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PROGRESS REPORT 
---S'I'UDY OF SEEPAGE FROM IRRIGATION CHANNELS · 

1952 
by 

A. R. Robinson and Carl Rohwer 

INTRODUCTION 

One phase of the Lower Cost Canal Lining Program of the 

Bureau of Reclamation is the study of methods of making seepage 

loss measurements. In furtherance of this program, the Bureau, 

early in 19491 requested the Division of Irrigation Engineering, 

Soil Conservation Service and the Colorado Agricultural Experiment 

Station to cooperate with them in making seepage studies. After 

several con!'erences a plan for conducting the study was a greed 

upon and a emorandum of Understanding ASc-875, effective June 30, 

1949, was signed by the coopernting agencies. The Memorandum of 

Understanding has been renewed annually. Work on the project was 

started in the SUI11mer of 1949 and has been carried on continuously 

since that time . 

!he purpose of this investigation is to study the factors 

that cause s eepage and to determine their effect on the rates of 

seepage in order that better methods of measuring seepage from 

existing canals and of forecasting the seepage from proposed canals 

mi~ht be devised. One phase of the study is based on the construe-

tian of seepage rings in different types of soil, from which the 

seepage could be accurately determined and in which a study of the 
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various f~ctors influencing seepage could be made. The seepage 

rates from these rings would also be used as a standard for deter-

mining the accuracy of seepage measurements by different types of 

seepage meters installed within the rings. Actual field use of 

the seepage meters as well as well-type permeameters on existing 

or proposed canals as a means of further improving or calibrating 

the equipment was planned. Complete 'I'Ja ter and soil analyses 

including laboratory permea.meter measurements would be made. 

During the first three years of operation the seepage 

rings were installed in clay loam, sandy loam and clay. Frequent 

measurements were made with tha seepage meters at eaqh location. 

Observations of ground water elevation, rainfall, water and air 

temperature and evaporation were also made at each location. Well 

permea.meter tests were made along the completed Poudre Supply Canal 

and assietance was given in well-penneameter tests along the pro-

posed North Poudre Supply Canal. Inflow-outflow measurements were 

made on the Arthur Ditch and pending and seepage meter tests were 

·made on a. section of the Poudre Supply Canal • . Complete analyses 

were made of the soil at each test location. 

During 1952, the seepage rings were installed in sand at 

the Bellvue Laboratory and sandy loam at the Poudre Supply Plot. 

I~ addition to the observations made as in past years, soil ther-

mometers to record the temperature at one-inch and one-foot depths, 

were installed inside the rings. Frequent observations using the 

seepage meters, were made at each location. Special equipment was 



constructed at the Bellvue Laboratory for the purpose of studying 

the effect of distance to ground water on the seepage rate, and a 

sho.rt canal section was excavated at the Poudre Supply Canal seep-

-age plot for comparing the results of seepage measurements by 

different methods. Well permeameter tests were made before the 

:s-ection was excavated and pending and seepage meter tests were 

made after the section ~~s filled with water. Well permeameter 

tests were also made outside an excavated section of the Poudre 

Supply Canal and pending tests were made in the section after the 

irrigation season • 

. , 

·' 
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I j ·. Seepage 

EQUIPMENT AND PROCEDURE 

Rings 

As explained in previous progress reports (7), (8), (9), 

the seepage rings consisted of two concentric rings, one 6 feet 

and the other 18 feet in diameter. ' The rings · were 'three feet deep 

and were set into the soil one foot thereby forming tanks which 

were two feet deep. (See figure 1.) The water for the Bellvue 

rings was obtained by pumping directly from the Poudre River into 

a storage tan.."< from which the water for the ring was drawn after 

the sediment had settled out, At the Poudre Supply plot the water 

was taken from the Fort Collins city water line. Nater enteri~g 

.• the rings ~~s measured through calibrated, domestic-type water 

meters. Float valves in each ring controlled the flow with the 

inner rings also being controlled with magnetic valves. These 

valves a:!.lowed high rates of flow for short periods so that a more 

accurate measurement of discharge could be made. Hook gages 

mounted in each ring were used to measure any fluctuation in the 

water surface.. For measuring the ground water levels, piezometers 

were installed at locations outside the outer ring as well as at 

different depths inside the inner ring. Soil thermome ters were 

placed in the inner ring, one giving the temperature at one inch 

and the other at one foot below the ground surface. 

Twice-daily observations were made at the seepage rings. 

These observations consisted of recording the flow through the 
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meters, the fluctuatio~_of he~~ater_~~fa~e ~nd the temperature 

of the air, water and soil. The rainfall was recorded using stan-

dard Weather Bureau rain gages. An evaporation pan installed at 

the Poudre Supply Plot gave the data on evaporation and these data 

were also used for the correction for the Bellvue plot. 

Seepage Meters 

A$ described in the 1951 progress report (8), two types 

o~ seepage neters were used in the study • . One type has been 

termed the SCS meter and the other the USBR meter . The SCS meter, 

which is shown in figures 2 and 3, consists of a metal bell, one 

foot in diameter and 6 inches deep. A cup approxi ma tely 2 inches 

in diameter is connected to the bell with a rubber hose. This cup 

together with a hook gage is attached to a stake which can be 

clamped to the side of the ring. The bell of the seepage meter is 

pushed into the soil for approxi rrately half its length. In all 

cases the meters were installed by t wo men standing on the bell or 

by jacking. In no case was the bell hammered i nto the soil. A 

seepage rate determination is made .by tim~ng the rate of drop in 

the small cup and converting this to a rate over the area of the 

bell. 

The USBR meter whi ch is shown in figure 4 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 by a flexible plastic 

hose. The bell is installed in a manner similar to that for the 

SCS mete~. To make a determination with this meter the plastic 



S11pagt Meter 

Figure 2.-- SCS seepage meter. 

Figure 3.-- SCS seepage meter with metal bell. 
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bag is filled with water, weighed and attached to t h e meter with 

the flexible hose. The valve on the top of the bell is closed and 

the clamp on the flexi ble hose opened~ After a prescribed length 

1 of time the bag is removed and again weighed, This gives a seepage 

rate per unit of time over t he area of the bell. 

Well-type Perme~~eter 

The w~ ll-t;')rpe permeameter was developed by the u. S. 

Bureau of Reclamation and is fully described in their Earth }.1anual 

(12). This permeameter which is shovm in figure 5, consists of a 

calibrated supply tank equipped vnth an indicator glass a nd an 

outlet pipe equipped with floa t mechanism. An unoased hole 4 to 

6 inches in diameter and varying in depth with t he horizon to be 

test~d _ is useQ,,_ The hole is partly filled with highly permeable 

sand or gravel to reduce erosion and prevent caving with t he upper 

portion equipped -with a screen casing. A constan t water level is 

maintained in the hole by the float mechanism. The discharge to 

maintain this constant water level is determined by noting the drop 

in the calibrated tank. The tests are continued for a period of 

approxi rr:a tely one week with readings made at frequent intervals 

during t h e day. I~ addition to tank readings, t he temperature and 

depth of water in t he hole are noted. 

Seepage Ring for Ground-Water Elevation Study 

In order to study t he effect of the depth to ground water 

on the seepage rate, s pecial equipment as shown i n figure 6 was 
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constructed. This consisted of a ring 12 feet in diameter with a 

concrete bottom and filled with soil. In this ring was placed a 

ring 6 feet in diameter se~o feet higher than the 12.-foot ring, 

so as to accommodate a two-foot depth of water.. The larger ring 

had a 3-inch thickness of gravel immediately above the concrete 

floor. A one-inch diameter perforated pipe embedded in this gravel, 

served as a drain for the ground water. Removable sections, six 

inches long and attached vertically on the end of this pipe were 

used to adjust the depth of ground water. Three piezometers equally 

sqaced around the outer ring were used to measure the distance to 

the ground water. The inner ring contained a hook gage and two 

soil thermometers. 

The readings taken on the ring were similar to those for 

the seepage rings with the addition of ground water elevations 

taken daily_. The inflow was measured with a domestic water meter 

and vas controlled with a float valve and also a magnetic valve. 

Canal X-Section 

In order to make a comparison of the results of different -----
~thods of measuring seepage, a short canal section as sho>vn in 

figure 7, was constructed. This canal was 18 feet long and 3 feet 

deep, with 3-foot bottom and 1-1/2 :1 side slopes. Water-ti ght 

bulkheads were placed at each end to check the elevation of the 

water sur face. 

Before excavation, well permeame ter tests were made 

along the center line of the section. ~fter excavation, the 
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section was filled vdth water and, . when conditions became stabi-

lized, ponding tests were made over a period of several weeks. 

During the pending tests, seepage meter tests also were made 

along the bottom • .. 



• 

•· 

. •. I 

' • " A • • - i1 , 
... .. ,.. • i . 

·•r ~ ~ 
~- ... ,... • ! 

...... ~ ..... .. ..... ~'-:·· ..c. .. • • ... _ .. _ 
Figure 7.-- Canal Section, Poudre Supply Plot 

I '• 

~-r: >i~·.·:·~;=~ ., ;~ : '.~~.L ~·Jt :~'-~·~' 

Figure 8 .-- Seepage rings at Bellvue . Plot with well 
type permeameter and settling tank in background. 
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I PRESENTATION OF DATA 

Bellvue Laboratory Seepage Tests 
I 

Seepage Rings 

Since seepage tests had been made in the existing 

n:a.terial at the Bell vue IAb'ora tory ?lot for t¥1? previous seasons 

it was desired to make tests on a new, more permeable material. 

A relati\ely coarse, scree~ed sand was chosen for these tests. 

To make the tests the old material was excavated and replaced with 

new material. The excavation was made 'to a depth of approximately 

three feet over an area 20 feet in diameter. The underlying 

material, which consisted of coarse sand and a few large cobbles, 

•• was highly permeable. After the hole had been excavated to the 

desired depth it was refilled with the c?arse sand and the rings 

replaced. The sand was carefully s l1oveled into the rings in layers 

and then compacted by turning water into t he rings. A picture is 

shown in figure 8. 

The mechanical analyses of the soils, which were made 

using the procedure set forth by the American Society of Testing 

Materials, are plotted in figure 9 and tabulated in table 1. 

According to the u. s. Bureau of Soils specification the samples 

of the new material were classified as sand. The underlying 

material consisted of approximately 40 percent sand with the 

remaining 60 percent greater than 2.0 mm. in size~ The chemical 

analysis of the soils showed them to be alkaline in reaction. 
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Sample couo: do 
LocAtion • 00 J. T:lrl 

Pe:-c.;r.t 

0-1 Ft. o.o 

1-2 Ft. o.o 

Underlying 
J'Iateria1 o.o 

Sample pH 
Loce.tion 1:5 

0-l Ft. 7 .. 9 

:;.. •.. ~ Ft" 7. 9 

Unde:r.lying 
Mate:::-ir.l 8.1 

~ 

Table :&.o.... Combined Mechanical Analysis of Soils 
Soepago Rings, Bellvue Lab()["atO'l'!y 

1952 

Fine Coarse 
Clay Silt Sand Sand 

• 

Gravel 
., 001· ·· 005 mm .005-.05 mm .05-.25 nun .25-2.0 mm 2.0 nun 

l'ercent Percent Percent Percent Percent 

0.5 0.5 14.0 74.0 n.o 

0.5 0.5 14.0 74.0 u.o 

0.5 3.5 16.0 21.0 59.0 

Table 2.-- Chemical Analysis of Soils 
Seepage Rings, Bellvue Laboratory 

1952 

•r otal ·rota1 
Soluble Gravimetric - Organic ca co~ 
Salts Salts Material (Lime 

Percent Percent Percent Percent 

.02 0.5 0.1 0.1 

.02 0.5 0.1 0~2 

.02 o.s 0.8 0.6 

·------- ---
u. S. Bureau 

of Soils 
Classification 

Sand 

Sand 

Sand and 
Gravel 

Disturbed 
Permeability 

K 
Ft/day 

0.8 

3.8 

2.4 
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(See table. 2.) The soluble .salt content was very low and no 

I gypsum was indicated. The lime content was also very low. The 

/ water, which was· obtained from the Poudre River, shows a very 
I 

low salt content. (See table 3.) Atterburg Classification tests 

were not made on the samples because of the friability of the soil. 

Permeability tests of disturbed soil samples were made 

in the laboratory according to the procedure described in the 1950 

progress report on soils {10). Approximately 350 gms. per sample 

were dried and passed through a 2 mrn. sieve. The sample was poured 

into a 2.2 inch {ID) lucite percolation cylinder from a height of 

21 inches above the base using a funnel and rubber hose. For com-

paction the cylinder was dropped ten times on a block of soft wood 

from a distance of 2.5 em. In order to eliminate as much trapped 

air as possible, water was initially allovred to percolate up from 

the bottom of the sample. The actual tests, however, were made 

with the water percolating dovmward. 

Percolation rates were obtained on the samples for 

periods of approximately 16 days. Shovm in figure 10 are the 

average computed permeabilities for the duplicate samples plotted 

against t ime. These determinations show that the end permeabilities 

were approximately 0.8 foot per day for t he 0-l foot sample of the 

sand and 3.8 for the sample for 1-2 feet. For the underlying 

material this permeability was about 2.4 feet per day. Although 

the sample of the underlying material contained some larger gravel 

only the material which passed a 2 rom. screen was used for the 

permeability test. 
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Table 3.-- W~ter ~~alysis 

-.-· 

Total Solids 

Volatile Matter (Organic & H20) 

Organio Matter 

Reaction (acid-alkaline) 

Bases 

Cao - Lime 

MgO - Magnesia 

Acids 

N03 - Nitrates (toxio) 

CI - Chlorides (table salt) 
- - -- ------- -- ----- -- ----

so3 - Sulfates 

co2 - Bicarbonates 

Ft. Collins 
-. City 
·water 

66 PPM 

14 PPM 

Trace 

6.9 pH 

Slight 

Slight 

Present 

None 

None 
-

Trace 

Trace 

----

* Samples at Bellvue Laborat ory9 Water contains 
about 20 PPM of clay sediments. 

Poudre 
River 
Water* 

92 PPM 

22 PPM 

Trace 

7.0 pH 

Light 

Slight 

Present 

None 

None 

Slight 

Trace 

''+" 1 f<l 1 1* P ¥ + ; J i J4 e 
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Water was first turned into the seepage ringo on June 18 

and thereafter continuous tents were made until October 23 when 

the ~ter was turned off for t he winter. The initial seepage rates 

were so high that some difficulty was encountered in supplying 

ana~ water. On several oc cas ions, because of a rise on the 

river, silt was brought in with the water. For this reason the 

bottom of the rings v~s raked at two different times to break up 

the silt layer. Near the middle of the testing period the inner 

rate became so low that it w9:s necessary to install a magnetic 

valve to control the flow. Wi th this valve, the flow wn s restricted 

to short periods at a high r ute, which facilitated accur11 te mea-

surement. The water was cut off frequently and the rate of drop 

noted over a one or t wo hour period. This gave a positive check 

of the seepage rates as deter mined from the meas ured inflow. This 

test has been termed a "drop test" in this report. 

A plot of the obs erved seepage rates as v•ell ns the data 

on water depths, '!1.'8. ter and soi 1 temperature, and barorr.e trio pres.:. 

sura is shovm in fi gure 11. The seepage rates have been corrected 

for pr·ecipi tat ion a!ld evapor:1.t ion. Because of t he volume of water 

needed to keep the rings filled it was necessary to op9r a te with 

the rings interconnected for the first month. The initia l seepage 

rate through the sand wa s ar;'roxirnately 7.0 feet pe r day. This 

rata increased for about 20 ~~ys until a rnaximun r ate of 15.0 feet 

per day was reached after Y:!1:ch the rate decreased to t ho original 

7.0 f'eet per day. Since sL~. h~d entered the rings during the 

j 
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. time that the water from the river was turbid because of flood 

flaws it was ~eoessary to -~ake the surface on two occasions to 

_break up the silt layer. After raking the rates were temporarily 

increas-ed. 

A!'ter the interconnecting valve between the rings was 

closed and the t wo rings operated separately, the seepage rate 

from the outer ring was always higher than from th(3 inner ring. 

me results of the drop tests are always very near the rate deter-

mined for the continuous .record. The rates from both rings dropped 

belou 1.0 foot per day on the 1st of September. After raking the 

bottom of the rings, these rates increased to 3.5 feet per day, 

but from then on there was a general decline until the end of the 

period. ~t this time the inner ring had a rate of 0.4 foot per 

day as compared to 0. 8 for the outer ring. During all of the period 

the water temperature at the bottom and. the soil temperature at 

1.0 foot wore practically the same. 

During the period from September 2 to 10, tests were 

made to determine the effect of de pth of water on the seepage rates • 

Plots _ of the results of these tests are shown in figures 12 and 13. 

For these tests, v.rith the inflow shut off, the water was allowed 

to drop during the day, and during this time the drop for t wo-hour 

periods was noted. At the end of the day the floats were set down 

approximately 6 inches thereby lowering t he water levels an equiva-

lent amount by the next morning. This procedure was repeated until 

near zero depth was reached. The water was then brought up by 

successive steps until maximum depth was again maintained~ 
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The plots show that the seepage rates, when t he levels 

were being successively dropped, were hie;her for a corresp_ondi!1g 

depth than when they were being successively raised. A!1 average 

of these two rates probably gives a rate which could be considered 

free of drainage and storage effects. The plot for the inner ring 

shows that the rate of change of the seepage was smaller than that 

for the outer ring. However, by projecting the average rate until 

zero depth was reached a rate of approximately 0.1 foot per day 

was common for both tests. This value is the equivalent of the 

permeability K. 

A test was made in August to determine the effect of 

temperature on the seepage rate. For this test t he water was shut 

off and rea~ings of the seepage loss were taken at t wo-hour inter-

val~ continuously over a period of three days by noting the drop 

in the water e~rface. After each four-hour period the rings were 

refilled in order to minimize the effect of change in water depth . 

In addition to noting the drop in water surfe.oe level, the water 

and soil temperature were recorded. Fi~~re 14 is a _plot of the 

results.. The seepage rates shovm have been corrected to eliminate 

the effect of variations in depth. 

This plot shows that there was a definite variation in 

the seepage rates over a ·short period. When the viscosity correc-

tion was applied to eliminate the effect of viscosity due to differ-

ences in temperature the variation was _ even more pronounced. The 

highest seepage rates occurred when the temperature of the water 
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was 1owest and the lowest rates at the highest temperature. (See 

figure .14.) 

A~rently there is another factor, dependent on temper-

ature~ that affects the seepage rate. Because some air in the form 

• of s.mall bubbles, remains in the soil even after long periods ' of 

wetting, it may have a variable effect on the seepage as the tem-
1 

perature ~ges. Air should be absorbed as the water cools and 

should be rel eased as the water warms. Whether the water vre.s 

getting v.rarmer or colder as it traveled down through the soil was 

indicat ed. by the soil thermometers in the rings. Analysis of the 

data however, disclosed the fact that generally the seepage 

decrease d when air was being absorbed and i!'l.creased when air was 

being; released by the water. Since this is contrary to what 

should be ·expectod other factors were investigated • 
• 

'ftle effect of expansion of air with temperature ·,vas 

studied but it was found that t he expansion for the range of tem-

peratures enco untered was so small that it would not account for 

the d.ifTeren.ces noted .. 

I t h as been suggested that changes in vapor pressure 

with. temperature may affect the seepage rate.. Because the vapor 

pressure changes rapidly as t he temperature increases, air bubbles 

should expand and contract appreciably, thereby changing the effec-

tive porosi~ of the soil. It has been demonstra ted by Fair and 

Hatch. (3 ) t hat the permeability K of granular materials is pro-

portional to n3 , where n is the porosity of the material. 
(1-n)2 
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Small changes in porosity produce large changes in permeability 
- -/ ... . - - - - -- -- - - --

and consequently in the seepage rate. Since the change in volume 

of the air bubbles is directly proportional to the change in pres-

sure, the change in porosity can be computed if t he percentage of 

air and the temper~ture are known. Unfortunately the percentage 
~:. -...- ____ ;:. .. __ .-
of ai_r is . unknown and it cannot be readily de"OOrmined. However it 

is possible to determine the relative effect of the change in vnpor 

pressure on the porosity by assuming the percentage of air in the 

soil. 

A computation of t he effect of change in vapor pressure 

on the seepage was made on the assumption that at 600 F, 10 percent 

of the voids in the sand were filled vrith air. The effect of the 

change in porosity at any 
:: :--::--_ ~ -- ------ - - -- :3 ---.---

n the formula K C: 2 • 
(1-n) 

other temperature was t hen computed by 
---- - - ..._ : - ·~· : -: - - - : - .,_ · <::" ::- - - ..... - -: :: :- - , • - ,.. -

The temperature of the water at t he 

bottom of the rings was used in the computations. By applying the 

corrections for the different temperatures to the seepage corrected 

for viscosity, the curve shovm in figure 14 was obtained.. The 

interesting thing to riote -is that when the seepage is corrected 
-for changes in viscosity ·and porosity due to temper~ture, the curve 

obtained is very -close to t he one for the seepage as actually 
-observed, that is, without any temperature corrections. Thi s indi-

oates that the effec~ of viscos ity and porosity on the seepage as 

the temperature changes, are compensating -~a ctors; 

These conclusions are confirmed by tests on the permea-

bility of sand at widely different temperatures by Pillsb~ry (6). 



-17-

His tests show that increasing the temperature of the water from 
- - . - -- - - - - - -

·40° F to 120° F did not change the permeability. In making the 

oompu.ta.tions for the corrections due ";o temperature, it was noted 

that t he product of the viscosity correction factor and the poro-
• 

si~ correction factor was a constant. This should of course occur 

if the two ef'fects are compensating. · The conclus i on that can be 

drawn from this study is that the results will probably be just as 

satisfactory if no corrections are applied for the effect of tem-

perature. -

Y8ekly me asurements were ~Ade of the ground water eleva-

tion in t he vicinity of the seepage rings. A plot showing the 

water table a t monthly intervals is shown in Figure 15. As in 

previous years the ground water fluctuation seemed to be due only 

to the change of stage of the Poudre River nearby. 

Seepage Meters 

During the 1952 season over 80 determinations of seepage 

rates were made with the t wo types of seepage meters at t.1.e Bellvue 

Laboratory see pa ge rings. These meters were generally installed 

side by side in the outer ring with the meters remaining in one 

location about two weeks• The first tests were usually made within 

a day after placing the meter. 

The results of the tests are tabulated in table 4 and 

are plotted in figure 11. The seepage meters always gave rates 

which ·were higher than those sh m•m by t he seepage ri!lgs and in 

many ca ses several times higher. The rates immediately after 

·* e:t> 
' 9 

t'< fi ,, 
ld ·*'·* . - F 0( ., 
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I Table 4.-- Comparison of Seepage Ring and 
Seepage Meter Measurements of Seepage 

Bellvue Laboratory 
1952 

Seepage Rings Seepage Meters • Ti.me water Innoll' Outer scs USBR 
Depth Ring Ring Loo. Rate Loo. Rate 
Ft. Ft/day Ft/day Ft/day Ft/day 

7-18 1.·88 5.34 10.80 1 55.5 A 36.9 
7-21 2.01 4.41 7.10 1 30.2 A 17 .. 2 
7-22 1.95 18.00* 19.00* 1 12.4 

7-24 1.50 14.10 14.10 1 14.4 B 30.0 
7-25 1.92 11.53 11.58 1 15.8 B 26.4 
7-28 1.97 5.24 6.91 1 11.2 B 16.3 
7-30 1.87 4.61 6.03 1 9. 72 B 14.1 
8-1 1.66 4.24 5.19 1 . 9.48 B 12.2 
a-s · 1o88 2.67 3.29 1 7.00 B 8.30 

• 8-6 1.86 2.10 3.23 2 8.78 c 4.14 
8-8 1.79 2.19 2.81 2 5.36 c 4.90 
8-11 1.85 1.95 2.62 2 4.79 c 2.03 

• 8-13 1.81 1.57 2.00 c 2.56 
8-13 1.68 1.59 1.96 c 2.42 
8-14 1.85 1.52 1.96 c 2.07 
8-14 1.84 1.45 1.81 c 2.31 
8-15 1.70= 1.41 1.83 c 1.63 
8-15 1.62 1.36 1.68 c 2.04 
8-18 1.83 1.48 1.79 2 3.97 c 2.33 

8-20 1.87 1.29 1.81 3 9.25 D 17.20 
8-22 1.88 1.10 1.45 3 6.30 D 9.65 
8-25 1.88 1.02 1.26 3 6.24 D 6.62 
8-26 1.88 1.17 0.86 3 5.58 D 5.53 
8-27 1.8~ 0.90 1.10 D 7.35 
8-28 1.89 1.05 1.14 3 25~~>11 * D 5. 50 
8-29 1.89 0.93 1.10 3 13 ~ 4 D 4.21 
9-2 1.89 0.63 0.93 3 7.32 D 2.28 
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I Table 4~-- Comparison of Seepage Ring and 

- -· -- Seepage ~~eter Measurements of Seepa.ga 
Bellvue Laboratory (Continued) 

1952 

Seepage Rings Seepage Meters 
• Time Water Inner Outer scs USBR 

Depth Ring Ring Loc. Rate Loc. Rate 
Ft. Ft/day Ft/day Ft/day Ft/day 

9-15 1.88 1.90* 3.10* 4 . 37.8 E 24.6 
9-17 1.88 1.36 2.19 4 23 .• 4 E 20.4 
9-19 1.88 1.33 2.78 4 10.8 E 10 .. 9 
9-22 1.88 1.26 1.74 4 8.26 E 9.13 
9-24 1.88 1.10 1.53 4 6.80 E 7.66 
9-26 1~88 0.93 1.38 4 5.37 E 6.16 
9-29 1.89 0.81 1.27 4 4.14 E 4.53 

10-1 1.89 o. 76 1.12 4 3.34 E 3.74 
10-3 1.89 0.67 1.05 4 2.92 E 3.24 
10-6 1.90 0.72 1.00 4 2.26 E 2.93 
10-8 1.90 0.57 0.90 4 2.14 E 2.25 

• 10-10 1.90 0.57 0.95 4 2.13 E 2.08 
10-13 1.90 0 •. 55 0.81 4 1.88 E 2.10 

10-15 1. 89 o.so 1.24 5 39.0 F 19.5 
• 10-17 0.50 0.98 5 15.2 F 7.66 

10-20 1.90 0.52 0.90 5 7.40 F 3.82 
10-22 1.90 0.57 0.81 5 5.53 F 3.18 

*Soil r.aked 

•*Seepage meter pushed down 



t 

-18-

installation were very high with a gradual decrease throughout 

the series. - Tests made during the effect of temperature tests 

on the seepage rings over short time intervals (see figure 14) 

also showed considerable variation. 

Seepage Ring for S~~dy of Effect of Ground Water Fluctuation 

As previously described, special equipment was constructed 

for the purpose of determining the effect of the depth to ground 

water on the seepage rate. This equipment is sho\vn in figures 6 

and 16. The soil used was the same as had been used in the seepage 

rings during the two previous seasons. A report of the character-

istics of this soil is contained in the progress report submitted 

i~ 1951 (7) and the results are tabulated in tables 5, 6 and 7. 

The mechanical analysis of the soil, figure 17 and table 5, showed 

it to be sandy loam. According to the Atterburg Classification 

Index the soil was classed as friable. A chemical analysis of the 

soil showed it to be alkaline in reactio:q, with very low soluble 

salt content and no gypsum. The water which was taken from the 

Poudre River he.d a very lo·w salt content (see table 3). Permea-

bility tests of disturbed samples shown in figure 18 indicated a 

permeability of be~veen 4 and ~ feet per day for the soil. 

Water was first turned into the ring on July 9 and con-

tinuous operation was maintained until October 23. Figure 19 is 

a plot of the results. After an initial period of approximately 

20 days the ground water levels were changed weekly except for the 

last month when the levels were changed every four days. The water 
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• Figure 16.-- EquiFment for study of effect cf 
ground water level on seepage . 
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Sample 
Looa tion 

0 ·0-1.0 ·Ft. 

1.0-2.0 Ft. 

Colloids 

Table 5~·- · Combined Heohanioal Analysis of Soils 
· Ef'f'eot of' water Table Elevation 

Bellvue Laboratory 
1952 

Fine Coarse 
Clay Silt Sand Send 

.001 mm .001-~005 mm • 005-.05 mm .05-.25 mm .25-2.0 nun 
Percent 

1 

2 

Sample 
Location 

o.o-1.0 Ft. 

1.0-2.0 Ft. 

}·ercent Percent Percent Percent 

6 

2 

20 58 

18 52 

Table 6.-- Chemical Analysis of Soils 
Effect of Water Table Elevation 

Bellvue Laboratory 
1952 

Total Total 

14 

25 

pH Soluble Gravimetric 
Salts Salts 

Percent Percent 

8.0 .02 0.5 

7.8 .02 0.5 

Gravel 
2.0 nun 
Percent 

1 

1 

Ca co3 (Lime) 
Percent 

2.3 

1.1 

-~ ---
u. s. Bureau 

of. Soils 
Classification 

Sandy Loam 

Sandy Loam 

I 
I . ! 



Table 7.-- Soil Analysis 
Effeot of Water Table Elevation 

Bellvue Laboratory 
1952 

Atterburg Bureau of K 
Sample Liquid Plastio Plasticity Classification Soils Disturbed 

Location Limit Limit Index Index Classifioa.tion Perm. 
- -------- --------------- ---------------

Ft/day 

Oa0-1.0 Fte 25.8 25.8 0 Friable Sandy Loam 3.9-4.4 

1.0-2.0 Ft. 25.8 25.8 0 Friable Sandy Loam 4.6-6.0 

,~ I 

• 
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depth in the ring was kept constant at about 1.9 feet except for 

a sho~ initial period~ 

The iri.itial seepage rate was 1.1 feet per day with an 

immediate decrease to 0.5 foot per day. After the water depth was 

increased the seepage rate began a gradual increase until a roaximtun. 

rat:a o.f 1. 7 .feet was reached.· There was a general decrease from 

this point until the end of the period when a rate of 0.3 foo~ per 

da.y was reached. Difficulty was encountered in separating the 

efl•ect of the fluctuating ground water; elevations and other factors 

o~ the seepage rates. Leaks from the ring probably caused by earth 

worms, frequently occurred. Factors such as air solution and 

baateriological action (1), (2), which normally cause variations 

of seepage rates, could not be isolated. 

~ - - --- - · Gen~rally, it was noted that as the ground v:ater level 

approached the ground surface there was a decrease in seepage. If 

only the data for the day preceding and the day following an adjust-

ment in ground water level were considered, a marked change in the 

see_page rate for this period was apparent. As the water table was 

raised ~~e seepage rate decreased on an average of 13 percent from 

its previous rate for each 6-inch increment . For a lo·wering wa tar 

table the rates increased for each increment an average of 32 per-

cent:. However, during the periods of constant ground water levels, 

there was a gradual decrease of rates. 

_. _. _ During August a test was made to determine the effect of 

temperature on the seepage rate. This test was made over a period 
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of' three days with readings made at two hour . incre:nents. Observa-

tions included the water depth and the water and soil _ ~emperatures. 

Figure 20 is a ·plot of the results. This plot shows that there 

was a variation in rates over the period of a maximum of 11 percent 

for comparable depths of water. The maxi~um rates were observed 

at the time the water temperatures were the lowest and, conversely, 

the lowest rates at the highest temperatures. Considering the 

soil temperatures and the direction of the temperature gradients 

the foregoing relationship should have been reversed. 

The effect of temperature on the porosity due to the 

expansion and contraction of the air bubbles in· the soil with 

changes in vapor pressure, was investigated by the method discussed 

on pages 14 to 17. The water temperatures were used in making the 

corrections. Computations were !T'.ade on the assumption that the 

soil conta:ned 10 percent air and similar computation on ~~e assump-

tion that it contained 5 percent air. The seepage rates corrected 

for the effect of viscosi~J and porosity are shown plotted in 

figure 20. In this case the curve based on the assumption that 

the soil contained 5 percent air, follows the original seepage 

data very closely, whereas the curve for 10 percent air deviates 

considerably. This indicates that the percent of air actually in 

the soil was probably somewhere between 5 and 10. It is apparent 

that means must be found for determining the amount of air in the 

soil before the effect of temperature on the seepage can be 

eliminated. 
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In 1951 the s·eepage rings at the Poudre Supply Plot were 

installed in heavy clay. The permeability of this material was so 

1cm that difficulty was encountered at times in separating the 

evaporation from the seepage. It was found that farther up the 

slope in the same vicinity there exis~ed a material which was more 

permeabl~ and it was decided to move the seepage rings to this new 

location. In making the required excavation for the installation 

of the rings, channels of material of an entirely different type 

were found indicating the existance of an old prairie dog colony. 

For this reason it was necessary to excavate a large hole, approxi-

mately 20 feet in diameter and three feet deep, thoroughly mix the 

soil and replace it in the hole. The mixed soil was put back in 

the hole in layers, settling each layer with water. After the hole 

had been filled to a depth of two feet the seepage rings were 

installed and another foot of soil was put into the rings and com-

pacted by flooding. Figure 21 is a picture of the installation. 

For the purpose of making a study of the soil character-

istics, surface soil samples we re taken at three locations around 

the outer ring after the soil was replaced. ·A sun.rrary of these 

tests is given in tables 8, 9 and 10. The mechanical analysis of 

the soil was made using the procedure presented by the Americe.n 

Society of Testing Materials. Sodium silicate was again used as 

the dispersing agent. Size distribution curves for each sampling 



I 

Figure 21.-- Seepage Rings, Poudre Supply Plot 
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Table 8.-- Combined Meohanioal Analysis of Soils 
Seepage Rings, Poudre Supply Plot 

1952 

Fine Coarse u. s. Bureau 
Sample Colloids Clay Silt Sand Sand Gravel of Soils 

Location .001 mm .. .001-.005 mm .005-.05 mm .05-.25 mm .25-2.0 mm 2.0 mm Classification 
Percent Percent Percent percent Peroent teroent 

NW Side 1.0 7.0 24.0 26.0 42.0 o.o Sandy Loam 

E Side 1.0 5.0 23.0 33.0 38.0 o.o Sandy Loam 

SW Side 1.0 5.0 21.5 39.5 33.0 o.o Sandy Loam 
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Table 9.-- Chemical Analysis of Soils 
Seepage Rings, Poudre Supply Plot 

1952 . 

Total -----Tot-al 
Sample pH Soluble Gravimetric · Organio Ca co) 

Location Salts Salts Material (Lime 
"Percent Percent rercent Percent 

NW Side 8.1 .13 0.5 0.5 14.6 

E Side 8.5 .02 0.5 0.4 14~0 

mv Side 9.0 .02 0.5 0.5 13.9 

Table 10.-- Soil Analysis 
Seepage Rings, Poudre Supply Plot 

1952 

Attero·urg~---:sw-eauot K 
Sample Liquid Plastio Plasticity Classification Soils Disturbed 

Location_-.. Limit Limit Index Index Classification Perm. 
-- ------~ -------- -- - ---------------

Ft/day 

NW Side 26.1 18.8 7.3 Feebly Plastic Sandy Loam 1.60 

E Side 26.6 16.0 10.8 Feebly Plastic Sandy Loam 1.25 

SW Side 26.6 17.1 9.7 Feebly Plastic Sandy Loam 1.to 
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location are shown in figure 22 and a summary is given in table 8. 

The three samples were classified as sandy loam and t heir size 

distribution was very nearly the same • . 

A ·chemical analysis of the soil is given in table 9. 

This shovrs tha t the soils were alkaline in reaction, samples from . 

two locations being strongly alkaline. The total soluble salt 

content is low and no gypsum is indicated. The organic material 

content is very low but the lime content of all samples is high. 

The liquid limit, plastic limit, and plasticity index 

were determined in accordance with methods set forth by the .~er

ican Society of Testing Materials. Table 10 shows the results of 

these tests. Using the Atterburg Classification Index the soils 

were all classified as feebly plastic. 

An analysis of the water which was taken from the Fort 

Collins City water line is s? own in table 3. This water contains 

a low percentage of impurities and should have no effect on the 

permeability of the soils. 

Permeability tests of disturbed soil samples are shown 

on figure 23. These tests were made using the procedure previously 

described. These plots show a range of permeabilities for the 

three samples of from 1.1~ to 1.6q with an average of 1~30 feet 

per day. These values were determined at the end of a 16-day 

period. 

water was first turned into the rings ·on June 12 and 

continuous readings were taken until October 21 • .. In addition to 
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the readi~gs taken as at the Bellvue rings, the rate of evaporation 

was observed from a Weather Bureau Class A evaporation pan. Approx-

imately three times a week the water was out off and seepage deter-

minations made by observing the drop in water surface elevation. 

A ma.gnetio valve to control the flow was installed for t.."l.e inner 

ring after the seepage rate dropped so low that the conventional 

meter would not operate. 

A plot of the seepage rates and other observed data is 

shown in figure 24. The initial seepage rate for the outer ring 

was approximately 1.1 feet per day and ~~at for the inner ring 

0~9 foot per day. There was a general decrease in rates for approx-

imately one month after which the rates started to increase until 

a maximum rate of approximately 0,95 for the inner ring and 1.4 

feet per day for the outer ring was reached. This occurred after 

approxim~tely three months of operation. After this point there 

was a general decrease in rates until the termination of the tests, 

The results of the drop tests check very close to those shovm f'or 

the continuous data. The 1-foot soil temperatures at this location 

did not follow the water temperatures as was the case at Bellvue. 

They more nearly followed an average of the ~~ter temperatures. 

In order to determine the effect of depth of water on the 

seepage rate a series of tests was made during the period of Sep-

tember 2 to 10. Plots of these tests are shown in figures 25 and 

26. In contrast with the tests rr.ade at BellVue, these tests show 

that the rates when the levels were increasing were greater than 
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when drop9ing._ The ~J:.!' _.9.f_ change -· for . the.-outer ring was greater 
r 

than that for the inner ring as was the case at Bellvue.. At zero 
----- -- --------~--=..:::::::.. __ __ -------
depth of water- a ·seepage rate of 0.23 for the inner ring-and 0.34 --- -
feet per day for the outer ring is indicated • 

The tests to determine the effect of temperature were 

made in August and the results are sho;vn in figure 27. These 

tests also, show that when the seepage was corrected for the effect 

of change in viscosity with temperature, the resulting seepage 

rates were low when the temperature was high and vice versa. For 

this reason the effect of temperature on the porosity was investi-

gated in the ~anner previously explained. (See pages 14 to 17.) 

Computations were made on the basis of 5, 10 and 20 percent air in 

~ the soil. The results are shown plotted in figure 27. In this 
':a.· .. -'l 

case there -may be some _ q_u~s_ti_on as_~o whether · the Fair-Hatch -(3) 

relation applies but since the rraterial v.ras only feebly plastic 

and consisted mostly of fine sand and silt resulting from the 

weathering of sandstone, it was assumed that the relation should 

hold. 

As can be seen in the figure the ourve for 5 percent air 

is below the observed seepage rate whereas the curves for 10 and 20 
-percent air, are above the observed seepage rate, and the curve for 

20 percent air is widely separated. Evidently the true value is --' 

somewhere between 5 and 10 percent. The curve for 5 percent air 

follows the observed seepage very closely and only slightly below 

it. This alose agreement is apparent for the tests at three dif-

ferent locations with three different materials. It must be 
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significant, but vhat the significance is has not as yet been 

definitely d~termined~ - Tl~ is matter will be· given further study • 
..... :. ----= ":" -. - ... - ·;. -· - - ~ . --: -- : - - - - - -

In order to determine the location of t.~e water table 

-~-----in -the vicinity of the seepage rings, four piezometers, 8 feet 

long ~~re installed 10 feet o~t from the outer ring an~ on~, _1-foot 
--------------- -.-- ----- -- -- --- ------=----- ---···- -

out. Four others were placed in the inner ring w:1ich- rangsd in 

depth from ~no to eight feet • . Wee&ly measurements were ~Ade at 

each piezometer. During the· entire testing season there was no 

· free water in any of the piezometers except the one at two feet 

depth in the inner ring. It was thought that the water v~s leaking 

down and around this piezometer. 

Seepage Meters 
- ' : ....._ ...... : ::-

The seepage meter· measurements were made with the two 
f-::-

types ·of seepage meters installed side by side in the outer ring 

using the procedure as previously described. Generally the meters 

were moved to a new location every two weeks. The results of these 

tests · are shown in table 11 and are plotted on the continuous record 

for the- seepage rings, figure 24. Generally, the seepage meter 

determinations are reasonably close to those for the seepage rings. 
- . 

Canal X-Section 

- - -- The short· canal section shovm in figure 7 was excavated 
.. 

in the vicinity of the Poudre Supply Plot seepage rings. Before 

excavation, two well permeameter tests were made along the center 

line of the section. After the section had been excavated vmter 
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I Table 11.-- ComFarison of Seepage Ring and 
~eepage Meter Heasurements of Seepage 

Poudre Supply Plot 
1952 

"' 
Seepage Rings Seepage I·'Ieters 

Date water Inner Outer scs US BR. 
Depth 'R . __ l.ng Ring Loo. Rat e Loc. Rate 
Ft. Ft/day Ft/day Ftlday Ft/day 

7-2 1.85 0.366 0.431 A 0.359 1 0.365 
7-3 1.85 .351 .444 A .333 1 .322 
7-5 1,;85 .381 .381 A .336 1 .382 
7-7 1.86 .381 .286 A .360 1 .598 
7-9 1.86 .333 .333 A. .268 1 .603 
7-11 1.86 .286 • 286 A .349 1 .608 
7-15 1.86 .333 •• 262 A .560 1 .812 
7-17 1.86 .333 .238 A .726 1 .901 
7-21 1.87 .357 .211 A .926 1 .823 

• 7-23 . 1.88 .331 .381 B .472 2 .246 
7-25 1.88 •310 .429 B .744 2 .392 
7-28 1.85 .387 .387 B .900 2 .612 
7-30 1.88 .333 .405 B .820 2 .594 

• 8-1 1.86 .357 .452 B .787 2 .662 
8-4 1.88 .333 .;476 B .570 2 .780 

8-13 1.83 .434 .651 3 .678 
8-13 1.62 • 398 .578 3 .403 
8-14 1.69 .398 .602 3 .602 
8-14 1.68 •386 .590 3 .671 
8-15 1.73 .410 .639 3 .445 
8-15 1.70 .373 .614 3 .458 
8-18 1.89 .429 .667 c 1.58 3 .976 

8-20 1.90 .524 .762 D • 750 4 1.42 
8-22 1.90 .429 .810 D .826 4 1.55 
8-25 1.89 .524 .857 D .726 4 1.33 
8-27 1.90 .643 .929 D .777 4 1.52 
8-30 1.89 .619 .810 D .602 4 1. 25 
9-2 1.89 .590 .867 D .594 4 1.23 
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I Table 11.-- Compari$on of Seepage Ring and 
. Seepage Meter Mea$urement$ of Seepo.ge ------

Poudre Supply Plot (Continued) 
1952 

Seepage Rings Seepage ~!T eter$ 

• Date water Inner Outer scs USBR 
Depth Ring Ring Loo. Ra t e Loo. Rate 
Ft. 'Ft/day Ft/day Ft/day Ft/day-

9-15 1 •. 87 0.857 1.048 E 1.52 5 2 .. 97 
9-17 1.88 .762 1.286 E 1.18 5 2.08 
9-19 1.88 .810 1.238 E 1.00 5 1•40 
9-22 1.88 • 742 1.129 E • 794 5 1.02 
9-24 1.88 .714 1.048 E .648 5 .872 
9-26 1.88 • 762 1.024 E .575 5 1.09 
9-29 1.89 • 750 1.107 E .506 5 .980 

10-1 1.88 .742 1.032 F 6 .415 
10-2 1.89 .727 1.087 F 1. 56 6 .356 
10-3 1.89 .690 1.000 F 1.32 6 .348 

• 10-6 1.88 .714 .810 F 1.14 6 .. 318 
10-8 1.88 .714 .810 F 1.03 6 .296 
10-10 1.88 .667 .810 F 1.06 6 .280 

• 10-13 1.88 • 774 .839 F 1.14 6 .288 
10-15 1.94 ..738 .881 F 1.20 6 ·.276 

10-17 1.88 .810 .929 G 3.89 7 4.02 
10-20 1.88 .810 .857 G 3.06 7 3.01 
10-22 1.88 .857 .762 G 2.65 7 2.77 
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was turned in the section and continuous pending t ests made for a 

period o_t: t hree weeks • .. The wa ter _was _t hen _turned off £or three 
~- - :._ 

weeks after which Water was again turned in for over a week. Water 

used for the expe~iments was obtained from the Fort Collins City 

water line. 

Soil samples obtained from the section were processed in 

the laborato!y following the prooed~e previously outlined. T~e 

mec.''lanical analysis is tabulated in table 12 and is also shown in 

figure 28. The u. S. Bureau of Soils classification for this 

material is sandy loam, The chemical analysis shovm in table 13 

indicates that the samples are alkaline in reaction and that t he 

lime contents are rather high. The total soluble salt cont ents 

~re _low. The liquid and plastic limits are shovm in table 14. 
~c :-
~h~ Atterb~g Classification ind~o~tes the sample from 0.5 - 1.5 

feet to be medi um _plas t ic and that fro m 1.5 - 2.5 feet, feebly 

pl:_astic. 

Permeability tests of disturbed soil samples are shown 
-
_?.n figure 29. These tests were made in the manner previously 

~escribed .. - J he samples wore tested for ape_roxi ma. tely 400 hours 
. 

and ~he permeabilit y of each sample was very ne ar 1.0 foot per 

day at t h e end of t his period .. 
.. The well permeameter t ests were made as prescribed by 

the U. s. Bureau of Re clamation earth manual _(l2). Two tests ·were 
. . -

made at po~n_ts equally spaced along the center line of t he section. 

The bottom. o! the test holes corresponded in elevat i on with t he 
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Table 12 .... · Combined . Jv~echanical Analysis or Soils 
Canal X-Section, r· Poudre Supply Plot 

1952 
' 

o; I I l·1 .. I 1 ·• ! J,. I. . i lt' ine-- Coarse 
Colloids · · Clay Si lt I Sand Sand 
.001 mm .001-.005 mm .005-.05 mm .05- o25 mm . 25-2.0 mm 
'Percent r·ercent Percent Percent Percent 

I ' i I 

Gravel 
2.0 nun 

• 

Percent 

. , 

------- - ----.J 

I 
1·. 

1 u. S-;j~~rea.u 
or fj oi.ls 

Classification 

0.5-1.5 Ft. 2.0 3.0 40.0 40.0 15.0 . 0. 0 Sandy Loam 
' I : 

1.5-2.5 Ft. 1.0 4.0 

I "I 

'' I .\ 
44.0 38.0 13.0 

·•I· I · I • , . ' ' 1'1' 1 [ f t' i 1, I 

ll 1 I , t I 

Table 13.-- Chemical Analysis or Soils 
Canal X-Section, Poudre Supply Plot 

1952 , . 

To-t8.I 
Sample pH Soluble 

To~ai 
Gravimetric 

Salts Location Salts - ------ ... -----Percent Percent 

0.5-1. 5 Ft. 8.2 .09 0.5 

1.5-2.5 Ft. 8.3 .o8 0.5 

, . 
0.0 Sandy Loam 

, ,,, 
. \ 'l''' 1 ,,, 1 

I ' 

Organic Ca co1 Ma t erial (Lime_ 
Percent Percent 

1.3 7.5 

0.8 6.3 
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I I I Ta~le 14. r Soil Analysis ' I 

I ! 1 1 11 
Canal . ~-Section, I Poudre Suppl~ Plot I I I i 

I 
: i i II I · ·. 1~52 

I I 

i 
I I I I Atterburg Bureau of I 

Sample Liquid Plastic Plasticity Classification Soils 
Location Limit Limit Index Index Classification 

I· 
I l K K . ; ' \ 

Disturbed \ Well-rerm• 
Sample Test · 
Ft/day Ft/day 

o.5-1.5 Ft. 32,5 19.6 12.9 Medium Plastic Sandy Loam 0.48 0.16 

1.5-2.5 Ft. 27.3 21.6 5.7 Feebly Plastic Sandy Loam 0.44 0.16 

Table 15.-- Seepage Meter Measurements 
Canal X-Section, Poudre Supply Plot 

1952 

Water USBR Seepage Hater SCS Seepage Meter 
Time Depth Location Rate Location Rate 

F'C. Station Ft/day Station Ft/day-

8-5 1.87 0+13.5 1.35 0+15.0 .25 
8-6 2.22 0:+-13.5 1.23 0+15.0 • 23 
8-7 1.81 0+13.5 1.14 0+15.0 .20 

8-8 1.71 0+04.5 1.54 0+3.0 3.10 
8-11 1.79 0+04~5 1.23 0+3.0 2.12 

Weighted Average a 1.18 feet per day. 
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invert of ~~e canal section. A plot of the results of these tests 

with the permeability corrected for viscosity to a standard tempera-

ture is shONn in figure 30. High initial permeabilities in the 

neighborhood of 1.2 feet per day were obtained with the rates 
• decreasing after 180 hours of operation to 0.17 foot per day. 

'!'he .initial pending tests in the section were made by 

letting a continuous flow of we.ter enter the canal and cutting this 

flow off daily for a short period and noting the drop in water sur-

face. For the second series of tests it was possible to use a water 

meter in the line so a continuous determination of seepage was 

possible. Figure 31 is a plot of the results of these tests. This 

shows a rate of over 3.5 feet per day at the beginning of the first 

series whiCh decreased to 1.1 at the end of the period. ~vo days 

after the water was turned back into the section a lining of waste , 
cement dust was placed in the canal. This lining had the effect 

of speeding up the seepage approximately 50 percent over t he orig-

inal rate. 

The waste cement dust was obtained from the Ideal Cement 

Plant ne!',r La :Porte, Colorado. Engineers from the Cement Company, 

in searching for some use for the waste product, suggested that 

the dust be used to check its suitability for stopping seepage. 

A cher.1.ical analysis of the dust showed. it to have practically the 

same percentage of chemical ingredients ·as commercial cement except 

that there ~ms a higher content of sulphur trioxide. The lining 

was placed by scattering the dust in the water and allov:ing it to 
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settle on·the sides and bottom of the canal. An amount of the 

I) dust v~s added which would approximate a one-inch lining. 

Seepage meter tests ~~th two types of meters were rr~de 

in the section during the first ponding test. These meters were 

placed in four different locations along the bottom of the Canal. 

The results of these tests are tabulated in table 15. The varia-

tion in rates over the 18 foot section was ov~r ten-fold. However, 

a weighted average of the four locations gave a rate of 1.18 feet 

per day as compared to 1.23 as determined from the ponding tests 

for the same period~ 

Poudre Supply Canal Seepage ·Tests 

Pending and seepage meter tests were ~ade on a section 

of the Poudre Supply Canal between Stations 167+50 and 186+00 in 

1951.. Because of changes in grade ·when emerging from a lined into 

an unlined section and from t h e unlined back to the lined section, 

a natural pool was formed between these stations when the water 

was cut off. Well permeameter tests were made in 1952 to check 

the results previously obtained. Since it was desired to make the 

well permeameter tests in undisturbed material they were made along 

a ' line approximately 60 feet to the right of the canal center line 

outside of the embankment. Four permeameter tests were rrade in 

wells equally spaced along this line. 

A complete soil analysis was made of samples taken at 

each permeameter location. The analyses are tabulated on tables 

16, 17 and 18. The combined mechanical analysis (table 16) shows 

~. 



----Table l6o-- Combined Meohanioal Analysis of Soils ----Poudre Supply Canal 
1952 

Fine Coarse u. s. Bureau 
Sample Colloids Clay Silt Sond Sand Gravel of Soils 

1. 5 ··2~ 5 Ft. .001 mm .001-.005 mm .005-.05 mm .05-.25 mn .25-2.0 mm 2.0 mm Classification 
Station Percent Percent :Percent Percent Percent Percent 

170+44 2.5 3.0 37.5 46.0 n.o o.o Sandy Loam 
174+46 1.0 4 .. 5 24.5 61.0 9.0 o.o Sandy Loam 
179+30 1.0 8.0 46.5 38.5 6.0 o.o Loam 
183+60 o .. o 3.0 18.5 69 • .Q 9.5 o.o ·Sandy Loam 



~ ' . • ~ • 

-------- ----
Table 18.-- Soil Analysis 

Poudre Sup-ply Canal 
1952 

Atterburg Bureau of' K K 
Sample Liquid Plastio I-laatioity Classification Soils Disturbed Well-pe·rm_. 

Limit Limit Index Index Classification Sample Test 
Station Ft/day Ft/day 

170+44 . 31~2 17.7 13.6 Medium Plastio Sandy Loam .87 .49 

174+46 22.9 20.3 2e6 Feebly Plastio Sandy Loam 1.65 .47 

179+30 33.2 18.9 14.3 }.~edium Plastic Loam .55 .42 

183+60 22.3 20.9 1.4 Feebly Plastic Sandy Loam .55 .58 

"' 
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tne~size ~istribution, of the samples which is also plotted in 
- ----------------- ---- -- ----- ---

-~---fi.gur_e _,32:• _ The __ samples were all _ylassifie_d as ~andy _!oam except 

a Station 179+30 where the silt content was higher and was 
-- - ------- ---

classified as a loam. 

The chemical analysis (table 17) shows that all samples 

wera moderately alkaline in reaction. None of the samples contain 

~-an-appreciable amount of gypsum and the total soluble salt content 

is low. The sample at Station 179+30 had a fairly high lime con-

tent. Table 18 shows the Atterburg limits of the soil samples. 

These limits give a classification of medium plastic for the sam-

ples from Stations 170+44 and 183+60. At the remaining stations 

a £eebly plastic soil is indicated. 
•-.!> 

. Permeability tests of disturbed se.mples _are shown in 
-~ .. - '" -- -- - . 

-
• ___ figtires 33 nnd 3~. These plots show that the samples gave quite 

---different results throughout the test period. The end determin-

ations of the samples, shown in table 18, gave permeabilities of 

--- 0.87 foot per day for Station 170+44, 1.65 at Station 174+46 and 

_ _ 0~5J; at Stations 179+30 and 183+60. 

The welr permeameter tests were -made using the procedure 

__ p!eviously discus_se_d except_ that the depths were approximately 

- ~~o feet, consequently tha bottom of the hole di d not correspond 

to the elevation of the invert of the canal. The results of these 

-- tests are shown in figures 35 and 36, and the end determinations 

are tabulated in table 18. The values range from .42 to ~58 foot per 

aay as compared to .55 to 1.65 for the disturbed sample determinations~ 

? tc ;s ,, __ 4}# h ' - ; 7 . #h ? ¥!¥ y 
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·After the water in the canal was shut off for the season 

it was again possible to make pending tests in the section. For 

this purpose a staff gage was mounted at each end of the section 

and readings vrere made t-v~rice daily •. The results of these tests 

are tabulated in table 19. The seepage ranged from 0.137 to 0.226 

foot per day which compares closely with the first ponding test 

for the previous season as shown in the Progress Report for 1951 

(8). The permeability K was computed by using the formula 

proposed by Muskat (5). 

K • l(B+2h) 

where: K = permeability 
Q • dischaTge in cubic feet per .unit of time 
1 • length of section 
B = width of water surface 
h - depth of water 

Using this formula and correcting the effects of viscosity to a 

standard temperature gave permeability values ranging from 0.131 

to 0.226 foot per day. These values are also tabulated in table 

19. The well permeameter tests indicated rates of from 0.42 to 

• 58 foot • 
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Table 19.-- Pool Measurements of Canal Seepage 
~oudre Supply Canal - Stations 167+50 to 186+00 

1952 
I 

' 
Average Drop Evap. Length Perm. 

Date Tirr.e Depth wetted Average for for Corrected of Drop Seepage K 
water Perimeter Width Period Period Drop Period at 60° F 

1952 Ft·. Ft~ Ft. Ft. Ft. Ft. Days Ft/day Ft/day Ft/day 

10-18 4:40P 1. 710 

10-19 8:40A l. 610 38.0 37.0 0.100 o.oo5 0.095 0.667 . 0.142 0.166 0.158 

10-19 3:55P 1.550 37.7 36.8 .060 .003 .057 .302 .189 .226 .214 

10-20 8:40;\ 1.440 37.4 36.5 .no .004 .106 .698 .152 .179 ·169 

10-20 4:45P 1.390 37.1 36.3 .050 ·.oo4 .046 •. 337 .137 .162 .153 

10-21 8 :40A 1.295 36.9 36.1 .095 .001 .094 .663 .142 .169 .161 

10-21 4:45P 1.230 36.6 35,8 .065 .006 .059 .344 .171 .198 .190 

10•22 8 :55A 1.145 36.3 35.6 •. 085 .006 .079 .667 .118 .137 .131 

10-22 4:10P 1.088 36.1 35.4 .057 .005 .052 .. 302 .172 .202 .194 

10-23 9205A 1.000 35;,8 35.2 .088 .005 .083 .705 .118 .134 .128 

10-23 4:45P 0.930 35.5 34.9 .070 .005 .065 .319 .204 .234 ·226 
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DISCOSSION OF RESULTS 

As in previous seasons of seepage ring operation the 

effect of time with its related factors was noted as being impor-

tant in the seepage determinations. At the Bellvue rings there 

was a gradual decrease in seepage rates throughout the season. 

Part, but not all of this decrease, could be attributed to the 

fact that silt was brought in with the water on several occasions. 

This silt layer was broken up by raking on two occasions which had 

the effect o£ temporarily speeding up the seepage rate. At the 

Poudre Supply Plot rings the see page rate at the end of four months 

of . operation was practically the same as the initial rate. After 

an initial period of decreasing rates there ¥ms a ma rked increase 

in seepa&e for quite a long periode After a series of tests to 

determine the effect of water depth on the seepage rates there was 

a _major increase in seepage. Two factors probably contributed to 

this phenomenon : the fact that the soil had been disturbed and 

the fa,ot that soluble material was being leached from the soil 

throughout the test period. 

As in previous tests, it was again observed that the 

rate of seepage was not directly proportional to the depth of water 

but to the depth plus some length of soil column. In pr~vious 

reports (7), (8 ), a method of determining the permeability by 

projecting the rate vs depth curve until zero depth was reached 

was doveloped. The rate at zero depth should equal the permea-
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bility since the hydraulic gradient would equal unity at this 

poi nt. · A f'or mula developed by Glover (4),. applicable to the seepage 

rings, was used "to check the results. It was found that with a 

constant rate-depth relationship, a variable value of K was 

obtained ~or various depths using the Glover formula. ~his differ-

ence was a ttributed to the fact t hat in the Glover formula, the 

length of the E>ath of percolation was taken as the embedded length 

of the cylinrler plus a constant times the diameter. The constant 

?Tas determined by electrical analogy methods. ~owever, a length 

of percolation determined by using t he effect of depth tests and 

projecting the· rate-depth relationship until a eero rate '~s 

reached gave constant values of permeability when used in the 

Glover formula. · 

The effect of temperature tests which were made at both 

seepage r ings and the ring for study of effect of ground water 

fluctuation gave results whi ch were contrary to t he accepted ideas 

as to the ef'fect of temperature. 

A,:f'ter the seepage rates were corrected for changes in 

viscosity with temperature they showed a greater variation with 

temperature than before. Because of this fact the effect of changes 

in porosity due to the expansion and contraction of the air bubbles 

in the soil a s the vapor pressure cha nged with temperat ure, was 

investigated. In order to i nvestigate this effect, the percentage 

of air remaining in the soil had to be assumed. The computations 

indica ted that rraking the correction for somewhere be~veen 5 and· 
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10 percent·of air resulted in a corrected seepage rate, that is 
I r pra.;tic~l~y identical with the originally observed seepage. In I other words the viscosity and porosity corrections are compensating • 

The fact that differences in temperature under certain conditions 

do not affect the rate of percolation has been observed in experi-

ments else;vhere (6). This is a oo:nplex problem and additional 

study will have to be given ·-co it. 

Piezometer measurements at each seepage ring location 

showed that tr.e water table was not affected by t he operation of 

the seepage rings. In each case this was probably due to the fact 

that there was not an impermeable boundary near the rings. At the 

Poudre Supply rings the presence of ground water was not apparent 

throughout the season. The water at the Bellvue rings fluctuated 

with the stage of the Poudre River nearby. 

One purpose of the present study is to determine the 

accuracy of seepage meters and hovr to install them to get the best 

results. Over the four seasons of testing the SCS meter has been 

used in various types of soil contained in the seepage rings. The 

plastic bag (DSBR) meter has been used for two seasons and gener-

ally was installed side by side with the SCS meter. The meters 

were usually left in place for two-week periods. In all cases the 

meters were installed by pushing or jacking and never by hammering. 

In two types of soil, clay loam and sand, it was found that immed-

iately after the meters were ple.ced very high rates were deter-

mined. However, after several days the rates decreased and fairly 

constant seepage rates were determined. 
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On one occasion the measuring devices on the seepage 

meters were switched to see if the method might affect the results. 

Determinations were made with the plastic bag on one meter and the 

cup on the other. Another determination was immediately made with 

the plastic bag and the cup interchanged. This procedure was 

followed at the· two seepage ring installations. The results of 

these tests showed no significant difference in the rates, indi-

eating that the method was not a factor in the determination. In 

the study made at the University of Idaho (11) it was thought that 

' the plastic bag meter gave erroneous results because of the bag 

not transmitting the pressure equally from the _outside to the 

inside of the bag. 

In an effort to develop a calibration curve for the 

• seepage meter, figure 37 was prepared . The data for this plot 

were taken from almost 300 individual seepage meter determinations 

in the seepage rings. Only those determinations taken after the 

meter had been in place at least two days were used. This plot 

shows that for seepage meter rates from 0.1 to 1.0 foot per day 

the meter generally shows rates less than the seepage rings. For 

rates greater than 1.0 the seepage meter gave rates which were 

higher than those shown for the seepage ring. At the University 

of Idaho study (11) the seepage meter gave rates lower than from 

the seepage tank over a range of 0.2 to 2.00 feet per day. 

It is generally knovm that as the ground water approaches 

the ground surface the seepage rate will decrease. The magnitude 
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of this decrease is not known. Equipment was constructed so that 

I the ground water could be controlled to study this effect. Diffi-

I culty was encountered in separating the effects of t he ground 

water fluctuation and other f e.ctors which affect the seepage rates. 

It was noted that the rates increased or decreased as t he ground 

water was lowered or raised. Further study of this problem is 

planned for the next season. 

Well permeameter tests which were conducted at two loca-

tions gave results which did not compare favorably with results as 

determined from ponding tests. Generally, it has been found that 

the well-perrrBarreter tests give results which are much higher than 

those for the ponding te~ts. The following table is a summary of 

results of per~Bability tests in 1952. 

Station 

0+04.5 
0+09.0 

170+44 
174+46 
179+30 
183+60 

Average 

K 
Ponding 

Ft/day 

.90* 

0.15* 

.15 

•Average for canal 

K 
Well Perm. 

at Min. Vol. 
Ft/day 

K 
Well Perm. 

at end of Test 
Ft/day 

Canal X-Section 

.43 

.44 
.16 
.16 

Poudre Supply Canal 

.29 .49 

.37 .47 

.76 .42 

.61 .58 

• 51 .49 

K 
Disturbed 

Sample 
Ft/day 

.46 

.87 
1 .. 65 
.55 · 
• 55 

.90 
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In the case of the canal X-Section the well permeameter 

test results are lm,.er than those for the pending tests. Tile 

disturbed sample determination is also lower than the pending 

tests. For the Poudre Supply Canal tests the well-permeameter 

and disturbed permeability tests gave higher results than tilose 

from pending. The soil types in these two locations are very 

similar. The chemical compositions are very nearly the same with 

the exception that the soil at the Canal X-Section contains a 

higher percentage of lime. 

Seepage meter tests ~ade in the Canal X-Section were in 

very close agreement with the results of pending tests. Here the 

seepage meters gave a seepage rate of 1.18 feet per day as compared 

to 1.23 for the pending test. 

The addition of a waste cement dust lining to the canal 

section had the effect of speeding up.the seepage rate about 50 

percent. It is possible that t i1ere ;vas a base exchange of the 

material which caused this to happen. The cement dust _might be 

effective in a material which contains a considerable amount of 

sand. 
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SUMMARY 

As in previous seasons of seepage ring operation the 

effect of time with its related factors was noted as being impor-

tant in the seepage determinations. Without the additional 

factor of silting it was found that the seepage rate generally 

decreased with time but in one case the rate continued to increase 

during the testing season. 

The ''Effect of Depth Tests" showed that the seepage 

rate· was not directly proportional to the depth of water in the 

rings. The rate was proportional to the depth plus some length 

of soil column. This length varied with the location and type 

of soil. 

The tests conducted to determine the effect of temper-
' 

ature showed that the seepage rate was not constant even after 

the rings had been in continuous operation for several months. 

A variation of approximately 20 percent in rates over a 48 hour 

period was observed at one location with the variation becoming 

more pronounced after correcting the data for the change in 

viscosity. An attempt was also made to correct the data for 

changes in porosity as the volume of air bubbles in the soil 

changed with vapor pressure. It was observed that the correc-

tions for viscosity and those for changes in vapor pressure 

were compensating~ 

At each seepage ring location measurements of the ele-

vation of the ground water with piezometers showed no change in 
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tb.e po·sitio:n of the water table which could be attributed to 

aeepe.ge rin g operation. 

-~ _ 4 _ ca~~br~tion _ ~urve f~r - ~he seepage meters is presented ·- - ___ .,;.... _ -- ~ 

which shows that for measured rates up to 1.0 foot per day the 
~ 

_aeap1.E;e meters generally measured less than the true seepage rate. ----- - - - ~--- -

~~~-~tes of more than 1.9 the ~eepage meters gave results which ---- -·w -- --
w.ere t oo high . 

~ switching the measuring devices on the seepage meters 

Lt was determined that the method had no effect on the results of 

· the seepage meter measurements. The rates shown by the SCS and 

USBR :s·eepage meters were usually in close agreement when they 

were installed side by side. 
• • 

It was observed, using the equipment for study of the 
- ------.:-~~ ....::;::..~~ -5~ =--- ~,;_,_ . ., _ .. _ - .· - . ·- ._ .... -.... ?- .:::.;._. \,. .,__ --- __ ... __ -

effect of water table elevation, that as the ground water approached 
f ~ - . ::._- - - -

~the ground surface there was a decrease in seepage rate. The exact 

relat ionship of the depth to ground water and .the seepage rate was 

nut determined because of uncertainties in the data. 

Tbe stu~ ~es ~o determine the relationship of the well 

_ pe;m~e~er ~es~~ _ to the pending tes~s in two canals gave contra-

- ~at~ry_ results. At one location the well permeaffieter tests gave 

a. per.meab~lity _which was one-half that determined from the pending 

tes ts while at the other location the well permear:-,eter gave results 

which were t hree times those from the pending tests. Seepage 

meter t est s Ln one of the cana l sections gave results which were 

very near tltose for pending tests. 

< . 
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PROGRAM FOR 1953 J 

During the study of seepage it has become apparent 

that the capillary tension in the soil may be a factor in seepage, 

even after the soil has been wet for some time. The capillary 

tension in saturated soil should be zero, but if the soil is not 

saturated, there may be a definite tension which sould affect the 

seepage rate. The present plan is to install tensiometers in the 

soil in the seepage rings to find . out what the capillary tension 

is. Capillary tension may also be a factor in well permeameter 

observations, particularly when readings are taken for only a few 

hours. This also will be investigated. 

• The study of the effect of elevation of ground water 

. :} '<: 

on the seepage, which was started in 1952, will be continued and 

expanded. The observations made in 1952 were on sandy loam. 

Because of the difficulties e'1.count;;ered on account of leaks that 

developed, the observations on the sandy loam will be carried 

on for another season. In addition the seepage rings in sand at 

the Bellvue Laboratory site will be modified so that the effect 

of the depth to ground water in s~nd may also be studied. Both 

sets of rings will be operated under the same conditions. 

Well permeameter tests were made along the center line 

of a section of the proposed North Poudre Supply Canal in 1951, 

in cooperation with the Soils Division of the Bureau of Reclama-

tion. Estimates of seepage, based on the permeameter readings, 

G k «, 



were made by the Soils Division. The canal is now completed and 

water will be delivered through it in the summer of 1953. The 

present plan is to construct dams in the canal ·after the irriga-

' tion season, in order to check the estimates of seepage previously 

made. The sections between the dams will be filled with water 

and the seepage rate will be det errr.ined by noting the drop in the 

water surface of the ponds. The seepage rates determined by the 

two methods will be compared. 

Studies of the effect of temperature on the seepage 

rate indicate that the corrections due to changes in viscosity 

and porosity with temperature are compensating. The principles 

involved have not been determined and in order to study this 

problem laboratory studies are planned. Permeameter tes'ts will 

be made with wa tar at different temperatures to see whether the 

permeability changes vnth te~perature. Soils of different t ypes 

will be tested. 

After the field work on the project during 1952 is com-

pleted t he final report on the seepage study will be prepared. 
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