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PROGRESS REPORT
STUDY OF SEEPAGE FROM IRRIGATION CHANNELS
1951
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A. R. Robinsonéz;d Carl Rohwer
INTRODUCTION

Early in 1949, the Bureau of Reclamation requested the Division of
Irrigation Engineering, Soil Conservation Service, in cooperation with the
Colorado Agrieultural Experiment Station to make studies of seepage from.
irrigatidn canals as 6ne phase of the Lower Cost Cenal Lining Program set
up by the Bureau. A memorandum of understanding, Asc-875, signed by the
oooperatipg agencies became effective June 20, 1949, and has been renewed
ennually. The actual field work for the project started during the summer
of 1949 and has continued each year since that time.

The purpose of this investigatioﬁ is to study the factors that cause
seepage and to determine their effect on thé rates of seepage, in order
thet better methods of measuring seepage from existing canals and of fore-
casting the seepage from proposed canals might be devised. The plan for
conducting the study is based on the construction of seepage rings in
different types of soils, from which the sespage rate could be accurately
determined snd from which a study of the various factors influencing seepage
would be possible. The seepage rate from fhése rings would be used as a
standard for determining the accuracy of permeameters and seepage meters
in measuring seepage. These field permeameters and seepage meters %ould
be installed either within the rings or in the seme general vicinity.

Complete soil analyses including laboratory permeameter measurements would
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bo mades Where possible, actual use of the field equipment on existing or
proposed canals as & means of further improving or calibrating the equip-
ment was planned.

puring the first two years the seepage rings were installed in clay
Joem on the Horticulture Plot near Colorado A and M College and in sandy
loam at the Bellvue lLaboratory. Numerous measurements were made with the
SCS type seepage meter and the well-type permeameter. In addition, weekly
observations of the elevation of the ground water were made. Inflow-outflow
as well as ponding measurements were made on the Arthur Ditch. Well-type
permeameter tesis were conducted along a section of the Poudre Supply Canal
which is a part of the Colorado~Big Thompson project. Complete soil and
water analyses were made at each test location,

During the 1951 season the seepaga rings were agﬁin operated at the
Bellvue laboratory and & new seepage ring installation was made in clay
s0il near the Poudre Supply Canal, which was also operated for the season,
In eddition to the.SCS type seepage meters which had been used the previous
seasons, two USBR plastic bag type meters were testeds A plastic SCS type
neter was constructed and used for seepage determinations. Three well-
type permeamefers were constructed and used for meking permeability
measurements. A section of the Poudre Supply Cenal was checked for seepage
by using the seepage meters and by ponding. Inflow-outflow measurements
were again made on the Arthur Ditch. Assistance was given in making a
series of well-type permeameter tests along the center line of en unlined

section of the proposed North Poudre Supply Canal,
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EQUIPMENT AND PROCEDURE
soepage Rings

As expleined in the progress reports submitted in 1950 (8) end 1951
(7), two concentric rings, one 6 feet and the other 18 feet in diameter'were
used in the experiments. (See figure 1). The annular space around the
center pool acted as a buffer so that the seepage from the center pool would
be unaffected by the boundary conditions. The rings were made of 1l6-gage
galvanized sheet metal 36 inches wide., They were set into the ground to
a depth of 12 inches thereby forming tanks which were 24 inches deep. A
valve was provided for the inmner ring so that the pools could be inter-
connected if desired. The water was obtained from the Poudre River for the
Bellvue laboratory rings and from the Fort Collins City water main for the
Poudre Supply Plot. 1In either case the water was measured through calibrated
domestic~type water meters. The watér levels in the rings were contfolled
by float valves and variation in depths measured by hook gages mounted in
each ring. Piezometers were installed at several locations around the rings
es well as in the center rings in order to keep an accurate check on the
ground water elevations.

Normel 1y, twice daily readings were made of the seepage from the seepage
rings. In addition, air temperatures were recorded as well as the water
temperatures at both the water surface and the contact point with the soil.

A standard Weather Bureau rain gage was used for measuring the precipitation.
An evaporation pan was installed at the Poudre Supply Plot and these data
vere also used for the evaporation correction at the Bellwvue laboratory Plote.

Seepage Meters

Two types of seepage meters were used in the seepage studies. One
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type was developed by the Soil Cons

B type seepage meter. The other was

called the USBR type seepage meter,

of the bell was used for releasing

ettached hook gage was fastened to

«5-
ervation Service and is termed the SCS

first designed by the Regional Salinity

laboratory, USDA, Riverside, California, and modifications were added after

" use by the U. S. Bureau of Reclamation. In this report this meter is

SCS Seepage lMeter = The SCS seepage meter was described in detail in
the 1950 Progress Report (8) and is shown in figures 2 and 3. The meter
consists of a bell 12 inches in diameter and 6 inches deep with a sharpened

edge around the open end to facilitate installation. The valve at the top

entrapped air. A cup approximately 2

inches in diameter with a petcock attached near the base, was connected to

the bell by means of a 1/2-inch rubber hose. The cup together with an

a stake which could be clamped to the

\ outer ring wall. The hook gage was used to measure the drop in the cup

rings when the valves were opened.

the same, converted to & rate over

Soopage rate,

vhen the valves were closed and the elevation of the water surface in the

To begin a test, water was first forced through éhe meter by closing
the petcock and with the valve on the bell open, éouring water into the
cup. This forced out the trapped air in the rubber hose and in the top of
the bell. The hook gage and cup were then clamped to the outer ring wall
end a reading of the water elevation taken. All valves were then closed
and water poured into the cup to an inch or so higher than the outside water
elevation, The rate of drop in the cup was timed with a stop watch until
the water lovel in the cup was below that in the rings. The instantanecus

rate of drop in the cup at the same time that the two water levels were

the area of the bell, determined the

M
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Since it was believed that any jarring caused by hammering on the bell
muld materially affect the results of the tests, all installations were
gade either by standing on the bell or by jacking. In most cases, two men
gore able to force the meter down by gently rocking it with their feet,

In order to see if anything unusual occurred inside the meter after
it vas in place for a few days, a clear plastic meter was constructed,
(figure 4.) This meter énd attachments were practically the same as the
one just described except that the bell was 10 inches in diameter. Anoth;r
purpose of this meter was to let sunlight inside the bell so that it would
not be dark as in the case of the meters made with sheet metal. It was
thought that this absence of sunlight might be a reason for inconsistencies
of the seepage meter readings.

USBR Seepage Meter - .The USBR seepaze meter is shown in figure 5.

Briefly, this meter consists of a bell, 2 square feet in cross-sectional
area and from 8 to 12 inches high. A plastic bag is connected to the bell
with a flexible hose. The bell was installed in a manner similar to that
used for the SCS meter. Care was taken to expell entrapped air by forcing
water through the flexible tube with the valve on top of the bell opens
The plastic bag was then filled with water, weighed, attached to the flexible
hose and submerged in the surrounding water. In order to make a test, the
valve at the top of the bell was closed and the clamp on the flexible hose
opened. After a prescribed length of time the bag was removed and again
weighed. This gave a seepage rate per unit of time over the area of the
bell, |

fell-type Permeame ter

The well-type permeameter was developed by the U. S. Bureau of Recla-
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pation and is fully described in the Earth Manual (12)? This permeameter
consists of a calibrated supply tank equipped with an indicator glass and
en outlet pipe equipped with the float mechanism (see figure 6). A hole
4 to 6 inches in diameter end varying in depth with the horizon to be
rested was used. This hole was partly filled with highly permeable sand
or gravel to reduce erosion and prevent caving and the top portion was
equipped with a screen casing.

Essentially, the well permeameter tests consist of the measurement of
e rate of water flowing outward and downward from an uncased well in which
a constant head of water is maintained. A mathematical solution for deter=-
rining the permeability coefficient K from the results has been developed
by electrical analogy methods by the U. S. Bureau of Reclamation (12).
For the case of the deep water table condition when the distance frog.the
vater surface in the hole to the water table is greater than three times

the depth of water in the hole, the formula may be stated as:

K = 1,440 (simh “1(B) - 1) & (1)
r 2he

where h is the depth of water in the hole in feet, r 1is the radius of
the hole in feet, Q 1is flow in cubic feet per minute required to maintain
& constant water level and X 1is the permeability coefficient in feet per
day.

Generally, the tests were continued for about ten days or two weeks
until a fairly constant rate was being maintained. The Bureau Menual (12)
8pecifies that the tests should be run only long enough to develop a
saturated envelope in the soil. A minimum and maximum time limit on the
duration of the test is presented. Readings were generally made at one-
hour or two-hour intervals during the day. In addition to the tank reading,

the temporature and depth of water in the hole wore noted.
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PRESENTATION OF DATA

nellvue laboratory Seepage Tests
RellViE ©

The seepage tests at the Bellvue lLaboratory started in the summer of
1950 were continued in 1951, 1In addition to twice deiily observations of
sne seepage from the seepage rings and the pertinent meteorological factors;
yookly measurements of the ground water levels were made at the site. Tésﬁs
wore continued using the well-type permeameters in the vicinity of the ringé
end the seepage meters in the outer ring. In addition to the two types of
5cS meters, the USBR seepage meter was also used for measuring the séepaga

from the rings.

Soil and Water Analysis = A report of the physical characteristics of

the soil at the Bellvue plot is contained in the progress report submitted

in 1951 (7). The mechanical analysis of the soil showed it to be a sandy ‘
loams According to the Atterburg Classification Index the soii was classe&
es friable. A chemical analysis of the soil indicated it to be alkaline in
reaction. The soluble salt content was very low and no gypsum was indi=-
cateds The analysis of the water used, which was taken directly from the
Poudre River, is shown in table l. This shows & low salt content and a

vater which is very nearly free of impurities.'

Permeability tests of disturbed soil samples weré made in the laboratofy
eccording to the procedure described in the 1950 progress report on soils
(10) A plot of the results is given in the 1951 progress report (7).: Thisl
thows & radical difference in the initial permeability of the samples.' How=-
evor, at the end of the 17-day period the rates were very nearly the same,
&pproximately 4 feet per day for the 0 to 1-foot sample and 5 for the

1 to 2-foot sample.

s e i— i -
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002 - Bicarbonates

* Samples at Bellvue lLaboratory.

Weter contains

about 20 PPM of clay sediments.

Teble I.-- Water Analysis
S Fte. Collins Poudre
City River
O Water Weter *
Total Solids 66 PPU 92 PPM
Volatile Matter (organic & Hzo) | 14 PPM 22 PPM
Organio Matter Trace Trace
Reaction (acid-alkaline) 6.9 pH 7.0 pH
Ca0 - Lime S1ight Light
Mg0 - Magnesia Slight Slight
Haao - Soda Present Present
hoids
NO3 - Nitrates (toxic) None None
€l - Chlorides (table salt) None None
503 - Sulfates Trace Slight
Trace Trace
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seepage Rings - The site for the Bellvue Laboratory rings is on an

¢s1and in the Poudre River. This site was seolected because a highly per-
ssable soil existed there end water was readily availeble. This island was
.41t up by the river so that the soil profile consisted of large cobbles
.yerlain with several feet of water deposited sand end silt. Because of
vxo non-uniformity of the soil and the existence of lenses of coarse sand,
.o material inside the rings was excavated down to the cobbles, and then
shoveled back into the rings so that it would ve thoroughly mixed. This
would tend to reduce the permeability of the soil from that of its natural
state. The seepage rings are shown in figure 7.

Water was first turned into the rings for the 1951 season on June 4
¢fter the water had been turned off since Wovember 8, 1950, Twice-daily
reedings, were teken until Wovember 1, when observations were again discon-
tinued because of cold weather. Because of the relatively low seepage rate
from the inner ring, water meters could not be used to measure the inflow
end it was necessary to fill the ring at each reading and then allow the
xater to drop until the next reading to determine the seepage loss. How-
evor, water was allowed to flow into the outer ring continuously throughout
the season with the inflow being measured with the water meter. The water
w5 cut off frequently and the rate of drop noted over a one or two-hour
periods This gave a positive check of the seepage rates as determined from
the measured inflow.

A plot of the observed seepage rates as well as data on water depths,
¥ter temperature and barometric pressures is shown on figure 8. The

tocpage rates have been corrected for precipitation eand eveporation. The

outer ring started with an initial seepage rate of about 0.90 foot per day
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(cubic feet per square feet per day) and increased gradually for approxi~-

pately three weeks until a rate of 1,30 feet per day was reached. A graduai
decline in rate is then shown until the end of the test period when a rate
of just over 0.20 foot per dey was reached. A slight increase in seepage
‘{s noted about September 1 after a test in which the water level in the
rings was allowed to drop almqst to the bottom and then brought back to

the maximum depth again. The increased head seemed to have the effect of
temporarily increasing the rate above thet caused by the additional depth

of water.

The inner ring started the 1951 season at a rate of about 1.10 feet
per day which was actually higher than the initial rate for the outer ring.
However, the inner ring showed a gradual decrease throughout the entire
period ending with a rate of about 0.15 foot per day. It is interesting
to note that the initial rate from the outer ring is actually lower than
the final rate for the previous season. The inner ring rate is higher but
dropped to the same rate within two weeks and continued to drop until the
end rate was approximately L/4 that of the previous season.

On two occasions during the testing season the effect of depth of water
in the seepage rings on the seepage rate was determined. For these tests,
with the inflow shut off, the water was allowed to drop during the day
noting the drop for hourly periods. At the end of the day the floats of
the automatic controls were set down approximately 6 inches thereby lowering
the water level an equivalent amount by the next morning. This procedure
vas repeated until near zero depth was reached. The water was then brought
up by successive steps until maximum depth was again maintained.

Plots of these tests are shown on figures 9, 10, 11, and 12, For the

inner ring the rates when successively dropped are very near those when
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«)le
successively raised for both the August and October tests, For the August
sotermination the two rates were practically the same for the outer ring
(see figure 10). However, there is a radical difference in the depth versus
scopage rate for the October determination on the outer ring, figure 12.

A method of solving for the permeability K for the seepage rings was
Prasented in the 1951 progress report. This method utilized the effect of
tepth plot for the inner ring. By projecting the lines representing the
tepth-seepage rate relationship until zero depth was reached, a value for'
the seopage rate was determined when the water level and the ground surface

soincide. Using Darcy's equation:

| h
g% Xy (2)

vhere q 1is the rate of flow per unit area, K 1is the permeability, h
{s the hydraulic head and 1 is the length of the soil column. A%t zero

depth of water above the ground surface, h and 1 are equal so that 1%

equals unity and q equals K at this point. This value of K is 0,085
foot per day for the August determination and approximately 0,100 for the
Jotober test for the inner ring.

In the 1950 progress report (7) another method of determining field
fermeabilities by the use of the seepage rings was presented. This mothod
vis developed by Mr. R. E. Glover of the U. S. Bureau of Reclamation (4).

\ cylinder which had been pressed into the soil for approximately helf its
'sngth, is filled with water and the soil allowed to dempen to at least the
Yttom of the cylinder. The cylinder is then refilled with water and the

e required for the water to drain away is noted. The formula developed

¥/ Glover is .

L H+1+C
R = 7logs (g )
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( s the permeability in feet per day, L 1is the equivalent length of
,ﬂ!ndﬂf through which percolation can be assumed to occur, T is the time
rar tﬁg.wgtef to bé drained away after being filled to a depth H, =and C
(s the cﬁpilléry tension. For the Bellvue seepage rings the depth H was
.;;roxir'nately 2 feet and the equivalent length L was the embedded length
‘1 foot) plus 0.285 times the dismeter. The soil was assumed to be satu-
~stad because water had been in the‘rings for two months, so that C was

ysr0. The following tabulation shows the permeability as determined by

wnis method as well as that obtained by the "Effect of Depth" tests.

Permeability K

Date Seepage Glover Effect of
1951 Ring Depth
Ft/day Ft/day
‘Aug. Inner 0,100 0.0856
Oct. Inner 0.118 0,090
Aug. Outer 0.190 0.135
Oct. Outer 0.198 0.170

"ese tests g;ive e fairly close correlation in the determination of the

ierneability by the two methods.

Aftér the rings had been operatihg for approximately 2-1/2 months it

tetame apparent that although the seepage rate, as shown by the twice daily

‘torvations was fairly constant, there seemed to be a variation in rate

fr23 hour to hour as shown by the drop tests. To check this variation the

"% of drop was measured for two hour periods continuously for over two

“y3. Figure 13 is a plot of the results. Shown are the inner and outer

"5z rates corrected only for evaporation and those corrected for both

n

¥oration and temperature.

This plot shows variations which could not
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pe attributed to errors in observation since the rings were independently

operated and there are variations which are common to both rings. The lowest

2 secpage rates are essentiallx opposite the highest water temperatures with
the higher rates approximately four hours later.

Figure 13 also shows plotted to the same scale es the water temperature,
the soil temperature at one foot depth which was determined at another loca=-
tion where only natural vegetative cover existed. The soil temperature at [ ]
one foot.depth under the seepage rings probably differed from this tempera-
ture because of the insulation of the two-foot depth of water. However,

this is presented as a possible reason for the 50 percent varistion in

seepage rates over a period of a few hours. The increesing temperature of

the water as it percolates through the soil causes deposition of air in the

\ form of bubbles which clog the openings. Conversely, for a decreasing l
temperature of the water air would be held in solution in the water and the
sir in the soil would be dissolved thereby increasing the permeability in ‘
the soil. !
In order to determine the effect of the seepage from the seepage rings l
¢a the ground water elevations, piezometers were iéstalled around the rings
t2d in a line leading toward the Poudre River. Weekly measurements were I
*ade of the water levels in the piezometers and the elevation of the water
in the river. Figure 14 shows the results. The fluctuations in the ground
witer elevations seem to be due only to the fluctuation of stage of the
foudre River nearby. This is true of the piezometers in the inner ring as

*11 as those outside the seepage rings.

Seepage Meter Tests = During the 1951 season ninety-five determinations

'
* the secpage rate at the Bellvue rings were made with seepage meters. i
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over sixty of these tests were made with tho SCS seepage meter with each
test immediately repeated as a check. The SCS meter and the Bureau meters
gore generally installed side by side in the outer ring and left in place
for periods ranging from a week to two weeks, The first seepage determina-
tion wvas usually made within a day aftef installation with further tests
continuing at two-day intervals.

The results of the tests are shown plotted on figure 8 and are tabulated
{n table 2. Comparisons of these results show that relatively, the rates
tound by the two methods are of the same order., However, quantitatively
there are some fairly large variations. Generally, the seepage meter rates
wre greater than the inner ring rates and less than the outer ring rates.

Well-type Permeameter Tests - For the purpose of comparing the permea-

tilities as shown by the well-type permeameters and those determined by the
120page meters and rings, tests were made at a number of locations around
*he outside of the rings. In addition, one test was macie inside the oute;r
ring after the water had been shut off and the ground surface dried up.
figures 15, 16 and 17 are representative tests out of 10 individual tests
tade during the season around the outside of the rings. Values of K,

t{ter constant rates were attained, range from 0,25 to 0.50 feet per day.
Ygh initial rates of from 5§ to 6 feet per day are shown. However, for the
“3t made within the outer ring, a constant rate of near 1,80 feet per day
‘¢ shown, (See figure 18).

M+idre Supply Plot Seepage Tests

Th9 seepage tests at the Poudre Supply plot were started in 1951. This
"“'% was selected because of the existence of a fairly heavy clay soil and

e &vailability of water from the Ft. Collins City water line,
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Table 2,=-=

Comparison of Seepage Ring and
Seepage Meter Measurements of Seepage,
Bellvue laboratory Plote

Seepage Rings Seopage Meters

Time Inner OQuter SCS Plestie SCS USBR

Rate Rate Rate Looce Rate Rate
1951 Ft/day Ft/day Ft/day Ft/day Ft/day
6-19 0472 1.1 A 1,34
6-21 0.51 0.99 A 1.08
6-23 0.48 1,03 A 0.92
6-25 0457 1,20 A 0.93
6-27 0.52 1.27 A 0.80
6-29 0.47 1.26 A 0.84
7-2 0454 1,18 A 1.06 1 1.59
7-4 0045 1,00 A 0.84 1 1.25
7"6 0‘42 0.82 A 1.07 1 1.09
7-11 0.36 0,72 B 0466 2 2,23
7-13 037 0.68 B 0,42 2 1,18
7-18 0.22 0.55 B 0.30 2 0.95
7-20 0432 0.55 B 0,30 2 0.92
7-24 0.31 0457 c 1.43
7-26 0.30 0,52 c 1,05
7-27 0.27 0,46 c 0.79
7-29 0.29 0.43 c 0.58
8-8 0,23 0,32 D 0.24 3 0.31
8-10 0.25 0429 D 0.24 3 0430
8-153 0,24 0,33 D 0.25 3 0.29
8-17 0.22 0.23 D 0.23 3 0.24
8-22 0.21 0.24 D 0.19 EE 1,09 3 0.22
8-23 0.21 0.24 EE 0.84
8-24 0.18 0.24 EE 0.85
9-5 0.19 0,40 E 0.25 4 0,40
9-7 0.19 0,42 E 0,21 F  0.82 4 0,33
9-10 0.19 0.39 E 0,18 F 0,46 4 0,28
9-12 0,17 0.33 B 0,15 F  0.35 4 0,36
9-14 0.17 0633 B 0.16 F 0,34 4  0.25
9-17 0417 0e33 E 0.15 F  0.34 4 0424
9-19 0417 0.37 G 0,96 H  0.68 5 0.95
9-21 0,18 0,41 G 0.88 H  0.56 5 0,72
9-24 0617 0438 G 0,99 H 0,71 5 0.62
9-26 0.16 0.36 G 0.8 H 0.68 5 0457
9-28 0.18 0.40 G 0483 H  0.44 5  0.55
10-2 0.14 0.37 I 0,27 J  0.29 6  0.44
10-3 0.17 0.41 I 0.25 J 0.26 6 0439
10-6 0.17 0,36 1 0,21 J 0,21 6  0.33
10~9 0.17 0.39 I 0,20 J 0,21 6 0,32
10-12 0.20 0.37 1 0.20 J 0422 6 0431
10-16 0.19 033 X 0,31 L 0,41 7 0.28
10-19 0.15 0.24 X 0,25 L 0.3 7  0.23
10-24 0.14 0.22 K 0.2 L 0.23 7 0,18
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Soil end Water Analysis ~ For the purpose of making a study of the

soil characteristics, soil samples were taken with & soil auger at two

jocations on opposite sides of the seepage rings. Samples were taken each
foot down to 7 feet at one location and to a depth of 8 feet at thHe other

location. Tests and measures taken te indicate the detailed nature of the

goil in this area include:
a. Atterburg limits ' I
b. Mechanical enalyses
c. Salinity tests
d. Disturbed permeability tests

A summary of these tests is given in tables 3, 4, and 5. !

The liquid limit, plastic limit and plesticity index were determined
in accordence with methods set forth by the American Society of Testing ?
Vaterials. The plasticity index which is a mesasure of the moisture content
over which a soil is plastic has a large value fﬁr the 0-1 foot sample on
the east side and for the 0-1 and 1-2 foot samples on the west side of the
teepage rings. This would indicate that the soil was highly impermeable
ar those depths. For greater depths, a classification of feebly plastic
* friable was determined using the Atterburg Classifiocation Index.
The mechanical analysis of the soil was made using the procedure pre-

1ated by the American Society of Testing Materials. Sodium silicate was

“%d a5 the dispersion agent., Size distribution curves for each of the
“2pling locations are shown in figures 19 end 20 and a summary of the
ults is given in table 5. The soil wes classified according to the
| "3, Bureau of Soils specifications., For the location on the east side

" the rings a loam soil existed for the first one foot depth. From one




faple 3.~= Lo1l Analysle = Foudre Jupply Plot
Atterburg Bureau of X
Sample Liquid Plastioe Plastieity Classification Soils Disturbed
Depth Limit Limit Index Index Classification Sample
Feet Ft/day
Bast Side of Seepage Rings = 4 feet out.
0=-1 38,9 19.9 19,0 Highly Plastic Loam 0.20
1-2 30.7 20.1 10.6 Medium Plastic Sandy Loam 0.90
2=3 25.0 19,1 5.9 Feebly Plastic Sandy Loam 0.70
=4 23.8 21.8 2.0 Feebly Plastie Sandy Loam 1.20
4-5 23.9 19,9 4,0 Feebly Plastioc Sandy Loam 0.80
5-6.8 18.5 18.2 0.3 Friable Sandy Loam e
West Side of Seepage Rings - 4 feet out.
0-1 52.8 27.0 25.8 Highly Plastic Silty Clay 0.05
1-2 48,8 2246 2642 Highly Plastic Silty Clay 0.03
2=3 29,2 19.2 10.0 Medium Plastio Sandy Loam 0.35
3=4 24,5 163 8.2 Medium Plastic Sandy Loam 0.18
4=5 2347 ‘ 16.7 7.0 Feebly Plastic Sandy Loam 0.22
5=7.9 19.2 16.1 3.1 Feebly Plastic Sandy Loam 0.45




Teble 4.,~- Chemical Analysis of Soils
Poudre Supply Plot i
|
Total Total ‘
Depth pH Soluble Grav, Organiec Ca CO
Sample Paste 1:5 Salts Salts Material (L:'Lmej5
Feet Percent Percent Percent Percent
East Side of Seepage Rings - 4 feet out,
0-1 7.1 T4 0.11 <045 1.2 0.4
1-2 7.1 7.3 0.08 <0.5 0.9 0.5
2-3 T2 7.3 0.05 <0.5 0.7 0.4
3=4 7.6 7.8 < 0,02 <0.5 0.6 13.4
4-5 746 7.9 < 0,02 <0.5 0.3 18,8
5-6.8 7.7 8.0 < 0,02 <0.5 0.2 26.6
West Side of Seepage Rings - 4 feet out.
0-1 6s2 6.9 0.13 < 0.5 1.5 0
1-2 6.6 7.0 0.11 <0.5 1.2 0
23 7.4 7.6 0.08 <0.5 0.7 1.6
3-4 7.4 7.6 0.05 <0.5. 0.5 1.6
4-5 Ted 7.6 0.05 <045 0.6 0.7
5=7.9 Te7 7.9 < 0,02 <0.5 0.2 9.5




Table S5.== Combinod Mochaniocal Analysis of Soills
Poudre Supply Plot

UsSe Burecau of

Fine Coarse
Sample Colloids Clay Silt Sand Send Gravel ©  Soils
Depth »001 mm  .001-.005 mm ,005-.,05 mm .,05-.25mm 425-2,.0mm 2,0 mm Classification
Feet Tercent Percent Percent Percent Percent Percont
East Side of Seepage Rings = 4 feet out.,
0-1 5¢5 11.0 3845 28.0 17.0 0 Loam
1-2 3.0 11.0 29.0 3845 18.5 0 Sandy Loam
2«3 3.0 645 20.5 43.0 2740 (0] Sandy Loam
3=d 2.0 8.0 22.0 4140 27.0 0 Sandy Loam
4-5 4.0 10.0 19.0 36.0 31.0 0 Sandy Loam
5-6,.8 2.0 11.0 21.0 46,0 20.0 0 Sandy Loam
West Side of Seepage Rings = 4 feet oute
0-1 0.0 5.0 73,0 15.0 7.0 0 Silty Clay
1-2 0.0 2040 51.0 19.0 10.0 0 Silty Clay
2«3 0.0 7.0 31.0 40.0 22.0 0 Sandy Loam
3= 6.5 545 31.0 38.0 19,0 0 Sendy Ibam.
4-5 4.0 9.0 26.0 37.0 24.0 0 Sandy Loam
5=7.9 4,0 5.0 15,0 43.0 33.0 0 Sendy Loam
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foot dovn to the 1limit of the sampling at 6.8 feet, a sandy loem is indi-
cateds A silty clay existed for the upper two feet at the location on the
gost wide of the seepage rings with a sandy loam from 2 to 7.9 feet.

A chemical eanalysis of the soil is given in table 4. All the éamples
are alkaline in reaction except 7 and 8 which are weakly acid. There is
rot & significant amount of total soluble salt present in the samples and
gone contain an agpreciable amount of gypsum. As would be expected, samples
], 2 and 7, 8 which were taken near the surface, have the highest organio
ratter content. All the other samples are quite low in organic matter.
samples 4, 5, 6 and 12 have a high lime content.

An analysis of the water, which was taken from the Ft. Collins city
smater line, is given in table 1. This water contains a very low percentage
of impurities and should have no effect on the seepage measurements,

Permeameter tests of disturbed soil samples were run in the manner
desoribed in the 1950 progress report (10). Approximately 350 gms. per
- sample were dried theﬁ ground and passed through a 2-mm sieve. The sample
ras poured into a 2.5-inch (OD) lucite percolation cylinder from a height
of 21 inches above the base using a funnel and rubber hose. For compaction
the sample was dropped ten times on a block of soft wood from a distance of
2.5 ems In order to eliminate as much trapped air as'possible, weter was
initially allowed to percolate up from the bottom of the sample (2). The
totual tests, however, were made with the water percolating dﬁwnward.

Percolation rates were obtained on duplicate samples for a period of
from 15 to 17 days. Shown on figures 21 and 22 are the average computed
Prmeabilities for the duplicate samples plotted against time. Generally,

e rates for the samples taken on the west side of the rings were Jlgwer




Permeability K - Feet per Day

'*( ; | 1 | ‘\ Te o wa)
| Permeability Tests
N | JE Disturbed Samples
4 | | Poudre Supply Plot
! 195l
L | ]
AN
I Location -
East Side Seepage Rings —4 Feet Out
AW

o O-l Foot Sample

o -2 "

a 2-3 U. S. DEPARTMENT OF AGRICULTURE

6 3-4 " " SOIL CONSERYATION SERVICE, RESEARCK

A 4-5 " " R. M. SALTER, CHIEF
Corrected to 60° F

=l

Time -Hours

—O0——0 wi O % —O— O— N - A - T,
0 100 150 200 250 300 350 400

450

12 2nbig




RRRR————

Permeability K - Feet per Day
o

30 r \ \ 1
Permeability Tests

o Disturbed Samples |
i Poudre Supply Plot

N

o)

195l
| e

Location

s | -2

¢ l-2 .
: g2 o
A 4-5 .
~ 5-79

"
n
"

| |

West Side Seepage Rings—4 Feet Out
O-1 Foot Sample

l

S
8 \l
j: @(v\\m B
0.5 T~ S ol _D/O\D\\D\\&\N A I
m\k I N |
. | B naa = o S [
_jw—c\ﬁl" : ‘1‘15 j?_‘b_!_a_éh 2 R. M. SALTER, OHIEF
0 5 100 150 200 25 300 350 400

Time -Hours

450

22 ainbig




«17-
than those from the east side. The permeability of the upper two feet on
the west side is extremely low, about 0.04 foot per day. For the upper one
foot on the east side the value of K was 0.20 foot peir day. In either
case the permeability increased with an increase in depth of sﬁmple. The
permeabilities after fairly constant rates were maintained ranged from 0.20
to 1.20 feet per day for the east location and from 0.03 to 0.45 for the
west location.

Seepage Rings - The Poudre Supply Plot is located on a corner of land

ovmed by the U. S. Bureau of Reclamation at Station 226+00 of the Poudre
Supply Canal. This location was chosen because of the existence of a fairly
heavy clay and the availability of suitable water. The seepage rings, which
hed formerly been installed at the College Horticulture Plot, were moved

end reinstalled at this location in the spring of 1951. Figure 23 shows

the seepage rings and accessory equipment.

Water was first turned into the rings on June 19, 1951, and continuous
tests were made until November 9 when the weather became too cold to con-
tinue. In addition to the customary readings, a record was kept of evapﬁra-
tion from a standard Weather Bureau Class A evaporation pan. Very soon
after the rings started operating, difficulty wes encountered in that the
teepage rate from the inner ring was so low that the water meter ceased to
function. This difficulty was overcome by filling the ring once each day
tnd checking the seepage by noting the drop in the water surface. This
tame difficulty was encountered to a lesser degree in the outer ring after
8bout two months of operation. From then on the water was allowed to run
Into the ring during the day but was cuﬁ off over night. The seepage

during the night was determined from the drop in the water surface.
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Figure 23.-- Seepage rings at Poudre Supply Plot
with evaporation pan in foreground.
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The observed seepage rates as well as data on water depths, water tem-
Paratures and barometric pressures are plotted on figure 24. The seepage
rstes were corrected for evaporation by applying a factor of 0.70 to the
-easured evaporation and then reducing the measured loss from the ring by
this amount. From the very start the inner ring rate was very low, about
1,025 foot per day. This rate gradually increased for about three weeks
mtil & maximum of 0.60 foot per day was reached. After that time, a
gradual decrease is noted until a rate of almost zero was maintained. In
fact, at times, it was almost impossible to separate the seepage and the
eraporation. The rates from the outer ring were much larger, however. An
{nitial daily rate of approximately 0,30 foot was maintained practically
tonstant for a period of one month. After that time a fairly rapid decrease
ia rate is shown for sbout two weeks when the rate again became fairly
tonstant at epproximately 0.05 foot per day. Thers is a gradual decrease
for the remainder of the period until at the end when a rate of 0.02 foot
ter day was reached. A sudden increase on October 22 is noted a:[:ter a
vry oold period during which time there was & sharp decrease in the water

‘amperature.

During August and again in October, tests were made to determine the
|ffact? of the depth of water in the rings on the seepage rate. Figures
% and 26 are the results of these tests for the outer ring. The August
‘stermination shows rates which ere much lower for the greater depths than
“® October test. However, the October test was made after an extremely
“ld period which seemed to have the effect of speeding up the seepage rate
fon the outer ring. According to the procedure previously described, a

"lue of K for the August tests of 0.005 foot per day was found and a
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value of 0,020 for the October test.

By using Glover's method (Equation 3) the computed permeability for
the outer ring was 0.016 foot per day for the August test and 0.052 for the
pctober test. In both cases the capillary tension was assumed to be zero
and the soil saturated. Although the results computed by this method are
of the same order of megnitude as those determined by the "Effect of Depth™
tests the actual rates differ considerably. It should be kept in mind, .
however, that the rates are very small end it is probably not important
vhether the rate was 0.052 foot per day or 0.020 foot per day. Because of
the extremely low seepage rate from the inner ring, the effect of depth
tests gave erratic results. The unavoidable errors in the seepage and
evaporation measurements were so large proportionately that theyoversha-
dowed the effect of depth,

Piezometers, approximately eight feet long, were installed at four
locations ten feet out from the outer ring and another, one foot out. In
addition, four piezometers 3, 4, 6 and 8 feet deep were placed in the
imner ring. "Weekly measurements were made of these piezometers. At no
time during the season was free water apparent in the piezometers which

indicated that the soil never became saturated.

Seerage Meter Tests = With the exception of the first series of tests

%ith the SCS seepage meter which was made in the inner ring (location A),

1l the tests were conducted in the outer ring. Thirty two tests were made

¥ith the SCS meters and twenty seven with the USBR meters. These tests are

thovm plotted on figure 24 and are shown in tabular form in table 6. For

location A, a rate much lower than the inner ring rate was initially observed.

However, the rate kept increasing until a comparable rate was reached after
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Table 6.-~
Seepage Meter Measurements of Seepage,

Poudre Supply Plot.

Comparison of Seepage Ring and

Seepage Rings

Seepagu Maters

Time Water Inner Ring Outer Ring USBR
Depth Rate Rate Loc, Rate Loc, Rate
1951 Ft. Ft/day Ft/day Ft/day Ft/daey
7-3 1.83 0.042 0,256 A 0,006 - -
7-4 1,83 0.046 0,252 A 0.003 -
7-6 1.87 0,052 04256 A 0.004 -
7"'11 1.88 0.060 0.220 A 0.00’5 - -
7-13 1,88 0.052 0,225 A 0.010 - -
7=-17 1.88 0.037 04265 A 0.019 1 0.030
7-18 1.88 0.030 0,270 A - 0,022 1 0.021
7-20 1.88 0.023 0.265 A 0,023 1 0.021
7-25 1.89 0.018 0.155 A 0.022 1 0,019
8-9 1.88 0.007 0,053 B .0.002 2 0.015
8~10 1.85 0.009 0.055 B 0.001 2 0.014
8-17 1.88 0.008 0,056 B 0.001 2 0.013
9-5 1,87 0.008 0,047 C 0,001 3 0,011
9-7 1,89 0,006 0,041 C 0,001 3 0,011
9-10 1.88 0.010 0,045 c 0,001 3 0.010
9-12 1.90 0.008 0.041 C 0.002 3 0,013
9-14 1,90 0,008 0.042 C 0,001 3 0.015
9-17 1.90 0,007 0.040 C 0,001 3 0,017
9-19 1.88 0,006 0.045 D 0,192 4 0.038
9-21 1,94 0,009 0.040 D 0.154 4 0,040
9-24 1,88 0,006 0,038 D 0,142 4 0,034
9-26 1.87 0,009 0,041 D 0.141 4 0,032
9-28 1.90 0.007 0,039 D 0.138 4 0,032
10-2 1.90 0.007 0.037 E 0.044 5 0.019
10-3 1,89 0.008 0.037 E 0.048 5 0.022
10-6 1.85 0.009 0,033 E 0.062 5 0,028
10-10 1.90 0,008 0,032 E 0.092 5 0,037
10-12 1.90 0.007 0,035 B 0.101 5 0.035
10-15 1.90 0.010 0.034 E 0,103 5 0,031
10-16 1,89 0.010 0.033 E 0,100 5 0,035
10-19 1.89 0,007 0,033 F 0,024 6 0,034
10-24 1.75 0.006 0.075 F 0.018 6 0,035
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about two weeks. There is considerable variation between the rates as
shom by the two methods, Wide variations in the soil in the outer ring
po doubt caused large differences in the results because the seepage shown
by the seepage meters would depend on the type of soil in which they were
installed whereas the seepage for the outer ring was the average for all
the types in the ring area.

Well-type Permeameter Tests - The well permeameter tests were made

according to the procedure previously described. A total of eight tests
vas made at locations which completely encircles the seepage rings. Thése
locations were approximately ten feet out from the outer ring. Each hole
was about 18 inches deep with the water being held at about one foot in
depthe Figures 27, 28, 29 and 30 are plots of representative tests. These
tests show a five-fold variation in the final value of the permeability,

0.09 to 0.50 foot per day. Some of these tests acted in a very erratiec

manner as is seen in figure 27. For this test an initial rate of 0.057 foot
per day is showm followed by a sharp decrease to about 0.010. After this
point there is a steady increase until the rate leveled off at 0,09 foot

per day. Here also, the large differences in the results of the different
tests can be explained by differences in the soil at the various locatious,

Poudre Supply Canal Seepage Tests

The first release of water from Horsetooth Reservoir of the Colorado
Big Thompson Project was made in July 1951, This water is carried by the
Poudre Supply Cenal to the Poudre River. Because of changes in grade when
tworging from a lined into en unlined section and from the unlined back to a
lined section, a natural pool was formed between Stations 167+50 and 186+00

¥hen the water was cut off. This pool averaged about 1.5 feet deep when

e ——
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yater stopped running from the section. Tests were made of the seepage in
July and again in August after the pool had been refilled by en unusually
poavy raine.

Ponding Tests - Since the pool used for the measurements was 1850 feet

long it was necessary to mount a staff gage at each end. This was done so
that the effect of the wind piling the water up on either end could be com-
pensated for. The results of these tests, table 7, show that the rates
obtained during the first pool filling were considerabd¥ higher than those
obtained at the second filling. It should be pointed out that the first
test was also the first time that water had been in the canal. The second
test, where the rate was only one-fourth that for the first test, was made
after flooding had filled the pool with heavily silt-laden water.

Seepage lHeter Tests - GSeepage meter tests were conducted at the same

time that the first ponding test was being made. Both the SCS and the USBR
type seepage meters were used with installation being made together near
the center line of the Canal., Some difficulty was encountered in setting
the meters because of the existence of bed rock along the bottom in part of
the section. Because of shallow water it was impossible to set the meters
on the side-slopes of the canal., Table 8 gives the results of these tests.
Except for the installation at Station 181454, the rates are all consi-
derably below those for ponding. The seepage from the sides of the canal
was probably much greater than the bottom because of the stratification

of the soil,

North Poudre Sup»ly- C2ual Soopage Tosts

At the request of the U. S. Bureau of Reclamation, the Division of

Irrigation Engineering cooperated with Chester W. Jones of the Bureau in
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Table 7.,-- Pool Measurement of Canal Seepage,

Poudre Supply Canal - Sta, 167+50 - 186+00,

—_— - —

Average Drop Evaporation Length
Dete Time Depth Wetted Average for for Corrected of Drop Seepage
Water Perimeter Width Period Period Drop Period

1951 Ft. Ft. Fte Fte Fte Fte Days  Ft/day Ft/day
7-25 9:40A 1,71 3842 37.1

7-25 4 :55P 1.60 37.8 36.8 0,110 0.016 0.094 0.302 0.312 0,303
7=26 9:20A 1.41 3761 3642 0.190 0.014 0.176 0.684 0.258  J,252
7-26 4:10P 1.32 3648 36 40 0.090 0.014 0.076 0.284 0,267 0.260
7-27 8:45A l.14 36,1 35.4 0.180 0.010 0.170 0.690 0.246  D.241
7-27 4:20P 1.06 35.8 35,2 0.080 0.007 0,073 0,316 0231  0.227
7-28 9:38A 0.92 3543 34,8 0,140 0.007 0.133 0.719 0.185 0.182
7-28 5:25P 0.84 35.0 34,5 0.080 0.014 0.066 0.326 0.202 0.199
7=-29 9:30A 0.71 34,5 34,1 0.130 0.009 0.121 0.670 0.180 0,178
7-29 6:45P 0.64 34,3 33.9 0.070 0.011 0.059 0.385 0.153 0151
7-30 9:35A 0.54 33.9 3346 0.100 0.006 0.094 0,618 0.152 0.150
7-30 4 3;05P 0.49 33.7 3345 0.050 0.008 0.042 0.270 0.156 0.155
7-31 9:15A 0.39 33.4 3342 0.100 0,010 0.090 0.7156 0.126 0.125
7-31 4:15F 0.34 3342 3340 0.050 0.008 0,042 0.291 0.144 0,143
8~1 9:10A 0426 32.9 3248 0.080 0.012 0.068 0.705 0.096 0.095

Pool Refilled by Flood

8-8 4:10P 1.66 38.0 37.0

8-9 4:20F 1,56 37.6 3647 0.100 0.022 0.078 1.01 0.077 0.075
8-10 4:201 1.47 373 3644 0.090 0.016 0.074 1.00 0,074 0.072
8-12 5:20. 1,30 367 3549 0.170 0.042 0.128 2,04 0.063 0.062
8-14 6:10P 1.10 35.8 3543 0.200 0.038 0.162 2.03 0.080 0.079




Table 8,--

Poudre Supply Canal - Sta. 167+50 - 186+00.

Seepage Meter leasurement of Canel Seepage,

b i

Date Station Seepage Meter Seepage Rate
1951 Type Ft/day
7-27 172430 USBR 0.005
7-27 172+30 SCS 0,004
7-25 174431 USBR 0.006
7-26 174+31 USBR 0.007
7-25 174428 SCS 0.009
7-26 174428 SCS 0.005
7-26 177479 USBR 0.038
7-27 177479 USBR 0.023
7-26 177+76 SCS 0.001
7-27 177476 SCS 0.001
7-24 181455 USBR 0.149
7-25 181+55 USBR 0.139
7-24 181+54 SCS 0,109
7-25 181454 SCS 0.098
7-27 183+78 USBR 0,000
7-27 183478 SCS 0.004

T T
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gaking a series of well permeameter tests along the center line of en
unlined section of the proposed North Poudre Supply Canal of the Colorado
Big Thoﬁpson Project. Observations were made on five locations between
stations 245+45 and 257+90., The equipment at one of the locations is showm
in figure 31. Soil samples were also taken et various points along the
reach. Results of the soil analyses are shown in table 9. This analysis
shows that the soil varied from silt and silty clay to poorly graded sand
pear the north end of the reach,

Thetpermeameter tests were made with holes about 6 inches in diameter
end depths varying according to the amount of excavation at that point.
Observations were carried on day and night for a week during the month of
Vay. Figures 32, 33, 34 and 35 are plots of the results. The tests at
Stations 246+48 and 254+76 wore continued for a much longer period than the
others, A study of these plots indicates that the permeability K probably
ranges between 0.20 and 0.30 foot per day after a test period of about 5
days. This value of permeability may be used in the equation developed by

Muskat (6), which is:

@ = B2 (4)
where
Q = The seepage in cubic feet per square foot of area
per day.
K = The permeability determined by the well permeameter
test in feet per day.
B = Width of water surface in the canal.
H = Depth of water in the canal,
WP = Wetted perimeter of the canal,
—_— )
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Figure 3l.-- Equipment for well permeameter test,‘
North Poudre Supply Canal,.




Table 9.-- Soil Analysis,
North Poudre Supply Canal.
(Classiflcatlon by Bureau of Reclamation)

- Depth of Classification
gtation Sample (Adapted from (A.C.) system by Casagrande)
246+35 0.0- 1,0 SILT--Some clay. Presence of roots. Dark

brovm color (topsoil)

2,0- 3.0 CIAY, LEAN--Moderately plastic. Slightly
silty. WNo sand. Dark brown

3.0- 4.0 SILT--Light brovm

4,0~ 8.0 SILT--Trace of clay. Medium brovm
8;0-12.0 SILT--Trace of clay. Some very fine sand.
Medium brown
248+48 0.,0-13,0 SILT--Trace of clay. Reddish brown
248455 0.0~ 3.0 CIAY, LEAN--Slightly plastic. Very silty,
Dark brown (topsoil)
340~ 5.7 SILT=-}Medium brovn
250480 1,0~ 2.0 SILT--Trace of claye. Medium brown
2.0- 5.0 SILT--ifedium brown
5,0~15.0 SILT~-~Some fine sand. ifedium brown
15,0-16.0 SAND WITH EXCESS SILT--Sand fine to medium.

Very silty. About 10 percent gravel, maximum
size 1 inch.

16,0~17.0 SILT--Trace of clay. Light brown.
254473 1.0- 7.0 SILT=-Trace of fine sand. Medium brown
265+65 2,0~ 4.0 SILT~-Trace of clay and organic matter. Dark brown

4,0- 7.0 SAND WITH EXCESS SILT-~Sand fine. Very silty,

Medium brown

7.0- 8.0 SAND POORLY GRADED--Sand predominatly fine,
Silty. Trace of coarse sand and gravel,
' ! maximum size &/4 inch. Medium brown

8.0~ 9.0 SAND POORLY GRADED--Sand predominatly fine. Some
medium to coarse., About 25 percent gravel,
maximum size 2 inches

256+86 0.0~ 2.0 SILT--Trace of cley end organic matter (topsoil).
Dark brown
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Solving this equation between the two limits of permeability gives values
for the actual seepage loss from the canal as ranging from 0.24 to 0.36
cubic foot per square foot per day. This value will be checked by a pending
test after excavation of the canal has been completed.

A daily varietion in the permeability is indicated on figures 32 and
34, This same occurrence was noted for the seepage rings at Bellvue when
readings were taken continuously over a period of several days., This
variation is not caused by the actual difference in the temperature of the
water because the variation in the rate is still apparent after all the
temperatures were reduced to 60° Fahrenheit. The variation may however,
be due to the difference between the temperature of the water and of the
soile If the water became colder as it percolated through the soil, air
would be absorbed and consequently the seepage rate would increase. If the
wvater was warmed by the soil the seecpage rate would be decreased. The
significant feature is the direction of the temperature gradient. Since
this fact was not recognized at the time the observations were being taken,
no attempt was made to measure the soil temperatures and consequently tﬁere
is no way of knowing what the actual temperature gradients were.

Arthur Ditch Seerage Meassurements

During the 1950 testing season several inflow-outflow measurements
were made on a 1925 foot reach of the Arthur Ditch which flows through the
College Campus along the south side of the Horticulture Plot. The measure-
ments which were made with a current meter, gave fairly consistent percen-
tages of seepage loss from the section. In 1951 inflow-outflow measurements

were again made using the same method at the same measuring sections. At
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this time practically every determination showed & gain in the section.
A cl&se inspection of the reach showed that there was no apparent side
inflow within the section., These results confirm the conclusion previously
reached that the normal error in current meter measurements may be greater

than the seepage losses,
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DISCUSSION OF RESULTS

Although the seepage rings at the Bellvue Laboratory had been operated

for several months the previous season, the seepage rate continued to

decline during the period the tests were conducted in 1951. This indicates

thet the length of time that water has been in a canal is probably one of

the most important factors in determining seepage losses. (See figure 36).

At Bellvue the initial seepage rate for the 1951 season was practically
the same as the end rate for the previous season. At the end of the 195i
season the rate was only 1/4 that of the previous season, For the Hortie
culture Plot seepage rings, the seepage rates after the initial high were
considerably lower during the second season of operation. 1In both cases,
the water was free of sediment and the chemical composition was such that
neither of these items would, in itself, affect the permeabilities of the
soils. The decrease in seepage then must be a result of micro-biological
action (1), the breaking down of the soil particles, and possibly other
factors not determined. -

The seepage rings at the Poudre Supply Plot, although operated for
only one season also showed a marked decrease in seepage over the period.
This installation demonstrated the large range of permeabilities that may
be encountered in even small areas, Altﬁough the site was investigated
end thought to be feirly uniform before the location of the seepage rings,
it was found after operation that the soil on one side of the outer ring
was several timeés more permeable than on the other side. The inner ring,
however, covered an area of uniform permsability.

The observations on the effect of depth on the seepage again demon-

strated the fact that the rate of seepage is not directly proportional to

e
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the depth of water above the ground surface but is proportional to the
depth plus some distance below the surface. According to Israelson (5) the
head resulfing from the depth of water is used up within the upper few inches
of the soil. If this is the case, only a small error would be incurred in
gssuning that the seepage rate varied directly with the water depth pro-
vided the depth was fairly great. The tests on the effect of depth at the
Horticulture, Bellvue and Poudre Supply sites indicate that from several
inches to & foot of scil may be required to use up the head available from
the watef. The more permeable the soil the longer the column of soil that
is required. The two tests at the Bellvue plot showed that the effect of
depth was fairly constant, whereas the tests at the Poudre Supply Plot
varied widely.

The results of permeability determinations using the "Effect of Depth"
tests and the method developed by Glover show a very close correlation for
the Bellvue tests. However, there is a fairly large divergence in the
results of the two methods for the Poudre Supply Plot. At each location
the capillary tension was assumed to be zero. It is possible that a
tension did exist at the Poudre Supply Plot vhich might be.a reason for
the large percentage difference in the results at that location,

On one occasion, after an effect of depth test at Bellvue the seepage
rate increased over that which it had 6rigina11y shovn for the same depth,
The increased head probably temporarily opened enterstices in the soil
which gradually became clogged again,

It was noted at Bellvue that there seemed to be en hourly fluctuation
in the seepage rates. Investigation showed that there was a variation even

after correcting for the difference in viscosities as a result of tempera-
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ture changes., Continuous readings, night and dey, over a period of several
days were made to check this variation. The results, figure 13, seem to
jndicate that the fluctuations which were as much as 50 percent, might be
due to the relationship of the water and soil temperatures and the amount
of trapped air (2). Similar observations on the inner and outer rings of
the Poudre Supply site were inconclusive because the losses were so small
that the errors in the readings and in the evaporation correction obscured
any effect that temperature relations might have on the results, Further
study of this phenomenon is planned for the coming season, It was also
noted that the seepage rate of the outer ring at the Poudre Supply Plot
speeded up materially after a period in October when the temperature of

the water approached freezing. One explanation of this could be that
microbiological action slowed dowvm or ceased because of the low temperature,
thereby casusing the increased rate.

Although water was being fed into the soil continuously at the maximum
rate, there was no effect on the position of the water table in the viecinity
of the seepage rings. The ground water levels at Bellvue as observed with
piezometers are shown in figure 14. This shows that the only apparent
fluctuation was due to the change of stage of the Poudre River ﬁaarby. The
indications are that the seepage rate was controlled at or near the surface
and regions of increasing permeability existed down to the water table.

At the Poudre Supply plot, water was never apparent in the piezometers,
indicating that & saturated zone under the rings never existed. Here again,
the amount of seepage was probably governed at the surface.

Since it had been pointed out that the method of installing seepage

meters (8) might affect the results obtained, great care was exercised in
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jnstalling the meters, Hammering on the meter probably puddles the soil
and reduces the permeability. All the installations during 1951 were made
by stending on the meter or by jacking using an anchor and lever. Two types
of the SCS meters as well as the USBR type plastic bag seepege meter, were
used. Tables 2 and 6 are compilations of the seepage meter data teken
during the 1951 season within the seepage rings and also show the seepage
ring rates at a comparable time. No general trends of the rates can be
geen as was the case of the tests at the Horticulture plot in 1950 (7).
Here the seepage meter showed a high raté soon after installation which
decreased along a smooth curve until the end rate was generally below that
shown for the rings.
gave rates ebove those shown for the inner ring, but less than the rate for
the outer ring. The seepage meter rates at the Poudre Supply plot in heavy
clay were generally below those determined for the outer ring and less than
the rate for the inner ring., In the study made at the University of Idaho
(11), the seepage meter always gave rates which were less than those shown
by a seepage ring in either clay, silt or sand.

In an attempt to develop a calibration curve for the seepage meters,
figure 37 was prepared. This figure shows the correction factors that
should be applied to the seepage meter readings in order to give the same
rate as the seepage ring. The meter was usually installed and left in place
for periods of from one to two weeks and readings were made beginning on
the day of installation and each second day thereafter. The date shown
Tepresent an average of the rates disregarding those made within two days
of installation which should eliminate those readings that might be affected

by the initial disturbance caused by installing the meter. Figure 37 shows

At Bellvue in the sandy loam the seepage meters usually
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that no one single line could represent the data as there seems to be a
soparate ocalibration curve for each type of meter in each location. For
the condition where a high seepage rate exists, the ratio of the results
by the two methods comes nearer to one. The ratios for the different types
of meters seem to fall in the same area in the figure for a given location
of the meters. The rates for the conventional and plestic type SCS meters
are very nearly the same. This would indicate that the presence or
ebsence of sunlight does not materially affect the operation,

The well permeameter tests made during the season in the vicinitylof
the seepage rings, are not directly comparable with the seepage ring rates
since the solution of the formule for the well permeameter gives a2 value of
the permeability K rather than the seepage. However, the effect of depth
tests on the seepage rings yield values of K which can be compared with
the results of the well permeasmeter tests and Qisturbed sample permeability
tests. For Bellvue, the well permesmeter gave values for the permeability
ranging from 0.25 to 0.50 foot per day. These values compare to & range
of from 0,085 to 0,100 foot per day as determined from the effect of depth
tests and 4 to 5 feet per day for the disturbed sample tests. One well
permeameter test made at Bellvue in the outer ring after the water was shut
off and the surface allowed to dry, gave e permeability of 1.80 feet per
day. .

For the well permeameter tests made near the Poudre Supply seepage
rings a range of values of from 0.09 to 0.50 foot per day was determined
for the permeability. In this case, as previously explainea, there was
Considerable difference in the soil in the aréa eround the seepage rings.

The disturbed sample permeability tests gave values of K ranging from




~

L]

-30-

0.,03-0.05 foot per day to 0.20-0.90 foot per day. These values compare to

e range of from 0.005 to 0,020 for K as determined for the outer ring.
A series of well-permeameter tests along a section of the North Poudre
Supply Canal gave values of the seepage to be expected, ranging from 0.24

to 0.36 foot per day. This seepage rate will be checked by ponding after

excavation of the canal is complete.

The results of ponding tests on a section of the completed Poudre

Supply Canal are given in table 7. The rate for the initial filling was

0,30 foot per day es compared to 0,075 for the same water depth at a later
filling, However, the second filling was from flood water which contained
a large amount of silt and consequently would tend to reduce the seepage.

Seepage meter tests along the bottom of the canal at the time of the first

filling gave rates which were much less than those from ponding. This was

probably the result of horizontal permeabilities being much greater than

vertical permeabilities.

Inflow-outflow measurements on the Arthur Diteh which showed consistent

losses in 1950 were again made along the same section in 1951. This time

consistent gains were determined for practically every measurement. This
method of determination should not be used unless the seepage losses are

tremendous as the normal error of measurement may be greater than most

losses.
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SULMARY

A study of the seepage rates as shown by the seepage rings inﬁicatos
that the effect of Fhe length of time that water has been in a canal is
a very important factor in the determination of seepage losses. Although
other factors such as silting and chemical reactions which usual 1y reduce
the seepage rate were eliminated in this study, the seepage rates never-
theless continued to decrease from season to ssason.

"Effect of Depth" tests egain demonstrated the fact that the seepage
rate is not directly proportional to the depth of water in the canal but
is proportional to the depth plus some length of soil column. This means
that there is still seepage at the time that water reaches zero depth.
This phenomenon was utilized in determining the permeability X of the
soil within the seepage rings.

It was noted that after several months of oéeration there seemed to
be an hourly fluctuation of the seepage rates from the seepage rings. This
fluctuation, which was as much as 50 percent, still existed even after the

rates were corrected to & standard temperature. The variation was apparently

due in part of the relationship of the water and soil temperatures,

Piezometers installed within the seepage‘rings as well as in the gen-
eral vicinity, indicate that the operation of the seepage rings had no
effect on the position of the water teble. The fluctuation was due to
factors which had no connection with the seepage ring operation.

Tests with the seepage meters indicated that if care was exercised in
the installation, the rates were approximately in the same range as those
Shown by the seepage rings. In some types of soil it was necessary to

wait several days after instellation until the seepage meter gave a rate
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eomparable to the seepage ring rate. An attempt to develop & calibration
eurve for the seep;gﬁ moters based on a ratio of the seepage ring and
soepage meter determinations was unsuccessful. A separate curve seemed
to exist for each type of seepage meter in a partioulﬁr location,

The results of tests for the determination of the permeability using
the well-type permeameter did not compare favorably with the results of
the tests using the'seepage rings or the disturbed sample permeameterss
the difference is probably due to the fact that the well-permeameter is
nore of a measure of the horizontal permeabilities whereas the seepage
rings are a measure of vertical permeability. It is believed that the
voell permeameter does have merit if used for investigation of seepage
losses from proposed canalse

Ponding tests on a reach of a newly excavated canal also showed the
importance of time in seepage determinations. The rate at the second
filling was only one-fourth that for the first filling. In this instanoce,
howover, silting probably had some effect.s Seepage meter tests on the

tamo reach of canal gave results that were generally much less than the

results of the ponding tests. These large differences were apparently due

% the fact that the seepage meter tests were made in the bed of the canal
¥iereas most of the seepage probably occurred from the side slopes.
Inflow-outflow measurements although carefully made, showed consistent

ftins in e section where large losses were known to existe.
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.FUTURE PROGRAM
With the conclusion of the 1951 testing season, the seepage from sandy
loam, clay loang end heavy clay has been studied with the seepage rings.
Yet to be investigated

is seepage from fine sand end medium clay. The pre-

sent plan is to remove the soil from the rings at the Bellvue Laboratory

down to the underlying gravel and to replace it with sand. This will permit

a study of the seepage as measured by the seepage rings and seepage meters
from a very porous material.

Sinée the surface soil at the Poudre Supply Plot is practically imper=-
meable and the underlying material is knowm to be fairly permeable, there
is a possibility thet the upper one foot or more could be removed and the
rings lowered so that a medium clay could be tested. However, the locaticn
of the rings may have to be changed in order to find the desired type of
soil,

The use of tensiometers in connection with the seepage rings is con-
templated to determine if negative forces are involved.

Further work is proposed in studying the effect of temperature on the
seepage rates as shown by the seepage meters. Soil thermometers will be
installed in the seepage rings for this purpose. The hourly variation in
seopage rates by the seepage rings and well permeameter as previously dis-
cussed, seems to be partly due to the relationship of the water and soil
temperature., This variation, no doubt, also applies to the rate as shown
by the seepage meters. Another effect which may be a factor in the seepage
meter operation is the "scale effect". This means that the ratio of hori-
tontal and vertical permeabilities must be considered in determining the

8ize of the seepage meter if the rate is to be compared with a standard
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pond. The importance of the scale effect will also be investigated.

In order to study the effect of the depth to the water table on the
seopage rate, the construction of some special equipment is proposed. A
watertight tank approximately 12 feet in diameter and 3 feet deep will be
puilt. This tank will be filled with soil and a ring 6 feet in diameter
similar to those used in the seepage ringé will be set inside the large
tank. The small ring will be filled with water and the seepage réte will
be measured when the ground water in the large tank is held at various
levels. Soils of several different types.will be tested.'

A further possibility for study is in the actual excavation of a see-
tion of a small canal after first making well permeameter tests along the
center line. The section need not be more than 3 feet deep, have a 5 foot
bottom with 1-1/?:1 side slopes and a length of from 15 to 20 feet. fonding
tests as well as seepage meter determinations would be made after filling
the pond with water.

If construction of the North Poudre Supply Canal is completed this
season along the section where well permeameter tests were made in 1951,
ponding tests will be made to check the accuracy of the well permeameter
tests. This will probably entail the building of earth dems at each end
of the section. Other sections of the North Poudre Supply Canal, ﬁhich
are not yet excavated, will be investigated for possibility of further
tests with the well-type permeameter. Ponding and seepage meter tests
would then be possible after excavation has been completed.

A possibility for further study of the well-type permeameter may exist
along a section of the Poudre Supply Canal. Although the Canal has been

completed it would be possible to make tests at a distance outside the
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disturbed area on each side of the canal, Intermittent water deliveries
during the 1951 season would permit ponding to check the determinations.
Records will be kept in the same manner as before on temperature,
parometric pressure, precipitetion and evaporation. Study of the physical
and chemical characteristics of the soil in the area under investigation
will be continued. The quality of the water used in the study will also

be tested, Such other tests as may be required for special purposes will

be made when necessary.
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