farm lateral for a portion of its length, the Prai-
rie Ditch, the Pleasant Valley and Lake canal, etc. It is
frequently noticed that some canals have water even when
their supply from the river is shut off. This is often found
to be true with the ditches in river bottoms, originally built
to take water from the river, but which, with the irrigation
of the upper lands, have now become practically drainage
ditches. Every old irrigated valley in the state has such in-
stances.

In the case of the Hottel mill race at Fort Collins, not
elsewhere mentioned, which was measured in the fall of
1897, a gain of over 1 sec. {ft. was found in a distance of two
miles.

The gains are manifestly more likely to be found in
deep canals than in the shallow laterals.

VARIATION UF LOSS WITH DEPTI.

The amount of seepage increases with the depth of
water in the channel. This is principally from theoretical
considerations, .but has observational confirmation. The
exact relation must depend on the relative losses through
the banks and through the bottom or on the relative width
and depth of the channel. As the soil is rarely uniform for
any considerable distance, the results from theoretical con-
siderations can only be a guide as to what to expect. When
the loss is solely through the banks there is reason for think-
ing it may vary nearly as the cube root of the square of the
depth, that is, on doubling the depth, the loss would be
nearly three times as much; on quadrupling the depth the
loss would be nearly eight times as much.

Some interesting observations by J. C. Trautwine, ]Jr.,
Chief of the Bureau of Water of Philadelphia, are given in
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Bulletin 45, on Losses from Reservoirs, page 12. It was
found when the water was 20 ft. deep, the loss amounted to
.15 inches per day; when 25 feet to .24 inches; when 30 {t. to
.16 inches, but on lowering the water it was found that the
loss did not become as small as the same depth before the
reservoir had been filled. The loss at 20 ft., after the reser-
voir had been full, remained at .28 inches instead of reduc-
ing to .15 inches observed before.
i Some observations by Keelhoff on small ditches have
already been mentioned. In these more loss was found
when the water was 10 inches deep than when 2 inches deep.

In the case of the North Farm Lateral, where two
measurements were made with different amounts of water
in the canal, a greater depth of loss is shown with the larger
head. The depth of loss averages .8 with the head of 200
sec.-ft., and .4 ft, with a head of go sec.-ft.

By arranging the losses according to the amount of
water in the canal, we find that the observations given in
table VI show clearly that the smaller the amount of water
the less is the depth of loss, though the greater the per cent.
the loss is to the amount in the ditch.

Omitting the days on which the water had dropped, in
which cases the water returning from the saturated banks
reduces the apparent loss, and likewise leaving out of ac-
count those days in 1394 on which doubt is cast by showers,
the following table is obtained:

Amount of Water. No. Cuses Tuken. Loss in Carriage. Lioss in Depth.
in Ditch, per Ceunt. Inches.
0 to 2 sec. ft. 4 50 4.5
2tc 4 estimated 26 6.3
1 to 6 G 19 75
Gto® § 17 8.5
THE EFFECT OF TEMPERATURE ON LOSSLES.

It is undoubtedly true that the amount of seepage will
be affected by the temperature of the water, and though the
temperature was always taken, no attemptis made to allow
for the temperature in the present report. The effect of
temperature is evident in the increased flow into streams as
shown in Bulletin 33, in drains, and it causes a correspond-
ing effect on the loss from canals.

Using the equation representing the effect of tempera-
ture on the velocity of flow as given in bulletin 33, p. 46,
and considering the amount of seepage at freezing tempera-
ture as unity, the loss at other temperatures may be ex-
pected to be approximately as the following amounts:*

* Note in Engineering News, by L. G. Carpenter, 39:422.  Also note 40:26,
July 14, 1898, by Allen Hazen, giving practically same ratios from bis own meas-
urements.
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V]
3

Temp., F. Velocity. Temp., F. Velocity.
32°. ... ........1.000 T2 1.860
427 1.195 82 2.109
52° 1.403 92 2.372
G2 . 2.109 102° . ... 2.649

In warm weather the loss is therefore greater than in
cold, and the loss at 80° temperature of the water would be
twice as much as if it was at freezing temperature; or the
‘oss at 70° would be about one-third more than at 50°.

LESSENING SEEPAGE.

Of the conditions affecting seepage, the one which can
most readily be controlled, and in fact the only one, 1s the
character of the canal bottom or the bottom and sides. No
soil is absolutely water-tight, but there is a great difference
between the perviousness of the different soils, which range
through all degrees of clay to sand and gravel. Clay of the
quality known as adobe, essentially a clay from which all
vegetable matter has been extracted by action of alkaline
carbonates, is well known to be nearly water-tight.

A layer of fine material, as of fine silt, makes the pass-
age of water so much more slow and difficult, that its effect
is well known and is shown in a number of cases in the
measurements reported in this bulletin. Even water that is
apparently clear contains enough matter to lessen the rate
of filtering in a few weeks time in the large flters for city
water supplies. -

The silt carried by canal waters is sufficient to greatly
lessen, and in many cases to practically stop the seepage,
but to do this the velocity of the water must be slow enough
to permit the silt to be deposited.

A constant current tends to prevent the settlement of
sediment. If the current is swift enough to erode the bed
then not only is the sedimen® kept from dropping and hlling
the pores, but the surface is swept and the losses will re-
main large.

Hence defective alignment of the canal, too sharp
curves causing the current to strike and erode the banks,
are conducive to losses. Some canals have found it desira-
ble to straighten the line of their canal tolessen the troubles
of maintenance, and in so doing have also lessened the loss
from seepage.

Any way in which the canal may be silted up, or be per-
mitted to form a layer of silt, thin though it be, will tend to
lessen the secpage.

Hence checks which some canals have found it neces-
sary to construct for water distribution, cause slack water
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and thus permit the deposit of silt. There are many places
where the effect has been immediately shown. The water-
soaked lands become dryer and land which had been im-
passable became dry enough for passage and cultivation.
So as silting lessens the seepage, on the other hand the re-
removal of the silt coating may cause the leakage to be as
great as ever,

A case in point is the Greeley canal No. 3, as mentioned
in Bulletin 33, pp. 49-50. When first built considerable
damage was done from the rising of the ground waters and
fooding of cellars in some parts of the town. After a few
years the cause of complaint disappeared, silt having filled
the bottom of the canal. In 1895 sand was obtained for
building purposes from the bottom of the ditch at the cross-
ing of a ravine. The top layers of the ditch bottom were
found to be partially cemented. Within a few months after
water was again turned into the ditch complaint arose re-
garding the influx of water in the town cellars. When
water was turned out of the canal, the water in the cellars
began to go down within ten days and in three weeks had
fallen 6 inches, and in two months 18 inches. A measure-
ment made above and below the suspected point showed a
loss of 5.06 sec. ft. in a distance of 760 feet, or equivalent to
a depth of 30 feet per 24 hours over the surface covered by
the canal.

A drain sewer had been built by the City of Greeley to
drain the region below this part of the town. It was stopped
up at the time of the measurement, but v hile'thus failing to
remove the water, the loss from the canal was excessive as
shown by comparison with the losses from other canals.
The damage led to requests from the people in that part of
town to correct the defects in the ditch. The city feared
that an attempt to remedy the condition would be a confes-
sion that it was to blame. In 1896 a team worked for part
of a day in hauling in clay and puddling this section of the
canal, and the complaint in 1896 and 18¢7 was small.*

In the case of the Fort Morgan canal, given in table 3,
there is an opportunity to compare the losses from a chan-
nel when freshly used, and after having been used for a
year, silt presumably having settled.

In 1895, at the time of measurement, water had been
turned into a new section two miles long for a couple of
weeks. The loss was found to be 11.48 cu. ft. per second.

* July 20, 1893, this portion was again measured and loss still is a depth of
over 18 feet daily.
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Almost a year later the-same section gave a loss only one-
half as much, the change being ascribed to the silting which
had taken place in the meantime.

The use of sediment is the most practicable method of
reducing the loss from seepage. In California both the
main ditches and the laterals are often cemented, as they
are in Mexico. Their canals are much smaller than the
canals in Colorado, the value of water is much greater, and
hence the amount which could be expended for the saving
of water would be greater than could be profitably expended
under Colorado conditions.

On some California canals the channels have been lined
by cementing directly on the earth. This would not be pos-
sible to do successfully under the colder winters of Colorado.

Under some conditions, as where water is exceptionably
valuable, it may become profitable to go to considerable ex-
pense to save the loss from seepage; to pave the sides or
bottom if necessary, to concrete the canal through 1n our
climate thisis not likely to be satisfactory, or to pipe the
ditch.

Evidently the question returns to the value of water
and the amount of loss. The commercial value of a cubic
foot per second of water is not less than $500 in any place
in the state, and in few places would it be considered as
high as $3000. This is the nominal second-foot which
actualily is not constant in flow. Under farming conditions
$1,200 would brobably represent the average value. The
annual value'may be considered as not less than $50. To
the farmer using the water its productive value is far more;
or the individual who uses the water can profitably expend
morc than any one else.

The farmer who could thas save as much as 2 cubic feet
per second could afford to expend $r100 per year if neces-
sary for that purpose. But until fully convinced of the effi-
cacy of methods of saving water, few would care to risk so
much.

In many cases the lossesare excessive. Under fair con-
ditions they be as much as two feet per day.

The losses vary with the different formations through
which the canal passes, or the different character of the soil.
Porous gravels are notoriously leaky, while the clayey soils,
or gravel with a suitable admixture of finer material and
clay, may hold water satisfactorily. In some cases the sec-
tion of the channel can be enlarged at the leaky place and
filled with finer material, or silt allowed to settle, for in most



30 LOSSES FROM CANALS BY SEEPAGE.

case; a thin layer is sufficient to check the leakage very
much.

LOSSES AT DIFFERENT FORMATIONS.

The effect of different strata is shown in the measure-
ments of the seepage increase of streams. In the case of
the Cache a la Poudre there are several stretches in which,
notwithstanding the large gains in the river as a whole,
there is an apparent loss of water.

In the Rio Grande river in Colorado marked losses
were found for a portion of its length in the San Luis val-
ley, amounting to 75 cu. ft. per second in a distance of 15
miles. The loss was noticed in 1896 and verified in 1897. )

Similarly in the case of the Arkansas river, a loss is
found in several places, but of less amount than found in
the Rio Grande.

EFFECT OF PREVIOUS CONDITION ON LOSS.

The previous conditions of the bed of the canal, or
stream, will materially affect the loss experienced in the
canal or river bed. If the bed has been dry and has become
heated as well, the amount of water which is absorbed by
the bed when water is turned into the canal, is surprising to
one who is not acquainted with the peculiarities of the flow
of water under such conditions. The layer of dry soil ab-
sorbs the water with avidity. It will take up about one-third
of its volume of water, and the amount of water thus ab-
sorbed is in addition to the amount which is flowing through
the soil under steady conditions. The effect is to greatly
increase the time required to send water through a ditch
after having been dry, and on the longer ditches days may
be taken to send water through the ditch, while when al-
ready soaked up a very slight change at the headgate is
quickly felt throughout the length of the canal. Itis be-
cause of the loss from this source that the attempts to run a
moderate amount of water through streams with sandy beds
have not been successful.

On the other hand, with falling water, a considerable
amount of saturated soil is exposed. Water oozes from the
banks and the supply thus received retards the fall of water.
Sometimes when the banks are gravel, the outflow appears
in streams and is so rapid and abundant that it may cause 2
slipping of the bank. Experienced canal men have a well
founded objection to lowering water suddenly and consider-
ably and though some, mistakenly, think that the pressure
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of the water holds the gravel in place, the effect observed
is a real one.

In consequence a canal with rising water will have more
and with falling water less than the normal loss, or more
than the normal gain. This is shown in numerous cases
with the records on the North Poudre canal. The length
of time during which this will affect the conditions depends
on the area and extent of the gravel beds near the channel.
The principal effect passes off in a short time, for as the line
of saturated soil becomes further removed from the chan-
nel, the movement of water is much more slow.

One consequence often realized in practice is that if
water is to be run through a long canal, the division can be
made better and fairer if the water is run completely
through the canal before opening the lateral gates. The
whole of a small stream of water may be required to satisty
the thirsty sand. A large stream may accomplish the same
purpose in a shorter time and with less loss. Hence often
it is better to use the whole stream if necessary to wet the
bottom of the canal for its whole length, before beginning
the division of water, and if the canal is run in sections, to
begin the distribution at the lower end of the canal is the
better way. If a small stream only is used, nearly all may
be taken to wet up the channel and leave little for the lower
users.

CONCLUSTONS.

1. The losses from evaporation are relatively insignifi-
cant compared with the seepage losses from most canals. In
the cases most favorable to evaporation and least favorable
to seepage the evaporation is not over 15 per cent. of the
seepage.

2. In the case of reservoirs it was concluded in bulletin
45 that the seepage was less important than the evaporation.
I'his is different from the results found in ditches, not be-
cause the evaporation is less, but because the seepage i1s
much more.

3. The lossecs are sometimes enough to cover the whole
canal 20 feet deep per day.

4. The loss in clay soils is less than in sandy or gravelly
soils, but rarely as small as 3 inches daily.

5. The loss is greater when water is first turned in
than after the bed has become saturated.

6. Sometimes the canals are found to gain for the
whole or part of their length, or the canals may act as
drains. This is more likely to be the case when the canal
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is deep in the ground, when crossing lines of drainage, or
when located below other ditches or irrigated tracts.

7. Inthe prevailing Colorado soil, when not intercept-
ing seepage, the loss may be put provisionally at from 1 to »
feet per day over the whole surface of the canal. In clay
soils it 1s less, but still nearly one-half as much.

8. The loss in carrying water in small quantities, is
relatively larger than in carrying large amounts. The in-
creased depth of water means increased leakage, but the
carrying capacity increases faster than the leakage.

8a. From the standpoint of economy, it is wasteful
to run a small head. It is more economical to run a
large head for a short time. In the management of small
ditches the time system of distribution can be introduced to
advantage, saving time and labor as well as water.

9. lt is wasteful to use two ditchesor laterals when one
would serve.

10. The loss increases with higher temperature, being
about twice as much at 8o’ as at 32",

t1.  The loss increases with greater depth of water, but
the exact relation needs further investigation.

12. The loss will be lessened by any process which
forms or tends to form an impervious lining or coating of
fine material, as of clay or silt. The silt, consisting of fine
sand, improves many soils. Clay is better and especially
limy clay, the lime with the clay forming an almost imper-
vious coating.

13. Cement linings as used in California and Mexico
are not warranted by the conditions in Colorado, nor would
the weather conditions be favorable. Noris the use of
wooden stave piping for this purpose likely to be profitable
in many places in the State, if at all on the larger canals
at present. The silting process applied with discrimination
will accomplish much at smaller cost.

14. On small laterals glazed sewer pipes may save an-
noyance often connected with the carrying of water in late-
rals for considerable distances, which, with the saving of
water, may make its use an object. One of the supply late-
rals of the Colorado Agricultural College is of vitrified
sewer pipe, over 4,000 feet of 12-inch pipe being used.

15. Some particular sections in canals are subject to
much greater loss than the canal as a whole. Hence
water can be saved by locating the leaky place and reme-
dying it. This may be desirable to do while it would be
unprofitable to treat the whole canal.

16. There are many places where it would be-advan-
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tageous to combine two ditches, by this means saving not
only the loss of water, but saving superintendence and main-
tenance charges. With increased confidence in the accu-
racy of water measurement, reluctance to such consolida-
tions should lessen.

17. The depth of losses from laterals is probably
greater than in the main ditches. The lateralsare less per-
manent, are steeper, have less silt, and are more poorly
cared for.

18. There must be some arrangement of ditches and
laterals which is the most economical for given conditions,
so that the aggregate of the losses of the whole system will
be a minimum. Certainly the location and arrangement of
the laterals for carrying water from the main ditch is worthy
of consideration by the management of the main canal and
the importance increases with the size of the canal and the
width of the strip it serves.

19. Itis not to be understood that the whole of the
loss from the ditches is lost to the public wealth of the State.
Some, perhaps much, of the loss, may re-appear as seepage
in lower ditches or in the main stream and again be used.
It is, however, lost to the particular ditch and incidentally is
destructive to much land. With all practicable methods of
prevention, there will still be abundant loss. Itshould be to
the advantage of the individual ditch to prevent such loss
as far as practicable.

20. A general statement of the total amount of loss of
water must be made and accepted with reservation. It
would appear that in the main canals from 15 per cent. to 40
per cent ts lost, and in the laterals as much more. It would
thus appear that not much over one-half, certainly not over
two-thirds of the water taken from the stream, reaches the
fields. In the most favorable aspect, the loss is great, and
is relatively greatest when the loss can be least afforded,
viz.: when the water is low and the ditches are running
with reduced heads.

21. There are some 2,000,000 acres of land irrigated in
Colorado and the value of the water rights at a low esti-
mate is as much as $30,000,000. (The census estimates the
water rights as worth $28.46 per acre.) On this basis, the
capital value of the water lost by seepage in the canals and
ditches may be put at from six to ten millions of dollars.
From the evidence at hand at present this seems a low es-
timate.
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PUBLICATIONS OF THE SECTION OF METEOROLOGY
AND I[IRRIGATION ENGINEERING.

BULLETINS

No. 13-On the Measurement and Division of Water. Oct, 1890, 46 pp.

Sowme principles applicable to dividing water. Conditions to be met by

modules. Descriptions of weirs and their conditions for accurate use;

first Knglish description of the Cippoletti trapezoidal weir. Tables for

the rectangular and trapezoidal weirs, with and without contractions.
Second edition July 1891. Editions exhausted

No. 16 -Artesian Wells and Their Relation to Irrigation. 1892, 28 pp-

Iucluding waps showing the Deunver and the San Luis basing, and indi-
¢iting the probuble limits of the latter. closely contirmed by the wells
since sunk.

Edition exhausted.

No. 22 —Preliminary Report on the Duty of Water. 1842, 32 pp.

Giving several years measurements on the amount of water used on
crops of alfalfa, wheat, oats, native hay, and on canals irrigating many
thousand acres, all in the Cache a la Poudre valley, with some discus-
sion on the absurdly bigh dutiessometimes reported, and oo the ultimate
duty of water.

E lition exhausted.

No. 27—On the Measurement and Division of Water. 1595, 42 pp.

Revised edition of No. 13, with additional matter, especially new tables
computed for weirs of unit length and for depths measured in inches.
Also tables for correcting for velocity of approach, so as to render the
tables applicable to cases where the space in front of the weir becomes
silted up.
Edition exhausted.
The tables have been reprinted in Report of the Colorado State En-
gineer for 1895-6.

No. 33—Seepage or Return Waters from Irrigation. Jan. 1896, 63 pp.

Reporting measurements in detail on the Poudre river and on the Platte

river made to determine the increase in those streams from return waters

from irrigation. Discusses the origin of that increase and the connec-

tion wirh the area irrigated and the amount of water applied in irriga-

tion. Shows connection between the amount and the temperature, ete.
Copies still to be had on application.

No. 3 -- Losses from Reservoirs by Seepage and Evaporation. May, 1898, 32 pp.
Eleven years observations of evaporation at Fort Collins. and several
vears observations on floating tanks. Two winters observations on losses
from seepage. Some discussion of economy of storage at high altitudes.

No. 48—On the Linsses from Canals from Filtration or Seepage.

Annual Reports Forming Part of the Annual Reports of the
Agricultural Experiment Station.

1888—F'irst Annual Report of the Agricultural Experiment Station, 250 pp. C.
L. Ingersoll director. o ]
Report of Meteorologist and Irrigation Engineer, 70 pp.
Description with illustrations of instruwments.
Meteorological observations in detail.
Table of observed sunshine by days and comparison with New York.
Table of soil temperatures. ) )
(lables reprinted in Report of Secretary State Horticultural Society, 1889.)
1889 —Second Anpual Report of the Agricultural Experiment Station, 1839, 136
pp. C L. Ingersoll, director. )
Report of Meteorologist and Irrigation Engineer, 28 pp.
Table of extent of irrigated area in Colorado. . )
Monthly precipitation for several yearsand.at various co-operating stations



LOSSES FROM CANALS BY SEEPAGE. 35

Daily range of temperature
Tables of amount of shnshine observed at Iourt Collins, Rocky Ford and
Del Norte.
Observed and computed evaporation from water surlace.
Weekly weans of soil temperatures at several places.
800-—-Third Annual Report of the Agricuitural Experiment Station, 223 pp. C.
L. Ingersoll, director.
Report of the Meteoroloygist and Irrigation ingineer, 100 pp.
Tuble showing maximum and wminimum iows of a number of streams for
1888 and 1890.
Table of the daily tlow of the Cache a la Poudre,
Estimated awount required by wonths.
Notes on the duty of water,
Depths taken by the No. 2 canal,
[rrigation statistics, 1890.
Acres covered by ditch.
Mileage of canals.
Clost of irrigation works.
Irrigation bibliography, 10 pp.
Meteorological tables: Precipitation.
Daity dew point and relative humidity by days.
Kvaporation, summary of results.
Evaporation at Del Norte.
Evaporation on a reservoir.
Sunshine by montbhs at three stations, compared with New York.
Sunshine, forenoons and afternoons.
Sunshine for days, by sunrise to 9 a. m ; 9 to 12; 12 to 3; 3 to sunset.
Sunrise by days throughout the year, three stations.
Actinometer readings, 1890.
Daily temperatures, 7 a. m to 7 p. m., max., min, throughout the year.
Table of range, daily, throughout the year.
Table average and greatest range by months.
Weekly soil temperatures, depths from 3"’ to 6 ft., three locations.
Table of extremes.
Daily mean barometer.
Ancual summaries at Agricultural College, Del Norte, Rocky Ford.
891 —Fourth Annual Report of the Agricultural Experiment Station, 130 pp.
W. J. Quick, director.
Reports of the Meteorologist and Irrigation Engineer, 69 pp.
Tables of precipitation for 15 years at Fort Collins, at 19 co-operating sta-
tions.
Change of precipitation due to elevation.
Dew point and relative humidity, 1891.
Return or seepage waters.
Evaporation, comparison of computed and observed.
Average daily evaporation.
Compuarative evaporation at three stations.
Notes on duty of water. on actinometry.
Sunshine tables as in 1890.
Weekly means of soil temperatures.
Air temperatures by days.
Terrestrial radiation by days.
Average barometer by days.
Comparative tables observations at Fort Coiline and Manhattan, 3,000 ft.
higher.
Annual summariee, Fort Colling, Monument, Rocky Ford, Manhattan.
1892—Fifth Annual Report of the Agricultural Experiment Station, 68 pp.
W. J. Quick, director.
Report of the Meteorologist and Irrigation Engineer. 6 pp.
1893—Sixth Annual Report of the Agricultural Experiment Station, 84 pp.
Alston Ellis, director.
Report of the Meteorologist and Irrigation Engineer. 7 pp.
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1894—Seventh Annual Report of the Agricultural Experiment Station. 112 pp.
Alston Ellis, director.
Report of the Meteorologist and Irrigation Engineer. 6 pp.
1895—KEighth Annual Report of the Agricultural E‘:penment Station. 64 pp.
Aliston Ellis, director.
Report of the Meteorologist and Irrigation Engineer. 7 pp.
1896 —Ninth Annual Report of the Agricultural Experiment Station. 113 pp.
Alston Ellis, director.
Report of the Meteorologist and Irrigation Engineer. 5 pp.
1897—Tenth Annual Report of the Agrlcultural E\pernnent Station. 110 pp.
Alston Ellis, director.
Report of the Meteorologlst and Irrigation Engineer. 24 p
Discussion of operations of the year, resuits and 1nvest1gatlons desirable
to make.
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