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)I:EASURING SE"EPAGE 
from 

• IRRIGATION :CHANNELS 1 

By A. R. ROBINSON, agricuUllral eng£neer, and CARL ROHWER, formerly project 
8u.pervi.~or, Soil and lVaier Conservation Research Division, Agricu.ltural Research 
Service 2 

INTRODUCTION 

Although irrigation has been practiced for many centuries, most of 
the very early irrigation projects no longer exist. Some of them came 
to an end because wa.trl' supplies fa.iled or because irrigation works 
were destroyed by invading armies. Many, howeveT, had t.o b{'. 
abandoned because the land became waterlogged or too heavily 
charged with .alkali to grow crops successfully. Poor drainage, over­
irrigation, and seepage from canals al1(llaterals all contributed to the 
failure of these pJ'ojeets. Today, the same fadors are causing much 
irriga.ted land to become \va,terlogged or too alkaline for successful 
.farming. The part that seepage from canals and laterals plays in 
producing these effects makes it a serious agricultural problem even 
aside from the fact that it involves loss of much irrigation water 
sorely needed by crops. 

Seepage 11as been defined by Tolman (15) 3 as the movement of 
water into or out of the growld. This definition differs from that of 
Ivleinzer (8) in that th(' word "movement" replaces "percolation," 
which Tefers specifically Lo the slow movement of water through small 
passages among the particles that make up soil or rock. In this re­
port, "seepage" means movement of water into or out of irrigation 
channels through interstices in the bed material. Seepage may be 
measured in eubic feet pel' square .foot of water surface or of wetted 
surface per 24 hours; in cubic feet per second per mile; or in percen tuge 

I The study reported here was begun in 1949 as a project of the Division of 
Irrigat,ion and Water Conservation, Soil Conservation Service, U.S. Department 
of Agriculture. On Jai}uary 1, 1954, this division became a part of the Soil and 
Water Conservation Research Branch of the Department's Agricultural Research 
Service. Cooperation in the study was received from the Bureau of Reclamation, 
U.S. Department of the Intcrior. and from the Colorado Agricultural Experiment 
Station. Details of the arrangements are covered by memorandum of under­
standing A8c-875, signed .June 20, 1949. 

2 The authors wish to express their appreciation of all aid received in the study. 
Dean F. Peterson, formerly .head of the Civil Engineering Department, Colorado 
Agricultural and Mechanical College (now Colorado State University), gave his 
support to the project and assisted in interpreting the data. Floyd Roush, Dale 
Lancaster, Chester l,Y..Tolles, and John Maletic, of the U.S. Bureau of Reclama­
tion, helped to plan .and conduct the invE'stigations. Ralph Rollins,formerly 
assiRta1lt professor of civil engineering, Colorado Agricultural and Mechanical 
con· "c(now Colorado State University), was .active on the project dUring its 
earl/ phases. Robert C: Accola and M. A. Roebecker, of the U.S. Soil Conser­
vatIon Service, and J. W. Tobiska, of the Colorado Agricultural Experiment Sta­
tion, made the soil and water analyses. n. N. Rolfe, of the U.S. Geological 
Survey, made valuable suggestions regarding technical problems. W. G. Wil­
kinson, water commissioner of District 3, Division 1, Colorado, arranged for de­
livery of water from 'the Poudre River for ponding tests. Sites for tests wcre 
provided by the Bureau of Reclamatioll, the Jackson Ditch Co., alld the North 
Poudre Irrigation Co. Students temporarily employed on the project gllVe much 
helpful 	assistance. 


3 Italic numbers in parentheses .refer to Literature Cited, p. 81. 

1 



2 TECHNICAL BULLETIN 1203, U.S. DEPT. OF AGRICULTURE 

of total flow per mile. Of these units of measure, cubic feet per square 
foot of wetted surface per 24 hours is believed to be the most genel'eJly 
useSful and is the one used in this report. bl 1 . b l' 

, eepage from canals can be reduced to reasona e iIlllts y ming 
the canals with concrete or other impervious material, by giving spe­
cial treatment to the canal bed, or by combiJling these methods. The 
cost of lining all the canuls of a project is in most cases prohibitive. 
Ho"w-ever, seepage \Taries widely among different sections of a, canal, 
according to the nature of the material in which the canal ' .... as exca­
vated ancllihe conditions under which it, i;; being operated; find seepage 
from canals could be reduced to reasonable limits at l'efisonable cost 
by lining or otherwise treating seutions of canal beds, if the areas of 
greatest seepage loss could be definitely located. In Hew projects, 
reliable forecasts of the seepage from the various reaches of the 
proposed canals would make it possible to determine in advance 
which should have a lining ancI which do 11.ot need one. 

The objectives of the study reported here were to devise better 
methods of measuring the seepage from e:\"1sting cana.ls and of fore­
casting the seepage from proposed canals and to obtain informa.tion 
on the influence of individual factors that affect seepiLge. 

FACTORS AFFECTING SEEPAGE 

Many factors are known to have n definite effect OIl seepage Tate, 
the principal ones being characteristic>s of the soil of the canal bed, 
length of time the canal has been in operation, depth to ground water, 
amount of sediment contained in the wateT, depth of water in the 
canal, temperature of the water and of t.he soil, percentage of entrained 
aLl' in the soil, capillary tension in the soil, and barometric pressure. 
Biological factors influence the seepage rate in greater 01' lesser degree. 
Salts contained in the soil 01' water affect the rate in some instances. 
Since all the factors act simultaneollsly, and some of them tend to 
counteract each ot.her, it is difficult to segregate the effect of anyone of 
them. Because of the mony variables involved and the complexity of 
their relations, 110 sat,isfa.etory fOl'llwla for computing seepage lIaS ever 
been developed, 

Seepage takes place under the combined influence of the forces of 
gravity and soil moisturp-tension gradient. "Then '~'ater is first tUl'llecl 
into a dry canal the fDrce of the moisture-tension gradil'nt may exceed 
that of gravity, but as the soil approadws saturation the foree arising 
from the moistuJ'P-tel)sioll gmdiPll L becomes small. COllsequen tly, 
ulthough the canal may at first lose a large amount of watn' not only 
lJY the percolation of water tlll'ough pores in the soil under the aetion 
of gravit:y but aho by moisture-/rJJsion gradients, the loss due to the 
latter S0011 decreases and is overshadowed by that caus('d by perco­
lation. The force associated with th(' t(,l1sion gradient ma,)' aet ill any 
directiona.nd may eaust' tht' soil watel' to TisI' many feet abov(l the 
water surface in the eallal. Fl'eq uen tly iL carries wateI' upward to the 
1'001. zone of plan ts or to the soil surin,ce. rrlwn, water is lost through 
the trnnspiration of pln:nts 01' tll1'ough evaporation hom the soil. Sueh 
losses arc gel' erally small ill ('ompttl'ison wi t h the oVPl'aU st'epage
losses from eanals. 

e, 


• 


• 


http:directiona.nd
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The factor most important in determining rate of seepage is the 

• 
permeability of the materiaJ forming the bed of the canal. Permeabil­
ity is a porous medium's capacity for transmitting water. It is in­
fluenced both by pore size and by percen tage of pore space, or porosity, 
but as pore size decreases permeability decreases in approximately the 
same ratio as the square of pore Cliameter (15, p. 4-5). This is the 
reason for the relative imperviousness of clays, which have high 
porosity but very small pore diameter. Soils consisting of a mixture 
of gravel and clay are almost completely impervious. The permeabil­
ity of gravel depends on the size and the size gradation of the gravel 
particles. Gravel ,vi"/;h a good rallge of particle sizes and good size 
distribution is less permeable than gravel of uniform particle size. 
Laboratory tests by the Geological SUTvey have shown that coarse 
gravel may transmit water 450 million times as fast as clayey silt 
(20, p. 11). The wide range of possible seepage losses is apparent from 
this fact. 

Seepage rate is determined in part by the head available to drive the 
water tprough the soiL This factor depends not only on the depth of 
water ill the canal but also on the depth to ground water and the 
nature of the material composing the canal bed. If the ground-water 
level is above the ",vater surface in the canal, water will seep into the 
canal from the surrounding area. If it is below the bottom of the 
canal, the efl'eetive head depends on the depth of water in the canal 
and tbe length of the soil column required to use up tbe available head. 
FOl' intermediate ground-water levels, the effective bead :is equal to 
the diff('rence in level betwN'll the water table and the water surface 
in the canal. In a stud:,,. of wat.er spreacliDg for underground storage, 
l\litchelson alldMuckel (9, p. 80) observed that the seepage rate de­
creased materially w·hen the gronnd-·water level reached the elevation 
of the surface of the spreading area. An increase in rate occurred 
while the ground-wateT level was dropping below the elevation of the 
spreading-area surface, but this trend disappeared when the ground­
water level had chopped a few feet farther. 

If the soil underlying an irrigation canal bed is less permeable than 
the beel, water lost by seepage spreads laterally as it :percolates down­
ward. In more permeable soil, water lust by seepage moves downward 
as .a film of moisture on soil partieles in the zone directly beneath the 
canal. Tn this case a tension gradien t occurs in tbe unsatmated soil and 
supplements tlle force of gravity in causing the downward movement. 
The nature of the flow under these conditions has been confirmed 
tJu'ough tests conducted by J~auritzen om1 Israelsen (7, p. 4-8}on a 
model ~aTlal section. 

• 

Because of the manv factors involved and tbe inLPlTelalions of 
these factors, it is difficult to deLel'llline what part of the seepage from 
a canal is d Ut' to the depth 01' water in the canal. Tests previously 
made b)" the Divisioll of IlTigaLion and 'Water COllservaUon on canals 
(13, ]Jp. 34-39) sho\\ecl that although seepage decreases as depth of 
watei· ckcreascs, tho two (:hanges are not clireetly proportional. Lack 
of eorl'elation oetwePII depth of \vater and seepage ratp lIas been 
rep0 1'l<'C1 also by Lane as eiLt'd by Tolman (15). Recent laboratory 
tests by Wal'lliek (18, pp. 40-4.1) in a tank 5 feet in cliame\;er showed 
tIJat seepage gonerally dpcroased as deptJl rlecreased, but t.hpl'c were 
anomalies in the data. 
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Time is a factor in rate of seepage from canals,because of 'changes 
tha.t occur in bed material with the lapse of time. 'Vater moving 
into the soil carries small particles in suspensiOII and deposits them in 
pore spaces,. and t~is gradually reduces the soil's porositr. If the 
water contams conSIderable amounts of cJay or silt, the process may 
markedly reduceth'a seepage rate in a relatively short time. Expan­
sion of the soil partiCles in certain types of bed material as they beco1l10 
saturated with water also reduces seepage. This is particularly true 
of soils containing clays of the montmorillonite type. However~ these 
soils also have a high capacity for shrinking while drying. Canals in 
soils .of this type usually have a high rate of seepage when water is 
first turned into them. Some organisms growing in the soil may 
decrease the rate of seepage (1), but others may increase it. Tests by 
Muckel (10) showed that addition of cotton-gin waste to the soil of 
water-spreading grounds definitely increased seepage rates. The 
gradual solution of the entrained ajr in the soil increases soil porosity 
and temporm·ily increases the seepage rate. 

Temperature,also, affects seepage rates. As temperature rises, the 
viscosity of water decreases about 1 percent per degree Fahrenheit. 
This change tends to cause rate of seepage to increase as temperature 
rises. However, temperature also affects the vapor pressure ·of the 
entrained air bubbles, and as the vapor pressure rises the volume of 
entrained air increases and soil porosity diminishes. Thus a rise in 
temperature, although it tends to increase seepage because it lowers 
the viscosity of water, also tends to decrease seepage because it reduces 
porosity by raising vapOl pressme. 

Salts contained in the soil and water may have a marked effeet on 
seepage rate. Water containing s0dium tends to puddle day 1:;oi1s 
and thus reduce seepage rate. WateI' containing calcium or sulfur 
makes soils high in sodium more porous. SOIDe recently developed 
chemicals are .available thn,t reduce the permeability of the soil. 

Rise in barometric pressure theoretically increases Geepage rate 
temporarily, because the force drivJng the water tln'ough the soil is 
gren,ter while the barometric pressure of the air in the soil and that 
of the atmosphere are being equalized. No data are available as to 
the influence of barometric pressure on seepage. 

'The influence of biological factors on seepage rate is beyond the 
scope of this report. 

Although 110 satisfactory form ala has ever h':en devised for com­
puting seepage, certain fundamelltalJ"elations of tlll:' factors influencing 
seepage rate have been definitely established. A.ecordillg.to Darcy's 
law (2), the velocity of flow through water-bearing materials is directly 
proportional to the head consumed and also to the permeability of 
the materiaL This la·w is generall.\T assumed to apply to flow through 
all saturated water-bearing materials in which the pores are of (~api1laI'Y 
size alld the flow is laminaI'. It applies also to seepage. Its validity 
has been confirmed b~r numerous experiments. 

In terms of factors involved in the stud)r of seepage, Darcy's law 
is expressed by the formula. 

Q=KIA, (1) 

• 


• 


• 

in which Q is tht' quantity of watt>r lost in uuit time, K is the coefficient 

http:A.ecordillg.to
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of permeabiJjty,' 1 is the hydraulic gradieiJL, and A is the wetted area, 

• 
of the canal betland banks. This formula ml1yalso be .expressed in 
terms of the head available, as 

Q=KhA (2)
l ' 

in which <2, K, an~ A have the same significance as before, h is the 
total head produ0Hlg seepage, and l is t.he length of the column of 
material through 'which seepage is taking place under the head, h. 

In these formulas K, the permeability coeffici.ent, is the measure of 
all the properties of the soil eomposing the bed of the canal that 
affect the seepage rate. Formulas are available for computing K from 
the temperature or viscosity of the ,,~ater, the porosity, and the 
mechanical analysis of the material, but these formnlas have not 
proved satisfactory. ~'1ore aeeurate permeability -values can be 
obtained by directly" measuring the flow through the material by 
means of permeamet.ers, by injecting dyes or chemicals into the water, 
or by fwalyzing cliscluLrgca.nd drawdown data from pumped wells (19). 
Thp.3e methods all provide useful information, l)ut they do not measure 
permeability in eritical areas of a canal bed, which determines the 
seepage rate. Furthermore, the ml1terial in the bed of a canal is not 
uniform, and l"E'sults of a test of permeability in one part of the bed 
may- differ materiall)~ from those of a similar test in unother. Changes 
in t1le muterial resulting from the test procedure, also, may have 8, 

marked effect on its permeability. Although tests on und~sturbed 
samples should give more aceurate Tesuhs than those on dIsturbed 
samples, a single root ehanuel or crack in such a sample may cause 
erroneouS results. The n.eeuracy of the results can be incl'eased by 
testing a larger number of sampies, but; this frequently is not feasible 
beeause of the diffi(,lIlt)~ of taking undisturbed samples and the eost 
of malting the tests. 

The area ,\-ithin a section of a ClUlal from which seepage is occurring 
can easily be determined from the wetted perimeter and the length of 
the section. Ho,,-ever, the factors 11. and l in the second equation 
expressing Darcy's law are intclTelated; l affects h. The effective hend 
can be determined by measuring the hydrostatic head in the soil at 
distance l beneath th{' hed of the canal and subtracting it from the 
head due to the depth of wat,er in the canal. This procedure, however, 
presents many difIiculties, and usually it is not attempted. 

Although Darcy's law is unsatisfactory for compnting seepage, 
because of the difficulty of det,ermining hydraulic gradient and perme­
ability for the sectiol1 of canal under test, it is useful in showing how 
the various factors thataifect the seepage rate are related. Seepage 

• 
4 The coefficient of permeability, K, of a material, aCbOrding to fiieinzer's 

definition as given by Stearns (J 4, p. 148), is the "rate of flow, in gallons a day, 
through a square foot of its cross section, under a hydraulic gradient of 100 
per cent, at a temperature of 600 F." Other investigators have defined the .coeffi­
cientin terms of cubic feet of flow per day. When the permeability is extremely 
,low, the coefficient may be expressed in gallons or cubic feet per year. Israelsen 
(5) has proposed the USt' of a different coefficient, which he calls specific water 
conductivity and defill('s as "the volume of water that will flow in unit-time 
througb a soll-column of tllJit cross-section area due to the driving force per unit_ 
mass corresponding t.o unit potf'ntilll-gradient." 

http:cliscluLrgca.nd
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is directly proportional to each of the factors permeability, hydraulic 
gra.dient, and area. An error in anyone of these factors affects a 
seepage measurement in like proportion. 

METHODS OF MEASURING SEEPAGE LOSSES5 

Various methods haYe be;m devised for measuring seepage in the 
field or in the laborai;ory. Some of these methods yield results in 
terms of aYerage seepage for a secti.on of a canal; others give the seepage 
rate for a small unit of arel1. or merely iurnish informaUon as to the 
permeability ·of a samp-Ie of the canai bed material either in its un­
disturbed state or in the state that results from crushing, screening, 
and recompaeting. When metholhl arc used that yield information on 
permeabilit.y only, additional observations must be made Lo determine 
the hydraulic gradient. The five commonly used methods of deter­
mining seepage are these: Inflow-outflo\\T, ponding, sf~epage-meter,' 
well-pelmeameter, and laboratory permeability. Special methods 
used include measuring the electrical resist.ance in areas where seepage 
is taking place and tracing radioactive material in the seepa,ge water. 

Inflow-Outflow Method 

The inflow-outflow method of determining seepRge consists in meas­
uring the inflow to and the outflow from the reach of canal under test 
and determining the difference. This metllOd is best adapt.ed to 
measuring seepage from long sections of canal in which there are few 
diversions and in which an appreciable amount of seepage is taking 
place. It can be used in short sections of canal i1J ,.,.-hieh seepn;ge is 
taking place at a high Tate. When seepage is measured by the inflow­
outfiow met}lOd, the stage of the canal should be kept constant during 
the test period, in order to eliminate the effect of bank and channel 
storage. Failure to take account of this factor may illtroduC'e large 
errors into the results. All diversions and leaks must be acC'uratelv 
measured, likewise lJ.ny inflow of waste water from irrigation of higll(~i· 
lands. A record of rainfall and evaporation should be kept, partic­
ularly if the seepage loss is small, even though tllese factors generall:v 
have no significant effect on seepage loss. 

Curren t meters are generally used to measure the flow in lar'ge canals. 
vVeirs, Parshall flumes, and orifices are most satisfaetoJ".v, in general, 
for measuring diversions and leuks. Small leaks in headgates or bulk­
heads, whieh have to be taken into aecount in testing lilwcl ('anals, 
can best be measured volumetrically with a ('a1ibrated ean. "Veil'S or 
Parshall flumes should be us~cl to ·measure the flow in farm laterals 
and small ditches; current meters are not adapted for measuring the 
small flows in sue}) chaunels. 

Inflow-outflow measurements of seepage can be made rather easily 
and do not involve interfering with the operation of the eanal. It is 
difficult, however, to make such meusurements so accurately that they 
will show the true loss. For this reason, the results are usually 
disappointing. 

5 For a more detailed discllssion of methods of measuring seepage, see Rohwer 
and Stout US). 

• 


• 

• 

http:adapt.ed
http:secti.on
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• 
Ponding Method 

The ponding method consists in measuring the rr.te of drop in a pool 
formed in the section of canal being tested and computing the seepage 
rate from this and the ratio of the water-surface area of the pool to 
the wetted area of the section. Since the necessary observations can 
be made accuratel~-, the results should be an accurate indication of 
the average loss from the section. An objection is thaI tlle still\\-ater 
in the pool ma,\- seep out at a different rate than tlJe flowing water in 
the canal. However, the difference is probabl~- inconsequential in 
view of the errors associated with other methods of making seepage 
measuremen ts. 

To eliminate the effect of wind, the rate of drop should be measured 
at each end of the pool. Staff or hook gages attached to already 
existing structures or to stakes dri\-en into the canal bed should be 
used. All leaks must be carefull~- measured, a,nd evaporation and 
rainfall should be recorded so tllat the drop in water surface can be 
corrected for these items. 

The ponding method produces the best results, and measurements 
obtained with it are generany used as the standard of comparison for 
seepage measurements obtained otherwise. This method is par­
ticularly useful in measuring small seepage losses. Ho\\-ever, it has 
serious disadYantages. Ponding tests can be made only when the 
canal is not in use. Constructing dams to form the pools is expensive. 
Providing water to fill the pools sometimes involves difficulties, par­
ticularly because the pools must be filled several times before the 
seepage rate becomes stabilized. Filling the pools, also, is a problem. 
If gates are jnstalled ill the dam, the~T have to be large and must be 
watertight. If pools are to be filled by pumping, expensive pumps 
must be installed. For these reasons, the ponding method is not 
used unless the importance of the tests warrants fairly large expendi­
tUTes, Furthermore, although the ponding method gives the average 
seepage from a pool, it does not show what the variation in the rates 
from different parts of the pool may be. 

Seepage-Meter Method 

Seepage meters measure seepage rate under normal conditions of 
canal operation for a small area at a time. Readings are taken at 
several points along the section of canal being tested and are averaged. 
The seepage meter consists of a cylindrical bell, a plastic bag, and a 
plastic hose. The bell is pressed into the canal beel. The bag is 
fIlled with ,,-ater, attaclled to the top of the bell by means of the hose, 
and submerged in the canal. As water seeps into the soil under the 
bell, water is drawn from the plastic bag in such amount that the 
pressure inside the bell is constantl~T the same as that produced on 
the hed of the canal by Ihe water in the channel. The amount of 
water seeping from ,the 'area under the bell is determined by weighing 
the bag at the beglllning and at t11e end of the test. The seepage 
rate per unit area. of the canal section is computed from the area of 
the bell, the seepage from the bell, and the elapsed time. 
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The plastic bag can be replaced with a small can attached to a. 
stake driven into the bank of the canal. The can is filled "with wa,ter 
to a level slightly above that in the canal. As water seeps into the 
soil under the bell, water is drawn from the can. At the time when 
the water level in the can becomes the same as that in the canal, the 
rate of seepage from the seepage meter should be the same as that 
from the canal. A hook gage and stopwatch are used to determine 
the rate of drop in the can. Since the can has a much smaller cross­
sectional area than the bell, the rate of drop is greatly magnified. 
The seepage rate is computed from the ratio of the areas and the rate 
of drop in the can. 

The seepage meter should be installed in the canal bed with the 
least possible disturbance of the bed material. Because of disturb­
ance of the bed material, the seepage meter usually overregisters if 
measurements are made immediately after the meter is installed. 
The meter cannot be used in very grav'eUy soil, because of the difficult~­
of forcing the bell into the bed of the canal, and in sandy soil it is 
likely to be washed away by the current. (Details of design and 
operation of seepage meters are given in the sertion beginning on 
p. 22.) 

Well-Permeameter Method 

Because seepage is directly proportional to soil permeability, the 
well permeameter was devised to measure the permeability of the 
soil along the axis of a proposed canal and thus obtain a. basis for 
predicting the seepage from the canal. 

The well permeameter consists of a calibrated suppl.y tank equipped 
with an indicator glass and an outlet pipe equipped with a float 
mechanism that controls tll!.' water level in the well. The wells in 
w11ich it is used are holes 4 to 6 inches in diameter and of a depth that 
varies with the horizon to be tested but must be 10 OJ' more times the 
radius. The hole is partly filled with highly permeable sand or 
gravel to reduce erosion and prevent caving, and the upper part, ill 
which the float is to be installed, is cased with screen. A constant 
water level, usually corresponding in elevation to the high-water line 
of the proposed canal, is maintained in the hole b)- the float and yalvr 
mechanism. The discharge required to maintain this {'onstallt watel' 
level is determined from the drop in the calibrated tank. Sinee thf.' 
loss from the well decreases with time, readin~s must be taken over a 
period of days to get the best results. It is Important that tJle well 
be kept filled continuously during the test, because breaks in the 
continuity of the data make it difficult to interpret them. 

The loss from the well in unit tim9 can be computed from the time 
interval between observations and the calibrated-tank readings. 
These data, plotted against elapsed time, show how the rate of loss 
changes with time. From this information, the diameter of the well, 
and the depth of water in the well the permeability of the soil is 
computed, and from this the prospective seepage from a canal in t.he 
same soil can be eomputed. Because the formulas required for these 
conversions are based on theoretical analysis and electrical-analogy 
studies, and because various assumptions have to be made that ma~­

• 


• 


• 
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not be justified b}T conditions in nature, seepage computations from 
well-permeameter data cannot be expected to agree closely with 
seepage rates based on ponding tests. The. method is probably ac­
curate enough for estimating the seepage from proposed canals undel' 
favorable conditions. 

This method has serious limitations in addition to those already 
mentioned. It requires a considerable supply of wat.er. As the tests 
must frequently be made in desert areas, far from a source of water, 
this may be a seri{)us handicap. The tn,nks must be closel}T watched 
to avoid having thL'm go dry, which would spoil the tests. Because 
each test has to continue for several days, the tanks should be watched 
24 hours a daT, and enough men to handle du,y and night shifts should 
be assigned to the job. 

(The well-permeameter met110d is further discussed, and results 
obtained with it are presented, in the section beginning on p. 37.) 

Variable-Head-Permeameter Method 

• 

The variable-head permeameter can be operated not only in dry 
canals but also in canals carrying water. It consists of a cylindrical 
bell, similar to that of the seepage meter, with a calibrated glass tube 
attached to its top. A small-diameter or a large-diameter tube is 
used, according to whether the seepage rate is low or high. As water 
seeps into the soil in the area enclosed by the bell, the water level in 
the calibrated tube drops. From the rate of drop in the glass tube 
and thetheoreticill 1ength of the soil column in which t,he head is 
dissipated, the permeability can be computed by means of a formula 
that takes into account the variation ill head (6). 

'rhe difficulty with this deviee is that the 1ength of the soil column 
cannot be accurately determined. It is usually assumed to be equal 
to the depth of penetration of the seepage bell. This assumption is 
probably satisfactory when the bed of the canal consists of a layer 
of a fairly tight soil overlying more porous material, but it may lend 
to serious errors if the soil profile is uniform. Also, when the variable­
head permeameter is used in dry canals the water pressure on the 
i.nside of the bell tends to push the bell out of the ground. Sufficient 
weight should be put on the bell to balance the uplift. The device 
is useful for measuring the permeabilit~r of treated-earth canal linings 
that are nearly impervious. 

Laboratory Permeability Method 

Laboratory tests of the permeability of soil along the line of a 
proposed canal ml1.~T be made on samples of either disturbed or un­
disturbed material. A large soil auger is generally used to collect 
disturbed samples, whieh al'e later dl'ied and pulverized. Undis­,. turbed samples are t,nken by cutting out cylindrical bloeks of the soil. 
Samples are taken at various depths, so as to include material from 
the different soil horizolls into which the ('anal would be excava ted. 
The material is placed in a glass or plastic cylinder, according to a 
definite procedure. 'Water is allowed to flow through the samples 
under a definite head, usually for a week or more, and at int,ervals 
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during this period the rate of flow through the soil is determined. 
A plot of the rate of flow against elapsed time shows how the rate 
changes. At first t,he rate decreases mpidly., After a time, for most 
soils, it becomes practically constant; for a few soils it ma.r increase. 
The rate at which the curve starts to flatten out is used for computing 
permeability. The seepage from the proposed canal is then computed 
in the same manner as in well-permeameter tests. 

Seepage rates based on permeabilities of undisturbed samples should 
be reasonably accurate if a large number of samples have been tested, 
although a satisfactory foi'lllUl.u. for converting permeability into 
seepage is lacking. The difficulty of obtaining representative samples 
and of sealing them in t.he permeameters m&kes the method time con­
suming and expensive. 

Seepage rates computed on the basis of permeability data for 
disturbed samples of soil are not accurate. Even though the soil in 
the sample is otherwise representative of that. in the canal bed, the 
stratification and compaction of the sample after it has been dried, 
pulverized, and placed in the permeameter for testing may differ 
widely from those of the soil in its natural state. Permeability com­
puted by use of a disturbed sample is likely to indicate fairly well the 
fundamental property of the soil, but it may have no relation to the 
property of the soil under natural conditions. Seepage rates based on 
permeabilities of undisturbed samples should be reasonably accurate. 
However, lack of a satisfactory formula for converting permeability 
data makes it questionable whether the additional effort needed to 
get undisturbed samples is warranted. 

Special Methods 

Seepage can be traced by adding radioactive isotopes to the water. 
However, addition of radioactive material to ground water is danger­
ous. Because the electrical resistance of soil ·,,·aries with the water 
content and with the salt content, measurements of this resistance can 
be used as the basis for estimating seepage. This method is effective 
in locating areas of concentrated seepage. Piezometric surveys are 
used to determine flow lines and pressure distribution in the soil under 
a canal. From this information plus permeability determinations the 
seepage can be computed. This method is suitable for laboratory 
,experiments, but it is unsuitable for field use because of the large 
nmount of labor involved. 

Some idea of the amount of seepage from a canal can be gained from 
the rise of the ground-water level in the surrounding area. The rise 
is affected by evaporation, transpiration, and outflow. In the spring 
and fall, when evaporation and transpiration are less than in the 
summer, a fair estimate of seepage can be made in this manner ill 
areas where outflow ean be measured in drains. 

PLAN OF STUDY 

Since the major objective of the seepage study was to devise better 

_ 
~ 

• 

• 

methods of measuring the seepage from exist.ing canals and of fore­
casting the seepage from proposed canals, some means of measuring 
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seepage accurately had to be devised to check the methods being 
tested. Accurate means of measuring seepage had to be available 
also for study of the effects of temperature, ground-water level, and 
depth of water on the seepage rate. Analysis of the study problems 
disclosed that the means adopted would have to provide accurate 
measurements of seepage into fairly large areas of soils of different 
textures for hourly and longer periods. (This would involve elimi­
nating border effects.) Drawbacks of the ordinary ponding method 
for this purpose have already been mentioned. 

The basic plan of study adopted was to install seepage rinS's, con­
sisting of metal cylinders set into the soil, in various representattve soils 
differing widely in permeability, in order to determine whether seepage 
could be accurately Pleasured by the seepage-ring method and if so 
to determine seepage rates for these soils. Complete analyses would 
be made of the soil of each seepage-ring installation and of the water 
supplied to the rings. All the seepage from the soil within a ring 
would occur through the bottom of the ring; the effect of a variable 
head on the sides would be eliminated. Inside the larg..: <;eepage ring 
a smaller one would be set, the seepage from which would be un­
affected by border influence. The water level in the rings would be 
controlled by float valves. Seepage would be determined by meas­
uring the inflow to the rings with domestic water meters while main­
taining a constant water level in the rings. For determining the 
seepage during a short period, the inflow would be shut off and the 
drop in the water surface during the period would be measured. 
Hook gages would be provided for accurately measuring the water 
level in drop tests and for determining changes in depth of water 
during periods of continuous operation. The drop tests would serve 
as a means of checking the accuracy of the water-meter measurements. 
Evaporation and precipitation would be measured. 

With the installations described, the precision of seepage measure­
ments would depend primarily on the accuracy with which the 
domestic water meters measured the inflow. Under most conditions 
evaporation, precipitation, and change in water level in seepage rings 
are rather small in comparison with the seepage, and consequently 
can easily be measured with the required accuracy. Since domestic 
water meters, under normal conditions and within the range of flows 
for which they are designed, measure water with an error of less than 
2 percent, it was believed that the seepage-ring method, except in 
speeial cases, would measure the seepage in a definite area more 
accurately than any of the methods ordinarily used for this purpose 
could do it, and that seepage measurements made in the manner 
described could therefore be used as the standard of comparison for 
testing seepage-measuring devices and for studying the effects of 
various factors on seepage. 

Because of limitations of the inflow-outflow, ponding, and other 
customary methods of measuring seepage, revealed by previous inves­
tigations, it was decided that in the present project the greatest 
consideration should be given to seepage meters. In previous tests 
with seepage meters (13) it had been recognized that accurate means 
of checking their performance would have to be developed before 
they could be recommended for use. 
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Seepage meters would be installed in the soil within the seepage 
rings, and the seepage rat.es indicated by these devices would be com­
pared with the rates obtained through operation of the rings. Like- .• 
wise the effects of various factors on seepage would be investigated 
by observing the changes in seepage associated with changes in each 
of these factors. 

Field use of seepage meters in existing canals in conjunction with 
ponding tests was planned, also field testing of well permeameters. 
These tests were planned as a means of further improving and cali­
brating the seepage-measuring devices. 

For study of the effect of depth to ground water on seepage, it was 
planned to prepare special installations in which this depth could be 
adjusted. 

SEEPAGE·RING TESTS 

Seepage rings were installed and operated in the vicinity of Fort 
Collins, Colo., in the period 1949-52, on five areas representative of 
sand, sandy loam, silt loam, and clay loam soils (tables 1 and 2). 
Two sandy loam soils were included-one with a low percentage of 
sodium carbonate and one with a high percentage; these soils are 
designated as sandy loam A and sandy loam B. 

T ABLE I.-Soil texture and other features of seepage-ring operation 

PeriodPlot and year Soil texture 1 Soil condition Source of water of op­or years eration 

Years 
Horticulture, Clay loam ___ . __ NaturaL. __ Fort Collins city___ 2 

1949-50. 
Bellvue: 

1950-5L _______ Sandy loam A ___ Disturbed __ Poudre River_____ 2
1952. __________ Sand ___________ _____ do_____ _____ do___________ 

1 
Poudre Supply:195L __________ Silt loam _______ NaturaL. __ Fort Collins city___ 11952 ___________ _____ do___________Sandy loam B_.__ Disturbed __ 1 

1 Of the two sandy loam soils, in different locations, B has a larger percentage 

r,f calcium carbonate than A (table 2). 


Equipment and General Procedure 

For the seepage-ring installations (fig. 1), 18 feet was chosen .as the 
diameter of the outer ring; the simihn' ring centered within the outer 
ring was 6 feet in diameter. The l"ings were made of 16-gage galva­
nized iron sheets 36 inches wide. They were set into the ground to a 
depth of 12 inches, and as a result formed tanks 24 inches deep. In . 
some instances a narrow circular trench 12 inches deep was made for f.' 
each ring, and when the ring had been placed in it the trench was 
backfilled; in others, the soil over the entire installation was excavated 
and was replaced after the rings wem set. 
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PLAN 

~.--. 

ELEVATION AND SECTION 

FIGURE I.-Plan, elevation, and section of seepage rings used in five represent­
ative soils. 

Each ring was equipped' with a calibrated domestic water meter to 
measure the water .flowing into the ring, and with a hook gage, at­
tached to a steel standard set in concrete, to measure the depth o.f 
water. Float valves were installed for use in maintaining a constant 
water level. A magnetic valVf' with float control was provided for use 
when very low flows were required. 

A standard Weather Bureau rain gage and a Weather Bureau type A 
evaporation pan were used. Piezometers were installed in several 
locations outside the outer ring and inside the inner ring. During the 
last season of the study period, soil thermometers were placed in the 
inner rings at depths of 1 inch and 1 foot. 

Water was drawn for some of the seepage rings from the Fort Collins 
water mains and for others from the Cache La Poudre River. The 
water was practically free of salt and contained little or no sediment. 
Total solids were less than 100 p.p.m. 

In general, the rings were operated cODtinuously for periods of .from 
4 to 5 months in the summer and fall. 

• 
Normally, readings of inflow as shown by the water meters and water 

level .as shown by the hook gages were recorded for each seepage ring 
twice daily. At the same times, records were made of air tempera­
tures and of water tempera.tures at both the water surface and the 
point of contact with the soil. At .frequent interval.. the water was 
shut off .from the rings for a period of 1 hour or less and the drop in 
water sudace as indicated by the hook gages was recorded. 'J'be water 
depths in the rings were kept constant at about 2.0 feet, except during 
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TABLE 2.-Analyses oj soils on sites studied 
MECHANICAL ANALYSIS 

Clay Silt Fine Coarse 
Colloids (0.001- (0.005- sand sand Gravel 

Plot and year «0.001 0.005 0.05 (0.05- (0.25- (>2.0 Soil texture 
mm.) mm.) mm.) 0.25 2.0 mm.) 

mm,.) mm.) 

PerCf1lt Percent Percent Percent Percent Percent 
Horticulture, 18.0 11.0 33,0 30. 0 8. 0 0 Clay loam. 

1949. 
Bellvue:

1950________ 1.5 4. 0 19. 0 55. 0 19.5 1.0 Sandy loam.
1952 ________ 0 .5 .5 14.0 i4.0 11. 0 Sand. 

Poudre Supply:
195L_______ 2.8 8. 0 55. i 21.5 12.0 0 Silt loam.
1952________ 1.0 5. i 22. 8 32. 8 3i. 7 0 Sandy loam. 

CHEMICAL ANALYSIS AND PERMEABILITY 

Total Or- CaC03 Permeabil-
Total gravi- ganic (cal- ity in dis-

Plot and year Soil texture pH soluble metric ma- cium turbed 
salts salts terial 	 car- state 

bon­
ate) 

I 
Percwt Percent Percent Percent Feet/day 

Horticulture, Clay loam____ i.6 o. 12 <0.5 ------ i.4 O. 1-0. 4 
1949. 

.Bellvue:
1950 ________ Sandy loam A_ <.5 l.i 3. 9-6. 0i. 9 <.02 -----­1952________ Sand_________ i. 9 <.02 <.5 o. 1 .1 .8-3.8 

Poudre Supply:
195L_______ Silt loam _____ 7.1 .11 <.5 	 1.2 .. 2 .05-.20
1952________ Sandy loam B_ 8. 5 .08 <.5 .5 14. 2 1.10-1.60 

drop tests and during periods when tests were being made to determine 
the effect of depth on the seepage rate. The elevation of the ground 
water was determined at the piezometers periodically. 

Procedure and Results on Individual Soils 
Clay Loam (Horticulture Plot) 

The seepage rings in clay loam (fig. 2) were operated in 1949 and 
1950. This soil was very sticky when wet and contained a large num­
ber of small root channels. The 1950 seepage rates and associated 
data are presented in figure 3 (in pocket inside back cover). The 
correction in the seepage readings for evaporation was insignificant; 
its maximum was of the order of 0.03 foot per cluy. 

Maximum seepage per square foot per day in 1950 was 25.5 cubic 
feet for the inner ring and 9.0 eubic feet for the outer ring. These 
maximmn rates are much higher than those for the previous season of 

e. 
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Sl'('jlllg-P rllt(' hHd d!'('/'('Ilspd to sw'b :Ill p,>tPllt tllHt it wno; illlflo,:;sihlp to 
kl'l'plh!' illtJ('/'-l'illg m{'(p!' opPI'atillg. TIH' c'()IlIll'l'tillg yuh(, IlPt\\'('!'11 
tIl(' ;1111('(' nlld tl)(· olltel' rillg WII~ tlH'/1 ojlc'lll'd tllld tIll' t\Yo pools \\pI'P 
ojlPl'lItpd I\S It 11 IIi t· tl.J<)lIgh tltp ('('Illllillc/PI' of' tlr(' S('asoll, PS('PP! du/'illg 
th(' dl'optl'sl,s.\J((,1' tIt(' high initial S('(,PllgP J'llll's.:\ fairly ('Ollsl!!llt 
rull' of abo"t J.() fool jlPI' <lny is illdil'nl('d. 

Tlrp S('('jmgp nI(l'S indic'nt('d llY drojl Ipsls ngl'l'('d I'!os!'l~ with tltOS(I 
bm;pd ollth(· ('(Jadillgs of Ihl' wntpl' Jll!'I(J/,s. Th(· S('('jHlg(' nll(' fo/' til(' 
illllPI' /'illg sOIl1l'linll's c,\('('(>cl!'rI !llllt fo/' (III' OIl!I'/' rillg. 
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After a, period in which the wateI' level had been allowed to drop and 
had then been brought up again, the seepage rate increased ma,trrially. 

At no time was any free water found either in the inner-ring pie zom- • 
eters, which had been installed at depths of ], 2, 4, und 6 feet, or in the 
piezometers outside the rings. 

Sandy Loam A (Bellvue Plot) 

In the seepage rings in sandy loam A (fig. 4), because of the nOIl­
uniformity of the soil and the presenee of lenses of eoarse sand, the soil 

• 


• 

FIGURE 4.-Seepage rings in sandy JoamA, on the Bellvue plot. SettliJ!g tank 

appears in background of A. \Vat,er meters :andfloat controls appear 1JJ B. 
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was exca.yated down to the underlying cobbles, carefully mixed, and 
shoYeled back into the rings in la.\-crs, each of which was compacted by 
turning water into the rings. This soil contained only].7 percent of 
calcium carbonate. The rings were operated in 1950 and ]951. Be­
cause the rate of seepage from the inner ring was relatiyely low, water 
meters could not be used to measure the inflow there and it was nec­
essary to fill the ring at each reading and then allow the water }eyel to 
drop until the next reading to determine the seepage loss. Howeyer, 
water was allowed to flow into the outer ring continuously throughout 
the season, the inflow being measured with the water meter. As a 
check on the water-meter readings, frequently the water was cut off 
and the rate of drop noted for a short period. Drop tests of brief 
duration were made on the inner ring, also. 

The 1951 seepage rates amI associated data an' presented in figure 5 
(in pock{,'t inside back cover). 

At the start of the 1951 season the outer ring had a seepage rate of 
about 0.90 foot per day. Seepage increased graduulIy for about 3 
weeks, until it amounted to ] .30 feet per day. The rate then declined 
gradually until at the end of the test period it was just oyer 0.20 foot 
per day. Seepage from the inner ring started at a rate of 1.10 feet 
per day but gradually decreased throughout the season, ending at 
about 0.15 foot per cIa)'. The rates for both inner and outl'l' ring 
consistently ran below the rates determined the previous season. 

The drop t.ests usua.lly checked elosd)~ with the wat.er-meter 
measuremen ts. 

The initial seepage rates for the second season (1951) were prae­
ticall \" the same as the filial rates for the first. The rates deelined 
durirlg the 1951 season, alld at its end the)' were only one-quart.er as 
great as the final mtes of 1950. 

Feeding water into the soil at a high mte had no effed 0'1 the positioll 
of the water table in the vicillity of the rings. The only observed 
fluctuation of the water table ,\'as due to changes of stuge of the 
Pou(h'(' RiYer nearby. 

Sand (Bellvue Plot) 

To obtain seepage <ia La for a material more pf"rmeable thall the fine­
grained soils 011 whie11 tests had preyiousl)T bepn made, ill 1952 n. 
seepllge-rillg lnstallation \\'as made in relatively coa.rse sand on thp 
Bellvue plot. The sand lIsed, eharaeterisLics of whie11 arc given in 
table 2, was a- rin~r-bed matprial tha.t had bpen Sl'l'l'l'!1l'f1 and washed. 
Befon' the rings were set in place, the soil was excavat('(l to a depth of 
:3 feet over an urea. 20 feet in C\iam('tl'l'. The saJld WIlS shovekd into 
the rillgs in hl.)-PJ's, ('I1.ch of whieh \\ ns ('ompact('(1 wi 1h wat('r. These 
rings wel'e oppra!pd continuol1sly for a period of .about 4 months. 

'flip] 952 sl'Ppngp rates alld assoeiated data ar'p presPllted in figure 6 
(in pocl\:('t illsidp 1)a('k coyer). 

TIle illitial rate of seepage through til(' sand was about 7:0 h'et pel' 
day. The dailY ra,te il1er'l'asl'd for a,\1{)\lt 20 du;vs ulltil it l'{'uehed a 
lTIu'ximlllll of 115.0 f('('(, thl'll dp(,J'eased to the' origInal 7.0 fl·et. Becaus(' 
of tlwse high rate's, $OBH' dink-ult)- w!1s eneoulIter('d in supplying 
('Ilough ,\-utl'J' and it was lIPC'PSRu.ry to operate with the rings inter­

http:lIPC'PSRu.ry
http:one-quart.er
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connected for the first month. On several occasions, silt was brought 
in with the water because of a rise. in the river. To break up the 
resulting silt layer, the bottom of each ring was raked at two different 
times. Near the middle of the testing period, seepage from the inner 
ring became so low that it was necessary to install a magnetic valve 
to control the flow. By use of this valve, all the flow w'as made to 
take place during short periods at high rates, which facilitated accurate 
measuremen ts. 

When the valve connecting the rings had been closed and the tw-o 
rings were operated separately, seepage from the outer ring was 
always greater than that from the inner ring. On September 1 the 
rates for both rings dropped below 1.0 foot per day. When the 
bottoms of the rings had been raked the rates increased to 3.5 feet 
per Ciay, but they then declined gradually. At the end of the period, 
the inner ring had a daily rate of 0.4 foot compared with one of 0.8 
foot for the outer ring. During the whole test period th~ soil temper­
ature at 1.0 foot was practically the same as the water temperature at 
the bottom of the pool. 

Results of drop tests are in close agreement with losses shown by 
the water-meter measurements. 

As in the case of the water-level determinations outside the rings 
during the tests on sandy loam A at the Bellvue plot, the fluctuations 
were governed by changes in water level of the Poudre River. 

Silt Loam (Poudre Supply Plot) 

The first seepage-ring installation at the Poudre Supply plot was 
made in a soil (table 2) classified by the U.S. Soil Survey as a silt loam. 
This site was chosen because of the heavy soil, seepage through which 
was expected to be small. Digging for pll1cement of the rings \vas done 
in such a way that virtually undisturbed soil would be tested. 'Vater 
for the rings was obtained from the Fort Collins water-supply pipeline, 
which passed nearby. The rings were operated in 1951. 

Very soon, seepage from the inner ring was found to be too low to 
keep the water meter in oppration. Accordingly, the ring was filled 
once each day and the seepage rate was determined by noting the drop 
in the water surface. A similar difficulty was encountered in the outer 
ring after about 2 months of operation. From this time, the water 
was allowed to run into the outer ring during the day but was cut off 
overnight, and the seepage during the night was determined from the 
drop in water surface. The soil surface in the rings \'laS brushed on 
October 1. This treatment did not increase the sC'epage materially. 
The seepage ra tes were corrected for evaporation by subtracting 
0.70 of the pan evaporation, 0.70 being the factor required for convert­
ing Weather Bun'uu pan evaporation to reservoir evaporation. 

The 1951 seepage rates and assoeiated data are presented in figure 7 
(in pocket inside baek cover). 

At the start the inner-ring rate was only about 0.025 foot pel' 
day. This rate gradually increased for about 3 weeks until a maxi­
mum of 0.060 foot per day was reached. Afterward occurred a gradual 
decrease almost to zero. At times, it was almost impossible to 

• 


• 


• 

separate the seepage and the evaporation. In the outer ring an 
initial daily rate of approximately 0.30 foot\vas maintained practically 
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constant for 1 month. After that time a rather rapid decrease was 
shown for about 2 weeks, when the rate became fairly constant at 
about 0.05 foot. There was a gradual decrease to a rate of about 
0.03 foot per day. This rate was maintained from about October 6 
to October 22, when a sudden increase in seepr.ge occurred in a very 
cold period during which the water temperature decreased sharply. 
The results of the drop tests agree closely with the water-meter 
measurements made in the outer ring. 

No free water was found in the piezometers outside the seepage 
rings at any time during the tests. 

Sandy Loam B (Poudre Supply Plot) 

After one season's operation of seepage rings in fairly heavy soil 
on the Poudre Supply plot, it was decided to move them to more 
permeable soil farther up the slope in the same vicinity. Oharacter­
istics of this soil are given in table 2. It should be noted that this 
soil contains 14.2 percent of calcium carbonate. 

• 

In making the excavation required for installing the rings, channels 
of material of an entirely different type were found, indicating the 
existence of an old prairie dog colony. For this reason it was necessary 
to excavate a hole about 20 feet in diameter and 3 feet deep, thor­
oughly mix the' soil, and then replace it in the hole. The mixed soil 
was put back into the hole in layers, each of which was settled with 
water. A.fter the hole had been filled to a depth of 2 feet, the seepage 
rings were installed and anl)ther foot of soil was put into the rings 
and compacted by floodiug.

These seepage rings in sandy loam B ,'..-ere operated for about 4 
months of 1952. Three times a week the water was cut off and seepage 
determinations were made by observing the drop in water-surface 
elevation. A magnetlc valve to control the flow into the inner ring 
was installed after the seepage rate there dropped so low that the 
conventional meter woulcl not operate. The seepage rates and 
associated data are presented in figure 8 (in poeket inside back cover). 

The initial daily Tate Jor the outer ring was about 1.1 feet and that 
for the inner ring was 0.9 foot. There was a general decrease in 
rates for l\.bout a month. Rates then increased until, after about 
3 months of operation, a maximum of nearly 1.4 feet was reached in 
the outer ring ancL one of 0.95 foot 'in the inner ring. The greater 
part of the increase occUlTed after the water level was lowered and 
then raised. The results of the drop tests check closely with the 
continuous data. 

The soil temperatures at I-foot depth at this location agreed 
closely with the mean of the water temperatures for the 24-hour 
period.

At 110 time during the season did water appear in piezometers 
that had been installed inside the inner ring and near the outer ring. 

• Discussion 

The close agreement bet\veen the seepage rates based 011 water­
meter meaSLlrements lWeI those based on drop tests demonstrated 
that seepage loss from the rings in each of the different soils could be 

http:seepr.ge
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accurately determined with the water meters except when it was ofthe same•order of magnitude as the evaporation. Precise agreementof the results obtained with the two methods should not be expected,because whereas the water meters measUl'ed the seepage for periods •of 8 hours or more the drop tests measured it for periods of not morethan 1 hour. Tests discussed later (on pp. 57-69) showed that therewas considerable variation in seepage rate during a 24-hom' period,which would account for the differences between the results obtainedwith the two methods. Seepage from the rings as determined by useof the water meters could therefore be used as an indicator of theseepage rates for the soils represented in the tests nnd as the standardof comparison in testing seepage meters and in studying the effectsof various factors on seepage rates.
In clay loam, where the rate of seepage from the rings in 1950, very
high at the beginning, decreased rapidly for a short time and then
remained practically constant for the remainder of the seaSOll, an~'
variations from these trends seemed to be due to changes in temper­
ature 6 and barometric pressure. Because of the low salt content
of the soil and the purity of the water used, application of the water
would be expected t,o have very little effect on the soil's permeability
(3). The fact that the rate of seepage from the inner ring was higher
than that from the outer ring for part of the season, both in 1949 and
in 1950, indicates that border effect was not always the controlling
fac.tor in determining the difference between the inner- and outer­ring rates. That the lapse of time is an important factor is shown bythe fact that the seepage rate was lower at the close of the 1950 season
than at the close of the 1949 season.

The fact that no free water was found in the inner-ring piezomelers
indicated that moisture tension existed in the soil under the ring.In sandy loam A, as in clay loam, decrease in seepage rate ap­parently resulted from changes accompanying the lapse of time.Because of the chemical composition of the soil, the water used wouldnot be expected to affect soil permeability. The rise in the seepagerates that occurred when the water levels were allowed to drop andthen brought up again was not so great as the one that took placeunder similar conditions during the tests on clay loam.
In sand, in which seepage began at a very high rate, increased forabout 20 days, and then decreased gradually to about one-tenth ofthe original rate, the decrease could be. attributed chiefly, but notentirely, to silt brought in with the water on several occasions. Asin previous tests, time was a factor in the decrease. Because of thechemical composition of the soil, addition of the water used wouldnot be expected to affect soil permeability.
In silt loam, the results demonstrated the fact that a· large .range inpermeabilities can be encountered within a small area. The increasein the outer-ring seepage rate after a few days of extremely coldweather was probably due to absorption of entrained air in the soil.As water never appeared in the piezometers, it was evident thata saturated zone under pressure never existed beneath the rings. 

6 For an account of specinl tests to dntermiJl(, till' effect, of templ'raturc onseepage, see pp. 57-69. 
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The fact that seepage in sandy loam B followed trends entirely 
unlike those of seepage in any of the other soils, decreasing for about 
a month and then increasing and sta.\-ing at higll levels for the j'e­
mainder of the period, probably reflects the influence of two factors: 
The original disturbance of the soil, and the leaching of soluble ma­
terial from the soil, which hus a high calcium carbonate content, 
No satisfactory explanation was arrived at for the major increase in 
seepage .after a series of drop tests. 

JUtho.ugh silting was believed to be the chief l'eason for' a rapid 
early decrease in l'ates of seepage thl'ough sand, reduction in rates 
that occurred in clay loam, sandy loam, and silt lo.am could no.t pos­
sibly llave resulted fl'o.m silting. In these soils, reductions wel'e 
probabl}- caused in the main by micro.biological action and the break­
ing down of soil aggregates. .Maximum and minimum rates for each 
of the soils are presented in table 3. 

The results show that soil textme ma}, no.t be the controlling factor 
in seepage rate, although generally lower seepage was asso.ciated with 
higher percentage of clay. The fact that the clay loam had a very 
high initial rate of seepage, one much higher than would be expected 
in this kind of soil, may have resulted fTom the presence in the soil 
of a considerable number of small holes caused by decay of roo.ts. 

T AB.I.E 3.-J.\laJimum and minimum mtes of seepage for soils of different 
text1L'reS in J3eepage-ring tests 

Soil t{'xture I and year 
Outer ring Inner' ring 

or year>; 
Maximum IVIinimum Maximum Minimum 

Feet/dav Feet/dav Peel/dav Feel/dav
?- -Clay loam, 1.949-50. _ _ ,. "_ \).0 1.0 _0. 0 1.0 

Sandy loam A, 1950-51 ___ . __ . __ 1.3 .2 1.1 . ] 
Sand, 1952__ . •. _,. _.• _ , __ .. __ _ 15.0 .8 15.0 .5 
Silt loam, 195 L _ _.. __ .. _ ___ __ .3 .02 .07 .01 
S:lndy loam B, 1952 ____ . _ . ___ .. _ 1.4 .3 .9 .3 

I Of the 2 sandy loam Soils, in different locations, B has a lllrgrr percentage of 
calcium carbOllate tlulIl A (tltble 2). 

TIll' increase in seepage rates that usually follO\vecl when the wa,ter 
level, after being allowed to. drop, was brought back Lo its original 
height made it seem that the increase in head had opened up new 
in terstiees for th(' passage of water. 

The faet that no free water was fOllnd in the piezometl'rs around the 
outer rings sho.wed that no ground-water mo.und was built up under 
the rings in any of the soils. This, and the fact that the only-fluctua­
tio.n in ground-wa,ter level observed was due to an o.utside factor, the 
stage of the rivl.'r, indieated that there was no impermeable la)-er in 
the soil !lell!" the ground surfaee. Apparently the rall.' of seepagc was 
gov(,rrl(\d b)~ a thin layer of relatively impenmlable material at the 
surface and this lay('r was ulld('rlain bya stratum through whieh wat,er 
~~ould move freely_ 



22 TECHNICAL BULLETLl\T 1203, U.S. DEPT. OF AGRICULTURE 

SEEPAGE-METER TESTS 

Two types of seepage meter were used in this study, those developed 
by the Soil Conservation Service and the Bureau of Reclamation, 
respectively. In this report they are called the SCS meter and the 
USBR meter. The meters were tested in seepage rings to find how 
closely the rates tbey showed agreed with the rates shm\'"ll by the 

• 

=f 
~-~.-t_C\J 
11-----12'..'=----->I!

Diameter -<.0 

• 
FIGURE 9.-Diagram of the Soil Conservation Service seepage meter. 
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seepage rings and also to find out how the meters should be installed 

• 
and operated to get the best results. Some measurements were made 
with the meters in operating canals and compared with ponding 
measuremen ts. 

Equipment 

The SCS seepage meter (figs. 9 and 10) has a bell 12 inches in 
diameter and 6 inches deep, with it sharpened edge around the open 
end to facilitate installation. A valve at the top of the bell is used 
for releasing trapped air. A cup about.2 inches in diameter having 
a petcock attached near the base is connected ,,,ith the bell by means 
ofa %-inch rubber hose. The cup, together with an attached hook 
gage, is fastened to a stake. This stake is driven into the ground or, 
when the meter is used in seepage rings, clamped to the upper edge 
of the outer ring. The hook gage was used to measure the (h'op in the 
cup when the valves were closed and the elevation of the water surface 
in the rings when the valves were open. 

• 


FIGURE lO.-Soil Conservation Service seepage meter, with metal bell. 

• 

The design of the USBR meter (fig. 11) is essentially the same as 
that of the SCS meter except that a different measuring device is used. 
T.his meter has a bell 2 square feet incross-sectional area and 8 or 12 
inches deep,at the top of which area valve that can be opened to 
e:\-pel trapped air or water when the meter is beinD' installed and a 
small connection for attaching a .flexible tube thai. le~ds from a plastic 
bag for llOlding water. 

Procedure 
In preliminary tests of seepage meters, the meters were forced into 

tbe soil by hammering t.hem with a bar. Because this seemed to haNe 
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• 


• 


FIGURE ll.-Bureau of Reclamation seepagE' meter, with metal bell and plastic 

bag. 


the effect of puddling the soil and tll LIS 10\\-{,l"ing tlw indicated seepagt' 
rate, all subsequPllt installations \H'I"P madp eithe1" by standing on t11e 
bell to fo/'('e it into til(> soil or by using a jade In most ('ases two 
men wp/,(> ablp to fol'ct' the m(>t(>r into position by standing on it and 
rocking baek and fortl!. 

Aft(>r the S(,S m(,tel' had b(>(>n instaEN[ in the soil, Ole peteock On 
th(> (:L1P ,\-as dosed and wat('1' was pOlll'C'Cl into the eup. ' 'fhis foreed 
out the ail' tmpped in th(> rubber hose and in the top of the bell. 
The hook gage and ('up \\-ere then damped to the ou tel' ring unci a 
Teading of the wlltel' (·Ievation wus takell with all th(> valves opt'n. • 
Next, ,ail valves \\ere (·losed ane! WnL(>l' was poured into tlw eLip t,o a, 
leyel all jueh 01' so l1igJ)('1' than that of till' wl1tproutside. The drop 
in the' cup as the watl'r seeped intp the soil under tllp bell\\~as timed 
with a stoP'~'Il,(,ch until the ''''H.ter len'1 in the nup sank below that in 



•• 

25 MEASURING SEEPAGE FROM IRRIGATION CHANNELS 


the rings, The rate of drop in the cup at the time when the two wR,ter 


• 
levels were the same was converted to a rate of drop OVer the area of 
the belL The result was the seepage rate, 

In preparation for making a seepage (tetermination with the USBR 
me\er, care ,vas: taken to e)..-pel trapped air b)' forcing water through the 
fleXlble tube WIth the valve at the top of the hell open, The plastic 
bag was then filled with water, weighed, attached to the tube, and 
submerged. The valve at the top of the bell was closed, and the 
clamp on the tube was .opened. As the water in the bell seeped into 
the soil it was replaced by ,,"at,er from the plastic bag. After a pre­
scribed length of time the bag was Temoved and again weighed. This 
gave a seepage rate for the .area of the bell. 

For tests that were made for the purpose of calibrating a seepage 
meter, the meter was always installed in the outer seepage ring. The 
innd' ring, because seepage from it \\"as to be used as a standard, was 
not disturbed. The rates determined could be comnared with the 
rate of seepage from either the inner ring or the outer-ring. 

The SCS seepage meter was tested in each of the seasons 1949-52, 
the USBR meter in 1951 and 1952. In the two seasons when both 
types of meter were used, the~~ were usually installed side by side in 
the outer seepage ring, and a determination 'with one of them was 
followed immediately by a determination with the other. The tests 
widl the SC'S meter 'wel~e always duplicated and the results averaged. 

The first test in a seepage ring was made within the clay after the 
metp)'s were instaUed, and others followed at 2-day intervals. After 
14 to 20 days the meters were pulled out and reinstalled at a short 
distance, so that by the end of the season meter tests had been made 
at a sufficient number of points within the outer ring to sample the 
area ,adequately, 

In two tests the measuring devices of the t\\-O meters were inter­
changed to see whether this might affect the results. 1'0 determine 
w]Jetber absence of sunlight inside the standard SC'S meter might 
affect results, a meter of clear plastic was construct.ed on the same 
design and tested. 

During 4 seasons of testing, almost 300 seepage-meter determina­
tions were made in the seepage rings. 

On four occasions, the seepage met.ers were test,ed in co,nals in which 
poneUng tests were in progress, They\\"ere ahmys Installed in the 
bottoms of the eanals, neyer in the sides. 

Experimental Results 

Seepage ft1eters in Seepage Rings 

SN'page 1·a.t<'S determined with s('('pagC' Illeters installed :in Se('page 
rings fl.r(' presented in tabks 4-10 in eomparison win) th(' rnt.t~S rkt.er­
mined \\'itl! the seepage rings. 

Detprmillations mack in day 10a.m in 1949 witll 1111 SCS meter 
installed by hllmmC'ring \\ erp uJI lUuell less than thosp obtained by 
use of the seepage rings, but tl10Sl' made in tbis soil willl a.n SCS 
metC'f install('(I by pressing ("orrespouded C'losely with the SCl'pagC'-ring 
l'a.tt'S (t.n,bIe 4). Considprablp varia,Lion appcarN\ among ra\.(:'s deter­
mined with this meLp!" at tlu'C'C' of the four incli,"idual settings. 

http:construct.ed
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TABLE 4.-Beepage .rates in clay loam in 1949 as determined with the 
SOSseepage meter, installed by hammering and by pressing, in 
comparison with those determined with seepage rings • 

Rate obtained with-· 

Method -of installing meter, Water 
location,l and time depth SOS Iuner Outer 

meter seepage seepage 
ring ring 

Hammering: 
Location A: 

1l/12{3:0i p.m________________ 
3:35 p.m ________________ 

r:35 p:m ________________ 
11/14 2:54 p.m ________________ 

3:3i p.m ________________ 
11/18,3:05 p.m ________________ 
11/19,10:13 a.m _______________ 

Fed 
1.3i 
1. 3i 
1. 46 
1. 46 
1. 46 
.8i 
. i6 

Fed/dar
1.0i 
1. ]3 
1. 61 
1. i5 
1.7i 
.53 
.39 

Feet/dall
3. 45 
3.45 
3. 05 
3. 05 
3. 05 
1. 80 
1. 31 

F.d/dav
4. i3 
4. i3 
3.3i 
3. 3i 
3.3i 
2.30 
1. iO 

Location B:
11/19,3.:12 p.m ________________ 
1l/21e:03 p.m ________________

3:46 p.m ________________ 

.82 

.83 

.83 

.26 

.49 

.4.9 

1. 2i 
1. 5i 
1. 5i 

1.40 
2. 20 
2.20 

Pressing: 
Location 0, 12/4{1 :55 p.m __________2.13 p.m __________ 

.86 

.86 
1.83 
1. 'i8 

1. 60 
1. 60 

1. 60 
1.60 

Location D: 
12/i{3:12 p.m _________________ 

3.40 p.ln_________________rw p.m••• _._ - - ­ _•• - - _._ 
12/9 3:10 p.m_________________ 

3:32 p.m_________________ 
3:46 p.m_________________ 

1. 43 
1.43 
1. 93 
1. 93 
1.93 
J. 93 

1. 4i 
l. 44 
2. 56 
2.88 
2. 8i 
3.05 

1. i9 
1. i9 
3.06 
3.06 
3. 06 
3.06 

2.05 
2.05 
? -. ~. i}i} 

? -­~. ()i) 
? -. 
~. ()<>
? ••
_.i}i} 

• 
12/10{~:~~ p.m ________________ 

~:~I p.m ________________ 
1. 94 
1. 94 

1. 8i 
1. 8i 

2.54 
2. 54 

2.00 
2.00 

1 Location of the seepage meter within the Qut€r seepage ring. 

The results of tests made in clay loam in 1950 with an SOS meter 
installed by pressing followed a definite pattern for each location 
(table 5 and fig. 3). Rates determined with the meter within a day 
after it was installed were usually much higher than the true rates. 
Invariabl:y, after a period of from 2 to 8 days the meter .gave readings 
comparable to the true rates. At tile end of a12- to 30-day period the 
meter readings, on an average, ·were about one":half as large as the 
inner-ring rates. 

In sandy loam A in 1950, the first rate determined with the SOS 
meter at each ·of four different locations 'was lower than the inner-ring 
rate (table 6). Generally, the meter gave rates that were fairly con­
stant for a given location and close to the inner-ring rates. The metel' 
rates, unlike those in clay loam, did not decrease with time. 

When tests were made in sandy loam A in 1951 mth the standard 
SOS meter,a meter made on the SOSdesign but of clear plastic, and. 
the USBR meter,generally installed side by sidea,nd read almost 
simultaneously, variations appeared in the results obtained with 
each of the three meters (table 7, fig. 5). The.rates determined with 
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TABLE 5.-Seepage rate8 in clay loam in 1.950 as determined with the 
SOS 8eepage meter) in compari8on with tho8e ,determined with seepage 

ring8 
----------------------------.----~~------------------

Rate obtained with--

Location and time Water 
depth SOS Inner Outer 

meter seepage 
ring 

seepage 
ring 

Location A: Fut Feet/dog Feet/day Feet/dog6/29______________________________ 
7/11 ______________________________ 1. 94 3. 25 ----- ... -- 1.29 

1.92 .73 O. 86 1.527{13______________________________ 
1. 92 .70 .98 L 507/17______________________________ 
1. 92 65 83 1. 387/25______________________________ 
1.92 .52 92 1. 387/28___.___________________________ 1. 92 .54 96 1.09 

Location R: 
1. 90 5.38 1. 05 .98 
1. 90 2. 51 1. 05 98 

°/~_________________________ ~ _____~~i~~=~======:================::::
OIA L .90 1. 84 .93 .938/7_______________________________ 
8/9_______________________________ 1.90 L 17 .1)3 1.00 
8/11______________________________ 1- 90 1- 04 89 .97 

1. 90 90 .84 .958/14______________________________ 
8/17______________________________ 1. 90 .79 1. 50 .94 
8/21 ______________________________ 1. 90 71 1. 50 .96 

1.90 .64 l. 50 1.00 
Location8/25 0: 

8/28______________________________ 1. 90 4. 17 1. 30 1. 20 
8/30______________________________ 1. 90 .81 .81 .86 
9/1 _______________________________ 1. 90 73 .93 88 
9/5_______________________________ 1.90 .78 .88 1. 07 
9/6_______________________________ ].90 .66 .97 .84 

1. 90 .68 94 .87 
Location D:9/8_______________________________ 

9/11 __________ - ___________________ 1. 90 .. 86 73 88 
1.90 .47 1. 08 .909/13______________________________ 
1. 90 45 1. 00 1. 07.9/15______________________________ 
J. 90 .40 .83 1. 059/18____________________ • _________

9/20______________________________ J. 90 .38 1. 10 1. 20 
1. 90 .37 J.55 1. 18 

Location9/25_________________ E: •. ___________ 
1. 90 2.58 I. 39 1. 12 
1. 90 70 1. 23 1. 08 

10/5______________________________ 1.90 .60 1.43 1. 02 
10/6______________________________ 1. 90 .46 1. 51 1.17 
10/9_____________ • ________________ 1. 90 .45 ... --- ...... ,..- -------­
~~~~~==:==:=:=::==:=:~:=::::=:~~== 

l. 90 .66 L 32 90 
Location11/t>-F: _________ . _________ .. _. _______ 1. 90 4.36 1. 39 1. 4.6 

11/14__- __________ • _______________ 
11/7_______________ • _______ • ______ 

1.90 4. 15 ...- ........... -- 1. 41 
11/17__________ .- _________________ J.90 .. 83 1. 08 1. 24 

1. 90 .63 1.00 L 1511/24___________ 
~_~M ___ •• _.~_~~~~ 1. !JO .55 .92 1..30 
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TABLE 6.-Seepage rates in sand.y.loam A in 1950 as determined with 
the SOSseepagemeter, in cOl1iparison with those determined with 
seepage rings • 

Rate obtaiIled with-

Location and time Water 
depth 8C8 Inner Outer 

meter seepage 'seepage 
ring ring 

Location A: Fed Fed/dav Feet/day Feet/dav8/18 _____________________________ _ 
1. 42 1. 86 2. 08 4.57·8/21_____________________________ _ 1.40 2. 64 2. 00 5.008/24_____________________________ _ 
1. 40 1. 82 1. 82 3. 758/29____--- ______________________ _ 
1.50 1. 71 1. 45 2. 608/31 _____________________________ _ 


9/5______________________________ _ 1. 50 1. 61 1. 42 2. 65 

1.50 1. 85 1. 28 2. 439/7______________________________ _ 
1. 50 1. 45 1. 30 2. 35 

Location B:9/8 ______________________________ _ 
1.50 .81 1.26 2.359/12 _____________________________ _ 
1. 52 76 88 1. 839/14_____________________________ _ 
1. 52 64 80 1. 639/20 _____________________________ _ 
1. 55 .55 .83 1. 589/21 _____________________________ _ 
1. 55 .83 72 1. 73 

Location9/26 C: 
1. 92 71 78 1. 559/29 _____________________________ _ 
1. 92 .62 78 1. 4010/3 _____________________________ _ 
1. 92 ..50 .70 1. 4010/6 ____________________________ _ 
1. 88 .59 .75 1. 3710/9_______________ • _____________ _ 
1. 90 .59 72 1. 25 •Location D, 11/7 _______________ • __ • __ _ 1. 90 .49 1. 20 ].20 

the meters were usually greater than those for the inner ring. The 
rates at individual installations tended to decrease with time. 

In connection with 1951 tests of the SOSand USBR meters in 
.silt loam, it was found that great differences in the chaTacter of the 
soH existed within the outer seepage ring. Frequently, readings on 
the meters in silt loam differed greatly from the rates shown by the 
seepage rings (table 8, fig. 7). The rates indicated by the meters 
tended to be less than the rates for the outer ring and greater than 
those for the inner ring. At two locations the rates indicated by the 
seepaO'e meters increased with time. 

In highly permeable sand, in 1952, seepage rates were materially 
reduced by silt that was brought. in with the water early in the sea­
son and formed .a film of low permeability on the soil surface. Rates 
.indicated by both the SOS and the USBR meter were prevailingly 
much greater than the rates for the inner or outer ring (table 9, 
fig. 6) . Very high initial rates were indicated by the meters, but 
tliese gradually decreased. At t.he end of 8. series of observations, 
which lasted from 5 to 29 .days,the rates were nearly always 
substantially higher than those shown by the seepage rings. • 

In sandy loam B, which had been excavated toa depth of 3 feet, 
thoroughly mixed, and then replaced after installation of seepage 
rings and settled with water, seepage rates indicated by the 80S and 
USBR meters in 1952 tests tended to be closer to the outer-ring than 
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TABLE 7.-Seepage rate8 in 8andy loam A in 1951a8 determined with 
8tandard and pla8tic SOS 8eepage meter8 and with the USBR 8eepa,ge 
meter, in compari8on with thoW?, determined with 8eepage rings 

Rates obtained 
Rates obtained with meters with seepage 

rings
Location and time Water 1___---.___.--___1____.-___ 

depth 
Standard Plastic USBR Inner Outer 

ses ses meter ring ring 
meter meter 

Location6/19___________ A: _ Feet Ftet/dall Feet/dall Feet/dall Fut/dall Feel/dau
1. 92 1. 34 O. 72 1.116/21 ___________ _ 
1. 92 1.08 .51 .996/2a____________ 

6/25 ___________ _ L 93 .92 .48 1.03 
L 9] .93 .57 1. 206/2L__________ _ ]. 92 .806/29___________ _ .52 1.27 
].,92 .84 .477/2 ____________ _ 1. 26 
1. 88 1.06 1. 59 .54 1. 187/4 ____________ _ 
1. 91 .84 1. 25 .45 1. 007/6___ _________ _ 1. ,91 1. 07 1. 09 .42 .82

Location7/11 B: 
1. 94 .66 2..23 .36 .727/13 ___________ _ 

7/16___________ _ 1.90 .42 1. 18 .37 .. 68 
1. 93 .35 1. 16 .33 .567/18-__ -_-. ____ _ 1. ,91 .30 .95 .32 .557/20___________ _ 
]. 92 .30 .92 .32 .55

Location 0.:7/24 ___________ _ 1.9]7/26___________ _ L43 .31 .57 
1. 98 1.05 .30 .527/27 ___________ _ 1,97 .79 .27 .467/29___________ _ 
1. 94 .58 .29 .4.3 

Location D:8/8 ____________ _ • _ • _ _ __ _ . 311. 95 .24 .238/10___________ _ .. 32 _ _ • _ • __ _ . 30 8/13 ___________ _ 1. 93 .24 .25 .29 
')- ._. _____ .298/17 ___________ _ L 93 • _0 .24 .33 __ ... ___ .248{22 ___________ _ L 90 .23 .22 .23 

L 95 • )9 1. 09 .22 .21 .248/23_,", ______ _ .84 . ______ _1. 95 .21 .. 248/24___________ _ .85 .. _____ . 
Location E: 

1. 37 .18 .24 
9/5______ • _____ _ ')-L 95 • _il .40 · 19 .409/7________ .- __ _ 

1.95 · 21 .82 .33 · 19 .429/10_"" ______ _ 1. 95 .18 .46 _ 28 .19 .399/12___ , ____ '" __ 1. 95 • 15 .35 .36 .17 .339/14,_, ___ , _ '. __ ?­1,95 .16 .34 .•il .17 .339/1L_______ , ... 1. 95 .]5 '.34 ..24 · 17 .33 
Location F: 

9/19__ L 95 .96 " ,68 .95 17 .379/21._ __ __. ___ _ 1. 95 .88 _56 .72 .18 .41 
9/24._._., 1. 95 .99 .71 .62 17 .389/26_______ .' 1. 95 .:89 .68 .57 .16 .369/28___ , 1. 95 .83 .44 .55 · 18 .40 

Ll>cation G: 
10/2__ _ , L 95 .29 .44 .14 .37
]0/3. __ _ 1.95 .26 .39 .17 .41
10/f;__ , . L 95 .21 .33 .17 .3610/9___ • 1.95 • ,21 .32 · ]7 .39
10/12___ ", 1. U5 .22 .31 .20 .37 

Location H: 
10/] 6_•• __ _ ._ J. U5 .31 .41 .28 .19 .3310119 ___ - . ___ ._. 1. 95 .25 .3] .23 · 15 .24]0/24___ •. _•• __ _ 1. 45 .24 .23 .18 .14 .22 
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TABLE 8.-Seepage rates in silt loam in 1951 as determined 'I.oith standard 
and plastic SOS seepage meters and with the USBR seepage meter, • 
in comparison with those determined with seepage rings 

Rates obtained Rates obtained 
with meters with seepage rings 

Water 
Lo~ation and time depth 

Standard USBR Inner Outer 
SCS meter ring ring 

meter 

Location A: 7/3 _____________________ Feet Feetfdau Feet/dau Feetfdau Feetfdau 

7/4_____________________ 1. 83 O. 006 -------- O. 042 0.256 


1. 83 .003 -------- .046 .2527/6 _____________________ 
1. 87 .004 .052 .2567/11 ____________________ 	 -------­
1.88 .0057/13____________________ 	 -------- .060 .220 
1. 88 .010 .0527/17 ____________________ 	 -------- .225 
1. 88 .019 O. 030 .037 .2657/18____________________ 
1.88 .022 .021 .030 .2707/20 ____________________ 
1.88 .023 .021 .023 .2657/25 ____________________ 
1. 89 .022 .019 .018 .155 

Location B:8/9 _____________________ 
1. 88 .002 .015 .007 .0538/10____________________ 

8/17 ____________________ 1. 85 .001 .014 .009 .055 
1.88 .001 .013 .008 .056 

Location C:9/5 _____________________ 

9/7_____________________ 1. 87 .001 .011 .008 .047 


1.89 .001 .011 .006 .0419/10____________________ 
9/12____________________ ].88 .00] . OlD .010 .045 •1.90 .002 .013 .008 .0419/14 ____________________ 1.90 .001 .015 .008 .042
9/17 ____________________ 1.90 .001 .017 .007 .040 

Location9/19 D: 
1. 88 .192 .038 .006 .0459/21 __________________ -_ 
L 94 .154 .040 .009 .0409/24 ____________________ 
1.. 88 142 .034 .006 .0389/26 ____________________ 

9/28 ____________________ 	 1.87 .141 .032 .009 .041 

]. 90 138 .032 .007 .039 


Location10/2 E: 
1. 90 .044 .. 019 .007 .03710/3____________________ 1.89 .048 .022 .008 .03710/6____________________ 

10/10 ___________________ 1.85 .062 .028 .009 .. 033 
1.90 .092 .037 .008 .03210/12 ___________________ 
1.90 .101 .035 .007 .035 


10/15___ ---------------- 1.90 .103 .031 .010 .034
10/16 ___________________ 
1.89 .100 .035 • OlD .033 

Location F;
1O/1!) - - ______ - _____ - _. __ \10/24___________________ 	 1. 89 .024 .034. .007 .033 

1.75 .018 .035 .006 .075 

• 
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• 
TABLE 9.-Seepage rates in sand in 1952 as determined with the SOS 

and USBR seepage meters, in comparison 'l.oith those determined with 
seepage rings 

Rates obtained Rates obtained 
with meters with .seepage rings

Water 
Location and time depth 

Standard USBR Inner Outer 
SC8 meter ring ring 

meter 

Location A: Feet Feet/dag Feet/day7/18____________________ Feet/day Feet/dall
1. 88 55.57/21 ____________________ 36. 9 5. 34 10. 80 

7/22______________ _____ 2.01 30.2 17.2 4.41 7.10 
I 1 

~ 

1.95 12.4 18.00 19.00---~----Location7/24 B: _______________ --___ 
7/25____________________ 1. 50 14.4 230.0 14.10 14. 10 
7/28____________________ 1. 92 15.8 26.4 11. 53 11.58 

1.97 11.27/30 ____________________ 16.3 5.24 6.91 
8/1 _____________________ 1.87 9. 72 14. 1 4.61 6.03 
8/5_____________________ 1.66 9.48 12.2 4. 24 5.19 

1.88 7. 00 8.30 2.67 3.29
Location C:B/6 _____________________ 

8/8_____________________ L 86 8.78 4. 14 2.10 3..23 
8/11 ____________________ 1.79 5.36 4.90 2.19 2.81 

1. 85 4. 79 2.03 1. 95 2.62 

• 
8/13 ____________________ { 1.81 2. 56 1. 57 2.00 

1. 68 2.42 1.59 1. 96------,...-­8/14 ____________________ { 1.85 ------ ... -- 2.07 1.52 1. .96 
1. 84 2.31--------- 1. 45 1. 818/15 ____________________ { 1. 70 1. 63 1. 41 1. 83 

S/I8 _______ • ____________ 1. 62 ------ ... -- 2.04 1.36 1. 68 
1. 83 3. 97 2.33 1. 48 1. 79

Location8/20 D: 
1. 87 .9.25 17.20 1.29 1.81 
1. BS 6.30 9.65 1. 10 1. 45 

8/26 _____ . ______________ 1. 88 6. 24 6.62 1.02 1.26~~~~=~~================= 8/27 ______ . _____________ 1.88 5.58 5.53 1. 17 .86 
S/28_____ .. _. ____________ 1. 88 ------ ... -- 7.35 .90 1. 10 

1.89 325.4- 5. 50 1.05 1. 14S/29•. _...• _____________
9/2 _____________________ 1. 89 13.4 4.21 .93 1.10 

1 . .89 7.32 2.28 .63 .93
Location E:9/15 ____________________ 

1.88 37.8 24.6 11.90 13.109/17. ___________________ 
1. 88 23.4 20.. 4 L 36 .2.199/19 __ .• ________________ • 

9/22________ - ___________ 1.88 10.8 10. 9 1.33 2.78 
9/24_. __________________ 1.88 8.26 9.13 1. 26 1. 74 
9/26____________________ 1. 88 6.80 7.66 1. 10 1. 53 
9/29 ____________________ 1. 88 5.37 6.16 .93 1. 38 
10/1. ___________________ 1.89 4. 14 4.53 .81 1. 27 
10/3 ____________________ 1.89 3. 34 3. 74 .76 1. 12 
10/6___________ . ________ 1. 89 2.92 3. 24 .67 1. 05 
10/8____________________ 1. 90 2. 26 2.93 .72 1. 0 o 
10/10. __________________ 1.90 2. 14 2.25 .57 .9o 

1. 90 2.13 2. 08 .57 .9510/13.___ • _______ • ______ 

• 
1.90 1. 88 2.10 .55 .81

Location F.: 
10/15. '_'_'_~_' ____ .. ___ . ].8910/17. __________________ a9.0 19.5 .50 1.24 

15.2 7.66 .50 .98--,~---10/20••. "_______ ._. __ • __ 1. 90 7.40 3.82 .52 .9o10/22____ •• _____________ 
1. 90 5. 53 3. ]8 .57 .81 

I Bottom of each seepage rIng was raked. 
2 USER meter was moved and reset w.ithin designated location. 
3 8CS meter was pushed farther into the soil. 

49,7397 0-.59-3 
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TABLE lO.-Seepage rates in sandy loam B in 1952 as determined with 
the SOS and USBR seepage meters, in comparison with those deter­
mined with seepage lings • 

Rates obtained Rates obtained 
with meters with seepage rings 

Water 
Location and time depth 

Standard USBR Inner Outer 
SOS meter ring ring 

meter 

Location A: 	 Fut Feet/dUll Fut/dull Fut/dull Fui/dull7/2_____________________ 1.85 O. 359 0.365 O. 366 0.4317/3_____________________ 
1.85 .333 .322 .351 .4447/5 _____________________ 1.85 .336 .382 .381 .3817/7 _____________________ 


7/9_____________________ 
 1. 86 .360 .598 .381 .286 
1. 86 .268 .603 .333 .3337/11 ____________________ 
1. 86 .349 .608 .286 .2867/15 ____________________ 
1.86 .560 .812 .333 .2627/17____________________ 
1.86 .726 .901 .333 .2387/21____________________ 
1. 87 .926 .823 .357 .211 

Location B:7/23 ____________________ 
1. 88 .472 .246 .331 .3817/25 ____________________ 
1.88 .744 .392 .310 .4297/28 ____________________ 
1. 85 .900 .612 .387 .3877/30 ____________________ 1. 88 .820 .594 .333 .405 


8/1- - - -------- --- _______ 1.86 .787 .662 .357 .452
8/4_____________________ 
1.88 .570 .780 .333 .476 

Location 	0: 
8/13 ____________________ { 1. 83 --------- .678 .434 .651 

1.62 .403 .398 .578 

8/14 __________________ .. _ ~ 1.69 .602 .398- .602 
, 1. 68 .671 .386 .590 

8/15 ____________________ { 1.73 --------- .445 .410 .639 


1. 70 .458 .373 .6148/18____________________ --------­
1.89 1. 58 .976 .429 .667 

Location8/20 D: 
1.90 .750 1. 42 .524 .7628/22____________________ 
1. 90 .826 1.55 .429 .8108/25____________________ 
1. 89 .726 1. 33 .524 .8578/27____________________ 
1. 90 .777 1.52 .643 .9298/30____________________ 
1. 89 .602 1. 25 .619 .8109/2___ ---- ______________ 1. 89 .594 1. 23 .590 .867 

Location9/15 E: 
1. 87 1. 52 2.97 .857 1. 0489/17____________________ 
1.88 1. 18 2.08 .762 1. 2869/19 ____________________ 
1.88 1.00 1. 40 .810 1.2389/22 ____________________ 
1. 88 .794 1. 02 .742 1. 1299/24 ____________________ 
1. 88 .648 .872 .714 1. 0489/26 ____________________ 
1. 88 .575 1.09 .762 1.0249/29 ____________________ 
1.89 .506 .980 .750 1. 107 

Location10/1 F: 
1. 88 .415 .742 1. 03210/2 ____________________ 1. 89 1. 56 .356 .727 1. 08710/3 ____________________ 
1. 8° 1. 32 .348 .690 1.00010/6____________________ 
1. 88 1. 14 .318 .714 .81010/8____________________ 
1. 88 1.03 .296 .714 .81010/10 ___________________ 
1. 88 1. 06 .280 .667 .81010/13___________________ 
1.88 1. 14 .288 . 774 .83910/15___________________ 
1.94 1. 20 .276 .738 .881 •Location G:10/17___________________ 
1. 88 3.89 4.02 .810 .92910/20___________________ 
1. 88 3. 06 3.01 .810 .857

10/22 _______ - ­ 1.88 2.65 2. 77 .857 .762 
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to the inner-ring rates (table 10, fig. 8). At several locations the 
rates indicated by the meters increased with time, but at one loca­
tion they decreased with time. Interchanging the meters' measur­
ing devices during these tests did not cause any difference in the 
rates indicated. 

USBR seepage-meter readings made in sand and sandy loam B at 
intervals during a period of continuous tests in August 1952 showed 
considerable daily variation (table 11). The meter readings in sand 
ranged from 1.63 to 2.56 feet per day; those in sandy loam B ranged 
from 0.403 to 0.976 foot per day. Smaller variations occurred in 
the seepage rates obtained with the seepage rings. Interchanging 
the measuring devices on the meters, on two occasions, caused no 
appreciable differences in the measured rates. 

TABLE 11.-Seepage mte8 indicated by the USER 8eepage meter in 8and 
and in sandy loam B durin{l continuou8 te8t8 in August 1952 

SAND! 

Seepage rate obtained 
with- Tehl-

Date Hour pera­
ture 

USBR Inner Outer 
meter ring ring 

Feetl Feet/ Feet! 
day dflY day o F~ 

8/11_ - __ ----- ____ 11:00 a.m __________ 2. 03 62.0 
8/13 _____________ e:46 p.m ___________ 2. 56 1. 56 2. 00 70. 7 

8.42 p.m _____ ~ _____ 2.42 1. 52 1.88 69.5
{3:52 a.m ___________8/14 _____________ 2. 07 1. 52 1. 96 64.2

1:55 p.m___________ 2.31 1.40 1.71 67 .. 2 
r:18 a.m___________8/15 _____________ 1.63 1. 41 1. 83 62. 0 

1:16 p.m ___________ 2.04 1.36 1.68 69.28/18 _____________ 1:40 p.m ___________ 2.33 -------- -------- 70. 5 

SANDY LOAM B 2 

8/13 _____________ {1O:5~ a.I11 _________ _ 0.678 0.434 O. 651 70.5
11.3" p.m _________ _ .403 .398 .579 69.0 

8/14 {5:09 a.m_ - - - ------- .602 .422 .651 66. 2 
------------- 3:58 p.m __________ _ .671 .410 .63!} 71.2 

8/15 {6:05 a.m ___ -------- .445 .410 .639 63.0 
------------- 3:33 p.m __________ _ .458 .373 .615 72.88/18 _____________ 1:45 p.lll __________ _ .976 74.0 

[ Meter placed 8/5. 
2 Meter placed 8/12. 

Seepage Meters in "Canals 

Seepage-meter tests mnde in the bottoms of four cannls in which 
ponding tests were in progress produced rcsults differing widely in 
their J'elation t.o the results of the ponding tests (table 12). In only 
one of IouI' instanccs did the seepage-metcr results agree with the 
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TABLE 12.-Seepage determinations made in 4- canals with seepage meters 
and by ponding 

Seepage rate as deter­
mined with­ '.

Canal 

Seepage Ponding 
meter 1 test 

F«t/dav F«t/davArthur ditch 2_____________________________________ _ 0.203 O. 076 
Canal-cross-section pit_____________________________ _ 1. 13 1. 18
Poudre Supply CanaL _____________________________ _ .024. .20 
North Poudre Supply CanaL _______________________ _ .15 .71 

1 Each value in this column is a weighted average of determinations made in 
the test reach with both the USBR and the SCS seepage meter. 

3 Water depth was greater during the Reepage-meter test than during the 
ponding test. 

results of ponding. In one instance the seepage-meter reading was 
much higher than the rate determined by ponding, etnd in two instances 
the meters indicated much lower rates than the ponding tests. 

Analysis ?f Data and Discussion 

In many cases the seepage rates as measured b:v the seepage meters 
decreased markedly with time. Results indicated Llmt more accurate 
data may be obtaIned with tbe meLeI's when the~' ha\-e been in place 
for at least a week. In a fe\\- cases the rates shown by the meters 
were low at first and gradnally incl·eased. ~1eters installed side by 
side often gave conflicting results. In highly permeable sand the 
meter values were nearly a.lways much higher than the values shown 
by the seepage rings, which indicated that a film of lower permeability 
had been broken when the meters were installed. 

Results from tlsin~ a plastic. SOS meter did not reveal that presence 
or absence of light Inside the meter had any effect. The results of 
the two tests in which the measw·jng devices on the Se'S and USBR 
meters were interchanged showed that differenc.es between these tWIJ 
devices did not cause differences between the meaSlU'ements made 
with the two meters, respectively. 

The calibration chart presented as figure 12 was ba.sed on all the 
seepage readings taken on meters in seepage rings 2 days or longer 
after the meters were installed. The meter determinations \'lithill 
each of the ranges indicated in table 13 were grouped and averaged, 
and the averages were plotted in relation to the corresponding averages 
of inner- and outer-ring rates (likewise given in table 13). 

Seepage-meter rates up to 1 foot per day agreed fairly well with 
the seepage-ring rates. Beyond that range, the rates determined 
with the seepage meters were too high. However, there is con­
siderable scatter in the data for rates greater than 1 foot. per day, • 
so it is doubtful that. the trend they show is significant. Highly 
permeable material usually had a film of less permeable material 

http:differenc.es
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FIG1:;RE 12.-Reln.tionship of readinp:s taken on seepa{!:e meters in seE'pa~e rings 
(at least 2 days aftE'r mel er instaUation) to averages of seepage rates determined 
at the slime tin)es with iIlJl('r and outer S(iE'page rings. The number on each 
point indic:ates how p)an,? meter readings were a\'eraged to determine the point. 

TABLE 13.-Az'el'af/e.s 01 readin{j11 taken on seepa[/e meters installed in 
seepagp rings (at. leaat 2 da.1Js after mete'r installation) in comparison, 
with seepage mies- deiprmilled at the sa/me times with inner and mder 
seepage rings 

Average seepage rate obtained 
with­

Ran{!:e of seepage rates 1Ieter 
(feet per day) readings I Inner 

dl'terJl1ined with mE'ter Seepa{!:e Inner Outer and 
ll1\'ter 1 ring ring outer 

rings 2 

i\-,~mh<r F«/ldau Feetldau Fcel{dau F«t/dau0.00-0.10_____________ • ______ ' 35 O. 046 --_ .. ,..--- 0.043 O. 043
0.11-0.20 _____ • ____ . _____ • ___ • !J ,18 O. 17 .32 .24 
0.21-0.40.____ •.• _•. ' .21) .44- .37.......... ----- 38 .30 

OAI-0.80... _..• _____ • __ . __ •• _ 88 .6] .61 .81 ,71 
0.81-1. 60 ••. _..• _•• __ •• __ • _ • __ 3!J I 1. 07 .64 .88 .76 

__ __ ___ ') .?M.~_~. __ ~ ~ ~\.61-3.20.. 1!J 1 2.23 1. 73 _. iJ_ 2.12 
3.21-6.40._____ •. ___ •..•• _._._ 35 4.·!J0 .93 1. 34 1.14 
6.41-12.80. _____ - __ 11 10.61J 4.20 5. 10 4.65

~~"' .. -.~---- ! , 
I Rates determined with thc USBR ILnd the S0S seepage meter were averaged 

togl'ther. 
2 Rates ddCrIllined with till' inner ILlld the out,er ring were averaged together. 

http:6.41-12.80
http:3.21-6.40
http:OAI-0.80
http:0.21-0.40
http:0.11-0.20
http:0.00-0.10


36 TECHNICAL BULLETIN 1203, U.S. DEPT. OF AGRICULTURE 

~.. 

N 

~ 

"u 
Ul 

N 

1/8" Mftsh 
Screen 

~ 
If) 

CJI 

N 


Detail A 

F1GURE 13.-Diagram of well perm('amet.er having simplified float control. 

over its surface. When such a film had been broken in installing a 
meter, the meter indicated seepage rates higher~han the actual rates. 

According to the results of this study individual measurements with • 
seepage meters, although they do not give .exact seepage Tates, do .. 
indicate the order of magnitude of losses. In nearly every case, the 
seepage meters indicatedcorTeGHy whethecl· the loss was high, inter­
.mediate, low, or very low. 

http:perm('amet.er
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The wide- divergence of thl.' seepage-metel' and ponding test results 

• 
shown in table 12 is proba,bly due largel~- to the fact that in tllese tests 
the seepage meters werealwa,ys install(>d in the bot tom of the canal­
never in its sides, where seepage 15 usually mueh .g1'eat('r than in the 
bottom. 

To obtain sa,tisfactor~- results with seepage meters in eanals, the 
meters should be installed in the sides as well as in the bottom. The 
m.easurements should be made as close together as tIl(' time and monev 
available will alloW', because more dependable average's will b<:> obtained 
and also because areas of high seepage will not be so likel~- to be missed. 
Oare in setting the meters is important; the soil inside the m('tel' must 
be distw'bed as little as possible. 

~1'asUl'em('nts made with the SOS m.eter and tbe D::.BR n10ter, 1'1.'­

specti'Vel~-, tend to agre<:> raid:- well ,dth ('ach other. but the rSBR 
meter is to be prefel'l'ed because it is easier to operate. 

FIELD PERMEABILITY TESTS 

Equipment 

• 
10 field tests of the well permeam('ter (t he purpose and na t ur<:>of this 

instrument and the method by which it is used m'(' dis('ussed on pp. 
8-9), two t:-pes of p(,l'm<:>amet,ers w('1'e us"d (figs. 1:1 Hnd]4). The 
essential difi'erence b('twe('n these two is in tbe mechanism for auto­
matic control of the ,,-ater ](''\'e1 in tl1(' \\'ell. TIl(' t '"pe s!Jo\\'n in figu1'e 
] 3 has a 'Valve insiclp its float t hat operates wi thout' ]("-P1's. This v'aln 
responds immedj!lte1~- to small changes in the water leyel and efi'ec­

• 

FlOl'RE 14.- \v('iJ pernl(,!tlJl('ter ('quipped with float tltld lever nll'ch!lllislJ1. 
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tively holds the water level constant. Theone shown in figure 14, 
which was developed by the U.S. Bmeau of Reclamation (17), has a, 
-float and lever mechanism that opera.tes the valve. The two types 
were used in this study indiscriminfl,tely. Since the function of the. 
permeameter is only to deliver water at a required rate, the type of 
equipment does not affect the results of the tests if the equipment is 
operating properly. 

Procedure and Results 

Water free of sediment was used for these tests, as any suspended 
matt-er deposited on the periphery of the well would reduce the flow. 
Normally, readings to determine the volume of water seeping from the 
well were taken at hourl:r intervals during the day. In all cases they 
were taken several times during the day, and in some they were con­
tinued through the night. Each test continued for about a week. In 
addition to the calibrated-tank readings, the temperature and depth 
of water in the hole were recorded. 

The tests were run long enough to develop a saturated envelope in 
the soil but not long enough to build up the water table or produce an 
excessively large saturated envelope. The, minimum and maximum 
times for the duration of the tests are given by equations and nomo­
graphs in the Bureau of Reclamation's Earth Manual (17). 

The permeability coefficient, K, is determined from the re~ults of 
well-permeameter tests by use of a formula developed by electrical-. 
analogy methods by the Bureau of Reclamation. "Then the distance 
from the water surface in the hole to the water table is greater than 
three times the depth of water in the hole, the formula is 

(3)K-l,440 [Sjnh-1(!!:')-lJ ~,
r . 27rh 

in which K is the permeability coefficient in feet per day, h is the depth 
of water in the hole in feet, r is the radius ·of the hole in feet, and Q is 
flow in cubic feet per minute required to maintain a constant water 
level. A nomograph for quick solutioJlof this equation is .given in the 
Earth Manual (17). (As is shown later, on p. 69, better results will 
be obtained with t.his nomograph if the viscosity correction is not 
applied.) 

In well-permeameter t,ests made in the vicinity of the seepage rings, 
practically no correlation was found between the permeability indi­
cated by the well permeameters and that indicated by the rings. Later 
it was recognized tha,t no correlation should be expected, since the 
seepage rings essentially measure vertical permeability whereas the 
well-permeameter measurement is more nesl·}Y one ·of horizontal 
permeability. For this reason, the tests in the vicinity of the seepage 
rings were discontinued. However, well.:permeameter tests were made 
along three ca,nal sites. Later, ponding tests afforded a means of. 
checking the estima,tesof seepage made by the well-permeameter 
method. 
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North. Pou.dre Supply Canal

• One series of welJ-permeameter tests ·was made along the cent.erline 
of the reach beb\'een stations 245+45 and 257+90 of the proposed 
N'orth Poudre Suppl~T Canal, Colorado-Big Thompson project. Soil 
samples were taken at various points along the test reach and were 
analyzed with results given in table 14. The soil varied from silt and 
silty day to poorly graded sand (near the lower end of the reach). 
Ground water was not found in an:,- of the test holes. 

TABLE 14.-Classificat.io71 of soils of the ,.ea.ch of the NOl'th P 011,(/,,(, S1l pply 
Canal in which 'weU-pameam,eter tests were made 

Station 
j 

Depth of Classifica tioll II, sample 
I 

\ F«t 
0-1. 0 Silt with trll('e of clay. 

246+35 __ 2.0-3.0 Clay,leall.·i{ 3.0-]2.0 Silt with trace of ('Jay. 
248+48 ... _ I 0-]3.0 i Silt with trac'e of ('lay. 

0-3.0 Clay, leall. 248+55 .--. -i{ 3.0-5.7 Bilt. 
1. 0-15. 0 , Silt. 

• 	
: r 250+80.. 	 15. 0-]6.0 Sund with silt. 

]6.5-17.0 Silt with trace of cIay. 11 
254 +73 1. 0-7. 0 Silt with trace of sand. 

2.0-4.. 0 Silt with tmce of cItty. 
265+65 4.0-7.0 Sand with excess of silt.1{ 7.0-9.0 Sand, poorly gmdc'd. 
256+86 .... 0-2. 0 . Silt with trace of clay. 

I :Made by the U.S. Bureau of R.(>(~I!llllatioll a('cording to a Rystelll adapted from 
the Airfield Classification ,!;ystem de\'eloped by Cu.sagrande. 

Well-permeameter tests were made at fi H locations. The holes 
used were about 6 inches in diameter and yaried in depth accol'cung to 
tbe amount of exeavation that would be required for the canal at. the 
point. Obs('l"vations "('1'1:' earrit'd on for a w(,pk during 2\1ay 19.51. 
ThE\ results of OTle test are plottl:'cl in figurl:' 15, and tl1t' J'l:'sults of all are 
shown in tahlt' 15. 

• 

The values of K determilwd varied rather \ddd;y O\Tt'r tht' test Pt'­
riod. The pt'rmeability value at the timl:' "}]('l! millimum-\Tolume 
requirt'ment.s were fulfilled was taken as tIlt' standard ·of t~omparison. 
In t1)(' example illustrated in 'figun' 15, this value is 1.14 feet pt'r cla.". 
Tht' '\'eighted aWl"Irgt' of tht' pt'rmeahilities for tlIP l'lltirt' series of wells 
is 0.98 foot per da.\-. (A diH\'rent method of dl:'t.l'rnuning at w]mt 
point t1)(' K \'alue should he ll1easurpd is used b.\' the Bun'llll of Reda­
matiol!. In some instances the permeahilities det('rmillecl by the two 
methods may differ eonsiderably.) 

To ("11('('1\: tJl(, ,,('ll-permeu,mej.er data for the test J"padl of tile North 
Pouclre Supply Canal, poneling tests were made ill 1953. This unlined 
part of the cn.na! has {l. bottom width of 12 [('el, side slopes of l}~: 1, a 
l1ormal\\ater depth of ,5.61 feet, .and a, eapaeity oJ 250 eubie feeL.per 
sreone!. The pond (fig. 16) was formed by (\Ollstrueting watertIght 

http:ll-permeu,mej.er
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FIGURE I5.-Results of well-permeameter test on the site of the proposed North 
Poudre Supply Canal. (K values corrected to 60° F. "A" marks initial lowpoint 
in curve.) 

TABLE 15.-Summary oj results oj well-permeameter tests 1 • 
Canal, station, and well location 

North Poudre Supply Canul, 245+45-257+90:246+48. _____________________________________ _ 
250+70______________________________________ _ 
'252+69 ___________________________________ • __~ 

254+76_. _______ - ____________________________ _ 
256+60. ______________________ • ___________ ... _ 

Weighted average. _________________ . __ .. __ _ 

Canal-cross-section pit, ] 8 feet long:0+04. 5 _______ • _____ . _ • ____ .' ... __ . _ . __________ _ 
0+] 3.5 _ .... _...... __ .... ___ ... ___ .. _______ • _..... ______ _ 

\Veighted average____ ._ .• - ___ --

Length of 
l';ection 

Feet 
314.0 
3]0.5 
206.0 
192.5 
222.0 

Poudre Supply Canal, .167+.50-]86+00:]70+44. _____________ •. _.______ . __ ... - ___ . ____ _
]74+46 ______________________________________ _ 495 

443] 79 +30______ .. __ •. ___ .... _.. __ .. _.. ______ .. _____ .. _.. _ 457183+60 _______ .. _.. __ .. ___ .. __ .. _.. _ "' ______ ., ___ _ 455 

Weighted average. __.... 

.9 
9 

,__ 

K at mini­
mum vol­

ume 

Feel/dau
I. ]4 
z.48 
z.95 
1.20 


z 1. 27 


.98 

.43 
.. 40 

.42 

.29 

.37 

.76 

•.61 

.50 

1 All tests corrected to 60° F. 

Z Test not curried to required minimulIl tirIll'. 
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FlGt'RJ-: J(;.--·A, Lowl'r part of pool u:il'd for a pOI1dillg \(';;( madl' Oil th.. XOTth 
P(ludTP Hupply (',[Lllal ill l(l5:~ to ("he('k data from wt'li-pl'rrnl'acopIPr 11',,(:;; B. 
bulklwlld tt("ro~" \OWI'T (,lld of pooL 

hulkhl·ud..:; HI tllP tnUl"ition s('c·tiOllS Ht ('Ut'll (,IHI of tIl(' t"!·ncll. Bp(,ltus(' 
of Ih!' ll'nglh of tllp 1"C'11!'tt. it was 1ll'('P:-NII'Y to IlJOtlnl H gag<' III l'itilPl" 

I'IH1 to ('!imlnH (t· \\ illd "ll"t'(,t. Thl' pool \Uh mh-!! from \lJ(- en !l!\1 
l}u'ollgh It gal!' in (IH' 11111)1'1" Imlkl11·nd. \\ hic'l! \\as 111('" l']oo-;('d, Ll'nk­
ag<, Iltl'ollglt (hI' blllkltl'u(l;; \\as (,ltpc'k!'!l Oil ,.;p\'pntl ()c~c'!j,.;i()IJ"; ulld fOlllld 
(0 1)(' llPgJigi!>]!', Ilook-gagt· !'l·ading,.; of 1111' dl"op \\ ('1'(' tHI,!'1I "H'\'Pl'il] 

limp!, u duy, and til!' l('mIlI'I'utul'P Ill' till' \\ul"1" allho,.;!' limps \\HO-; 1'1'­
('ol'!lC'd. ('/,o,.;s-s(·(,tioll Ill(,U";UI't-ll1C'lIts \\('1"(' lllnd!' til I\\() difrc'('('nl• 

slu!!!'s. 

'i'hp I"C'Ucll \\US lilll'd fh!' tillH·S. Iwd s(,t'pagt' JllP/tS.lIl'C'lIll'lIlS. wpm 

nwci!' uft!']' ('ur'/! JillilJg. ,\ftl'l' IllP fOllrt!J [illiIl~ Ill(' pooJ "us. dh-id(-d 
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with another bulkhead, to isolate a short part at the lower end that 
was believed to have a high seepage rate. After the fifth filling, the 
losses from the two separate pools were measured. The results of 
the ponding tests are shown in figure 17. A separate curve is shown 

35r------.------.-----~------._------r_----_. 

3.0r------+~~-r~r_--~~----_r------r_----_1 

2.5~-----_+_.~T+~~--~------_r------r_-----~ 

•~ 
I 

!~ 2.0 t----+-+-+f=I--~----r'_.....f------_r------r_----_1 
c 

L5t-~~rr.-T_.~~----_1------_r------r_----_1 

1.0 
o Firs! Fillinll 

-<>- Second Fillinll •
£; Third Fillinll 

-6- Four!h Fillinll 
O.S .1----'--+-------+--­ c Upper Pool Fif!h Fillinll 

oQo Lower Pool Fifth Fillinll 
-- - Weillhted Average 

Fifth Fillinll 
o ~__ ~__~___ ~__-~-----L----J 

o 1.0 2.0 3.0 4.0 .5.0 6.0 
Seepag. Rat. - Feetp.' Da, 

FIGURE I7.-Results of ponding tests made in the Korth PoudreSupply Canal. 
(Values not corrected for temperature.) 

for the losses from each ·of the two pools after the fifth filling, also one 
for the weighted averages of the losses from the two pools. 

While the ponding tests were in progress, seepage measurements 
were made with seepage meters installed along the bottom of the 
upper pool. The results of these measurements are set forth in table 
12. 

Canal-Cross-Section Pit 

Asandy loam site, on the Poudre Supply plot, on which.a pit shaped 
to represent an 18-foot:·cross section of a canal was later to be exca- • 
vated was subjected to two well-permeameter tests in 1952. Permeam­
eterwells about 4.5 inches in diameter and about 2 feet deep were ex­
cavatedat equally spaced points along the centerline of the projected 
canal-cross-section pit. The weighted average of the permeability 
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FIGURE IS.-Results Df well-permeameter tests on site Df projected canal-cross­

section pit, 1952. (Values corrected to 60° F. "An marks ilJitiallow point 
in curve.) 

values for the \\yells (table 15) was 0.42 foot per day. The results of 
the tests are plotted in figure 18. The following year, after the pit was 

,; excavated, the results were cpecked with those -of well-permeameter 
tests nearby and were found to be practically identical with them. 
Ground water was not found in test holes extending 8 feet or more 
below the surface. 

The pit (fig. 19), which had a width of 3 feet, side slopes of 17f:1, 
and a depth of 3 feet, was subjected in 1952 to ponding tests. In the 

• 

FIGURE 19.-View of calJal-cro8ll-section pit at the Poudre Supply plot, showing 

bulkheads, hook gage, and installed seepage meters. 
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first of these, the inflow of water was cut off daily for several short 
periods and the drop in wat,er surface during each of these periods was 
measured with a single hook gage. This continued for about a month . 
The water was then turned off for a.lmost 3 weeks. After it \ms turned 
on for the second time, a, lining of waste cement dust was placed in the 
pit by sifting the dust into the water and letting it settle to the bottom 
and sides. The pit was then kept filled for a week. During this time 
a water meter was used in the line, and seepage was determined 
continuously. The results of the ponding tests are shown in figure 
20. 

) 1 r 

.. -4 t -t! 
· '0 
a: 

: 	

.+-1 ~J.. 
o 
a. 

.2, 	

Ii; I 
III·· 

1.0 	 + .--..+-~ 4~--- T' 
i *ClI~t 	 olf , 

o 	 25 30 10 ~ ~ 5 ~ 
July September 

FIOl'"RE 20.-Results of ponding tests in canal-cross-section pit, 1952. 

Seepage-meter tests were made along the bottom of the pit during 
the last part of the first ponding test. They indicated a seepage rate 
of 1.13 feet per day (table 12). 

Poudre Supply Can~l 

The Poudre Supply Canal had already been excavated when the 
well..:permeameter tests were proposed. This ('anal has a bottom width 
of 32 feet, side slopes of 1~:1, a normal operating depth of 10.76 feet, 
and a capacity of 1,500 cubic feet per second. Because it was desired 
to conduct the tests in undisturbed material and in the same llOl'izon 
with the bed of the canal, they were made along a line approximately 
60 feet to the right of the canal centerline, outside the embankment, 
between stations 167+50 and 186+00. Four well..:permeameter tests 
were made at points equally spaced along this line. Results of physi­
cal and chemical analyses of the soil encountered at each location are 
given in table 16. Generally, the soil was classified as a sandy loam. 

• 


• 


• 
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Ground water was not found, and it was assumed to be at a great 

• 
depth below the canal. 

The well-permeameter tests were made according to the procedure 
previously described, except that the depths of the boles were such 
that the bottoms were not at a level corresponding to that of the invert 
of the canaL The results of two of these tests are plotted in figure 21. 
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• 
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FIGURE 21.:-Results of well-permeameter tests in the Poudre Supply Canal, 1952. 
(Values corrected to 60° F. "AJJ marks initial low point ill cun·e.) 

The determinations of permeabilit}t at minimum -volume (table 15) 
averaged 0.50 foot per day. 

Ponding tests were made on ille section of the Poudre Supply 
Canal in 1951 and 1952. Because of changes in grade where the 
water emerged from a lined into an unlined sertion and .from the 
unlined into a lined section, a pool was formed between stations 
167+50 and 186+00 wben the water was cut off. This pool averaged 
about 1.5 feet deep when the water stopped running from the section. 

• 

Since the section of the Poudre Supply Canal used for the measure­
ments was 1,850 feet long, it was necessary to install a staff gage at 
each end of the pool to compensate the effect of the wind's piling 
the water up at either end. In addition to staff-gage readings taken 
twice a day, the temperature of the water was Tecorded. During 
1951 the pool was filled twice, first with clear water (as the initial 
trial run for the canal) and second by floodwater, which ,vas very 
muddy. Seepage rates (fig. 22) averaged about 0.2 foot per day in 
the first 1951 test. In the later test, with muddy floodwater, the 
seepage rates averaged only about 0.07 foot per day. In 1952, after 
one season's operation of the canal, the average rate was about 0.15 
foot per day. Seepage-meter tests made along the bottom of the 
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TABLE 16.-Analyses oj soils, at the 1.5- to 2.5-foot depth, in wMch 
the Poudl'e Supply Canal was excamted 

MECHANICAL Al\ALYSIS 

Clay Silt Fine Coarse I Soil 
Colloids (0.00-1- (0.005- sand sand Gravel Survey

Station «0.001 0.005 0.05 (0.05- (0.25- <>2.0 classifica­
mm.) mm.) mm.) 0.25 2.0 mm.) tion 

mm.) mm.) 

Percent Percent Pucent Percent Pucent Percent I
170+44___ 2. 5 3.0 37.5 46.0 11. 0 o Sandy loam. 
174+46___ 1.0 4.5 24.5 61. 0 9.0 0 Do. 
179+30___ 1.0 8.0 46. 5 38. 5 6.0 0 Loam. 
183+60___ 0 3.0 18. 5 69. 0 9.5 0 Sandy loam. 

I i 

CHEMICAL AXALYSIS 

Total Total ; C.C03 
Station pH soluble gravi­ Organic . (calcium 

salts metric material ! carbonate) 
salts 

I 
t ! Pucenl ! Percent Percent Percent170+44____________ --I 7.8 o. 10 O. 5 1.3 0.6174+46______________ i 7. 7 r 7.02 .5 2

179+30________ - ____ .1 8.1 08 5 L 1 5.6183 + 60______ • _______ : 8.3 .02 ! .5 .9 1.0 

canal during the .first ponding test of 1951 indicated a seepage rate 
of 0.024 foot per day (table 12). 

Analysis of Data and Discussion 

Previous to this study, well-permeameter tests were made on the 
Riverton Project in Wyoming by the U.S. Bureau of Reclamation 
(16). The results were found to be correlated \\ith results from 
ponding tests on the Riverton Project when the permeability yalues 
were conyerted to seepage ra tes by use of an equation proposed by 
~ruskat (11). This equation, derived for areas where the water table 
is at a considerable depth below the bottoms of the canals, is 

K(B+2H) 
(4)q TrP 1 

in which q is the seepage rate in cubic feet per square foot per day, 
K is soil permeabilit.f as determined in well-permeameter tests in feet 
per day, Band H are the width of the w'ater surface and the depth 
of the "sater in feet, and lrp is the wetted perimeter of the canal in 
~L 

The ratios of the Riverton ("'''yoming canal") seepage rates based 
on well-permeameter data to those based on ponding data are plottlcd 
in figure 23, together with the ratios of such rates obtained for three 

• 


• 


• 
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FIGURE 	22.-Results of ponding tests between stations 167+50 and 186+00, 
Poudre Supply Canal. (Values not corrected for temperature.) 

• 

canals in the present study and a comparable value obtained by the 
Bureau of Reclamation on .Middle Loup Canal No.2, in Nebraska. 
(Seepage rates for the three canals used in this study are presented 
also in table 17.) No correlation appears between the results ob­
tained in the Riverton Project and those obtained in the other tests. 
One explanation of the difference in results is the fact that the same 
procedure was not followed in making the well-permeameter tests in 
the different projects . 

In using equation 4 it was noted that almost constant values of q 
were (.'lJtained for a particular canall'egardless of depth of water; in 
other words, that in a given canal the seepage per unit area was 
practically the same for all depths. Ponding tests on canals usually 

497397 0-59-4 
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o Wyomi"Q Canol 

C Mtddle Loup COllal No 2 

~ Norlh POlldre SuPPlt Conol 


<b Poudr. Sup pi,. Canol '.
.0- Conol-Cross-S«fion Pit 

oL-________L_____L-	 _L____~___L__L_~~__L--L~__L~~_L________ 

loa 200 300 400 600 BOO 'POQ 2.000 !P~Q 4.000 6,000 E\OOO 

AVERAGE FIELD PERMEABILITY. K - FEET PEA YEAR 

FIGURE 23.--Re1at,ionship of seepage rates derived from field permeameter data 
and those derived from ponding data by use of the equation R= 3.3 log 10 K­
5.3, for three series of tests made in the present study and two made by the 
Bureau of Reclamation. 

TABLE 	17.-0omparison oj seepage 'values based on well-permeameter 
and seepage-meter tests with those based on poneling tests 

Seepage rate as deter- Ratio of 
mined by-- seepage 

rate based Permeability 
on well- K, as 

Canal and section permeam- determined 
Well- Seepage- eter with well 

perme- PO:lding meter data to permeameter 
ameter tests 2 tests that based 
tests 1 2 onponding 

data 

North Poudre Supply 
Canal: 

1,245-foot section _____ 
I,IOO-foot section_____ 

Feet/dav 
1. 25 
1. 20 

Feet/day
34.40 
34.00 

Feet/day 
0.13 
. 13 

O. 28 
.30 

Feet/
day 

0.98 
.94 

.Feet/ 
year 

35 
34 

8 
3 

Canal-cross-section pit___ .53 1.20 1.13 .44 .42 153 
Poudre Supply Canal,

1,800-foot section_____ .53 .22 .024 2.41 .50 I 183 

1 Permeability data were converted to seepage rn.tes by applying an equation 
proposed by Muskat (11). 

2 Seepage rates corrected to 600 F. 
3 Determined for 5.61-foot depth by extrapolation..: 
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show, however, that the seepage per wlit area increases with depth 
of water, especially if the mte is high, Equation 4 was derived for 
homogeneous, isotropic soils-a condition that is seldom found in 
nature. 

Increase of seepage with depth of waLer can partiall}~ be attributed 
to the fact that tlle horizontal permeabilit}~ of soil is usually several 
times the vertical permeabilit}- and as depth of water in a canal 
increases mOl'eanel more of the area of the' sides is lUlder water. In 
several cases in which seepage as determined wit1) seepage meters in 
the bottom of a canal was very low, paneling test.s in the same section 
gave high rates. In these cases it eould be deduced that most of the 
seepage was tlu'ough the canal sides. 

For the purpose of dpYeloping a better method of correlating the 
test results, a different approach was tried: the outflow from Ole well 
in the we11-permeameter test ,\,;as converted to a rate of seepage over 
the well's entire boundary arpa, and this was compared directl:y with 
the rate determined by poneling. The rate of out.flow in the ",e11­
permeameter tests was taken at the initial lowpoint in the curve, 
,'..-hi('h is ShOV,Tl in figures 15, 18, anel 21 as point A. The results are 
presented in table 18. 

Because tests had indicated that most of the seepllge from the 
North POlldre Suppl}' Canal and t1Je POllelI'e Supply Canal (boUI of 
which bad been in operation for only one season) \..-as tJu'ongh the 
sides, the unit seepage for each of these b,-o canals was converted on 
the assumption that all the seepage had taken place Uu'ough the sides 
(table 19 and fig. 24), Allbaugh the seepage meteTs showed a high 
seepage rate on the bottom for the canal-cross-section pit, the data for 
this pit, also, Were thus converteeL By using this method a high 
degree of con'elation was found between the seepage determined with 
well permeameteTs and tl1at determined b}- ponding. 

1\'11en this method was applied to the data from the Riverton tests, 
a simllar relationship \vas not found, One reason for this eould be the 
fad that the \,'ell-permeametel' tests in the Riverton canal \'-ere made 
in the bottom and sides after the canal was completed, nol along the 
centerline of the lInexcavated canal. Also, tbey' \\-ere generally not 
continued long enough to fuUill the minimum-volume requirements. 

Although the paneling tests in the North Poudre Supply Canal were 
made within 2 weeks after operation of the canal ceased for the season, 
the rates determined there by individual tests decI'eased progres­
sively. ,\Vhen the lowesl 145-foot section was isolated ",itll another 
bulkhead. the seepage rate for this seetion was found to be about 3 
times that for the remaining 1,100 feet. 

Rates of seC'page from the canal-crass-section pit, testt'C) with clear 
water from the eity water mains, decreased markedly with time. The 
seepage appeared to speed up materially after tbe s('('tion was lined 
with waste cement dust, Eyidently there was some base exchange 
that 1ncreased the permeability of the material. 

The panding tests in the Pouelre Supply Canal strikingly showed the 
effect of sediment in waf~er in reducing seepage. In the second 1951 
test, made when the pool was filled by-floodwater heavily laden with 
sediment, the seepage rate was less than. one-third that of tbe eadier 
test, in which clear water was used. The rates dW'ing the 1952 test 
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TABLE IS.-Comparison oj seepage rates based on well-permeameter data with those based on ponding data when seepage 

jrom each permeameter well was converted to a ratejor the well's entire boundary area 1 

~ 

~ 
~ 
txt 

~ 
~ 
.... 
t.> 
o 
tI> 

Weigh ted Iiverage - - " .. " - - - .... - .. - - .. - - .. " .. - - "1- "- ----- -1-" ------.. -1- -.. -------1- -.. -" -" ---r ----.. --.. - 6. 85 4.00 
q 
~ 

Canal-cross-section pit, 18 feet long:0+04.5___________ • __ • ________ •. __ • ____ .. _ 9 .188 2. 22 2. 73 .0041 2.16 ~ 0+ 13. 5 ______ .. _____ .. _____ .. _.. _____ .. ______ " "d9 .188 1. 02 2. 37 .0031 1. 88 
~ 

\Veighted average _________ - - __________ .. _, ____ • _0 ________ • _________ • ..___ • __________ •• _______ _ 2. 02 1. 20 
~ 

Poudre Supply Canal, 1,800-foot section:170+44__ .• ___ • ______________________ . g;495 . 1.88 1.94 2.40 .0020 1. 22 

179+30______________ . __________________ _ 

174+46______________________________ .• __ 

443 .188 1. 48 1. 86 .0019 1. 48 
457 .188 .I. 48 1. 86 .0027 2. 07 ~ 183+60__________________ •• ____ • _____ • __ 
455 .188 1. 36 1. 71 . 0030 2. 49 

'" eigh ted Itverage _______ . _ .. ____ ... __ . ____ •. _______ .. _. ___ ... _.. _.. _._ .. ___ ..... __ ,__ .. ___ .. ___ ,.... _.... __ .. _ 1. 87 .22 ~ 
trJ 

I Seepage rates corre(Jted to 60° F. 
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~ 'fABLE 19.-Seepage rates derivedjrom well-permeameter data, and ponding data on the basis of the assumption that all Cl 

.Loeatioll 

North l)oudre Supply Oallltl____ - •• ___ 
Onnal-cross-section pit____ . ________ ._ 
Poudre Supply OUlluL_________ • ___ ._ 

-
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were much less than those .of the first test in 1951 but were twice 
those of the second 1951 test. 

The conclusion is drawn that the Muskat formula is unreliable as 
a means of .computing seepage from the results of permeability tests, 
because it applies only to homogeneous, isotropic soils, which ra.rely 
exist mcane.ls. 

Computing seepage rather than permeability from well-permeameter 
test data. seems to have merit. If the tote.l seepage determined by • 
ponding is assumed to go through the sides of the canal, the results 
are closely correlated with .8. seepage estimate based on well­
permeameter data. 
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SPECIAL STUDIES 

Effect of Depth of Water on Seepage 

Seepage measurements made by the ponding method in a previous 
investigation (13) showed that seepage rate tends to increase .as 
depth of water in the canal increases. Different parts of a canal 
bed are under different d~pths of water ranging from zero to the 
maximum depth of water in the canal. A second factor affecting the 
comparative seepage through the sides and the bottom is the greater 
permeability of the sides. Separating the effect of side seepage from 
that of bottom seepage has not proved feasible (13). For this reason 
the effect of water depth on seepage was studied by means of seepage 
rings in which all the seepage occurred through the soil at the bottoms 
of the rings, where the head was constant over the entire area. 

Equipment and Procedure 

The seepage rings that were used for study of seepage in different 
soils \vere used also for testing the effect of depth of water on seepage 
rate. These rings, described on pages 12-13 and illustrated in figures 1, 
2, and 4, were operated in clay loam, silt loam, sand,and sandy loam 
for periods ranging approximately from 4 to 6 months in a season. 
The tests for determining the effect of depth of water were made 
about the middle of the seasonal period of operation. 

During th~ day, the inflow was cut off from the seepage rings and 
depth readings were taken every 2 hours as the water level fell because 
of seepage. At the end of the day the float controlling the water level 
was lowered 6 inches and the water turned on, so that a constant 
level would be maintained during the night. This procedure was 
repeat.ed until near zero depth was reached. Thereafter, thew-ater 
levels were raised by a 6-inch increment daily and the seepage deter­
minations were repeated. This procedure was followed until the 
maximum depth, 2 feet, was again reached. Observations of evapora­
tion, precipitation, and temperature were also made. 

Approximately 9 days were needed to make a. complete cycle of 
determinations. Generally, one test was made at each location each 
season; two tests, one in August and one in October ·of 1951, were 
made in the sandy loam A a:nd the silt loam. Since the rings in clay 
loam and in sandy loam A were operated for 2 years without being 
moved, it was possible to obtain depth-effect data for these soils for 
2 successive years. 

Experimental Results 

Representative data Dn the relation between depth of water and 
seepage, those for the tests in 2 successive years in sandy loam A, are 
shown graphically in figure 25. For the inner ring, the rates when 
the levels were successively lowered coincided with those when the 
levels were raised. For the outer ring, these two series of rates 
diverged somewhat as depth of water varied. The rates were higher 
in 1950 than in 1951, and the outer-ring rates were always higher than 
those for the inner ring. 

http:repeat.ed
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FIGURE 25.-Effect of depth of water on seepage rate in sandy loam A ,in seepage 
rings: A, inner ring; B, outer ring. (Rates corrected for evaporation and 
precipitation and adjusted for viscosity to 60° F,.) 

Table 20 summarizes the results of the effect-of-depth tests made 
over a 4-vear period, showing rates at depths of 0.0 foot and 2.0 feel. 
These rates 'were obtained by slightly extending the curves for the 
plotted data. This procedure was justified because the ,data plot on 
a straight line. Also shown in table 20 is the Tate of change of the 
seepage rate \ • .-ith depth, which is the slope of the seepage-rate-versus­
depth relationship. 

In about two cases out of tille2, the seepage rate for the inner ring 
was less for a given depth than that for the outer ring. 

In about one case out of three, seepage was the same or practically 
the same Tegardless of whether water level was falling or Tising. In 

• 


• 
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---------- ---------- ----------

'l'ADJ.E 20.-Summary of results of tests on the effect of del)th of water on seepage in seepage rings ---_.+"_.,,-----_._- .,,~--.--
Seepage mie 1 in inner ring Seepage rate 1 in outer riug 

Soil iexture und time Trend of chuug(\ in water Wheu Whcn When When 
level depth of dcpth of Rate of dept,h of dcpth of Rlltc of 

water watcr clmnge wilier waie!' change ~ 
wus 0.0 was 2.00 per (oot WIIS 0.0 WIlS 2.00 per foot t>:l 

:>­foob feet foot feet gj 
!:d 

(lillY loalll; f'eei/dau Feel/dau Feel/day Feel/dau Feel/dllU Feel/dllV ~ 
c;:l1. 62 5.20 1.70 O. 23 4.00 1. 021!l4!L . r~alling. - --- --- ___ - -. _____ - --­_____________________ Rising_ _ _ _ _ __ -- .. .62 2. 80 1. O!l .34 2.40 1. 03 g;A v('rtlge ________________ 1. 12 4. 00 L 44 .28 3.23 1. 48 

{Falling ______ -- --.- __ --- .55 I. 32 .38 .42 1. 15 .30 
t>:l 

1050 ____________ •• _. _______ Rising _________________ .55 1. 84 · 0,1 .4.3 L 75 .00 ~ 
Average ________________ .55 1. 58 .52 .42 1. 45 .52 ~ 

Sandy loalll A: 
{Falling ____ -- __ ----- __ -- .(H1050 _______________________ Rising _________________ .40 .78 · HI 1. 55 .46 

.40 .78 · 10 .75 1. 28 .20 
A vertlgc ________________ .40 .78 .10 .70 1. 42 .30 ~ 

{Falling_____ -------- --_. .085 .1!l3 .05'1 .133 .307 .087
August HI5L ___ . ________ ._ Rising _______________ ,,_ .088 . 168 .0,10 .133 .307 ,087A verage ________________ .080 .180 .0-17 .133 .307 .087 ~ 

{FUlling____ --- --- __ ----- .102 .203 .050 .203 .263 .030 c;:l
October 1051. ______________ Rising _______________._ .075 .248 .080 .120 .326 .01l8A vernge _______________ " .088 .226 .000 . 166 .211<1 .00·1 ~ 

{Falling_____ ------------ .080 .677 .298 .04 1. 13 .MSand, 1952_____ - _____________ • Rising _________________ 
.580 

2i
.115 .232 . 18 .75 .28A verage __ • _____________ .1)98 .628 .265 .11 .!H .42 o 

Silt loatn: 
rFalling_ - - - -- -.- - --- - --- .......... ------- ---------- ---------- .0042 .0315 .013U ~ 

August H!5L ____________ ... _ .0042 .0315 .OI3U Z1Rlsmg_ -- - - ---- - ---- --- ---------- ---------- ---------­:\ veragc ________________ t>:l.004.2 .0315 . 013~---------- ---------- ----------- t".0106 .1000 .0402 fJlrl!l!ing_________________ ----- --. ...... --- ---------- ----------October 1051. ______________ Rl!:lIlg --------- ----­
.0l!16 .LOOO .O'1()2

A vemge ________________ _ 0106 .1000 .0,lQ2---------- ---------- -------_ .... ­{ Fulling _________________ _ 25 .57 .16 .33 .84 .20
SUlldy loum B, l!l52 _____________ Rising _________________ ,20 . !l3 .36 ,35 1. 12 .38 
__ •____ .___~__..____.__. Averu!!:c________________ .22 .75 .26 .34 .08 .32 c.n

C.n 
IAII ruLes corrected for viscosity to 600 F. 
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the cases in which a marked difference in seepage rate was associated 
with difference in the trend of change in water leyel, the greater 
seepage more often occUlTed when the water level was falling. 

Analysis of Data and Discussion 

The slight tendellcy toward grea,ter seepage when water level was 
falHng can be attributed to th~ drainage and storage effect in the 
underlying soil, which would affect the soil moisture tension. An 
average of the two rates determined at each leye] was used as the 
correct rate. The average seepage rate always decreased as depth of 
water decreased, but seepage was indicated eyen ,,-hen the depth 
approached zero. This sho'\\"s that seepage rate is directly propor­
tional not to depth of water above the ground surface but to tIlls depth 
plus some distance below the surface. According to Lauritzen and 
Israelsen (7), the head resulting from the depth of water is used up 
witIlln the upper few inches of the soil. If this is so, only a small error 
would be incurred in ,assuming that seepage rate yaried directly with 
water depth, proyided the depth was fairly great. In all cases, it 
should be noted, the average seepage rate did yary in a straight line 
with depth, increasing with depth. 

A method of solving for permeability, K, for the seepage rings was 
deyeloped on the basis of the inner-ring results of the effect-of-depth 
study. By projeeling the lines representing the depth-seepage 
relationship, a ya]ue was determined for the seepage rail.' for zero 
depth. According to Darcy's equation 

h
q=KI' (5) 

where q is the ratE' of fio\\- per unit area, K is the permeabiHty, h is the 
hydraulic head, and I is the length of the soil column. At 0 depth of 

water hand I are equal, so that Th 
equals UJlity and q equals K_ It 

should bE' poin ted ou t that this is true on1)- jf a. nega tiye head caused 
by soil moisture te11sion doE'S not e).-ist or is nE'gligible. The seepage 
rates shown in table 20 for O.O-ioot depth, then, arE' also yalues for 
permeabiHty, K, provided there is no soil moisture tension. 

This method is beliewd to be a fairly aCCllrate one for determining 
the permeability of undistur1)E'd soil where soil moisture tension is 
negligible and the ground-water level is not close enough to the surface 
to affect the seepage rate. It should prove useful under conditions 
that sometimes make it necessalT to eompute permeability so that 
comparisons ean be made with other methods of making field estinla tes 
of seepage. 

For an soils tested and for thE' \\'h01e of the large range in seepage 
rates, a correlation "was noted between the slope of the depth-seepage 
rate curve and the seepage rate at constant depth. This reI a tionship 
appears in figure 26. It is not so wen ·defined for the O-foot depth as 
for the 2-foot and 5-foot depths. With the seepage rate known for a 
particular depth, the rate for any other depth can be determined by 
use of figure 26. From this figure it can be noted that the depth of 
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FJG,RE 26.-Summary of results of effect-of-depth tests. The number on 

each point indicates the depth, in feet, for which the point was determined. 
(All rates corrected to 60° F.) 

water has more influence on the seepage rate when the rate is high 
than when the rate is low. 

.Although the effect-of-depth tests in the seepage rings showed that 
the increase of seepage rate with depth of water in the rings a]waTs 
followed a straight-line trend, Ihe results of senral poneling tests on 
canals (see pp. :39-52) renaled that the depth-seepage l'elationship 
was not linear; that the slope usually d ;'creased "ith depth. It 
should be remembered that tlu> (>fl'e('t~of-depth tests in se('pag(' Tings 
are comparable only with tests made on the bottoms of caIlals, Any 
deviation from th(' relationship shown in figure 26 is belieYed to be 
dul' to seepage from the canal sides. Th(' poneling teTts conducted 
on canals sho\yecl that in two cns('-s seepage- from the sides w.as much 
greater than that from the bottom; in fact, SN'page-meter measure­
m('nts indicated that in one canal there was practically no loss from 
the bottom. Howeyer, the test canals were aU newly constructed, 
and l'esults for old canals would probably be ·difl'erent. 

Effect of Temperature 

In the operation of the seepage rings, it \\'as noted tbat seepage 
rates as deteJ'mined hy twice-daily readjngs were fairly constan t after 
the rings had been in operation 2 01' 3 month... but that the rates 
detel'mined in 1-hour t('sts fluctuated "\\'idely. This fluctuation seemed 
to have some relation to the temperature- of the Kater. In order to 
check on its cause, special tests were conducted with several different 
types of seepage equipment in three different soils. 
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Equipment and Procedure 

Special tests on the effed of temperature on seepage were made in • 
connection with operation of the rings used in stud}'jng seepage from 
different soils and the rings (described on pp. 70-72) used in studying 
the effect of depth to ground water on seepa&"e rate. The'3e effec.t-of­
temperature tests were made in sand, sandy loam A, and sandy loam 
B. The 1952 tests in sand and sandy loam B were matl(' in inner 
seepage rings. The 1953 tests in sand and sandy loam B ancl the 1952 
and 1953 tests in sandy loam A were made in the installations pre­
pared for the depth-to-grouncl-water study. Eff('ct-of-lemperature 
tests were made also in conn('ction with the w('ll-perm('anH't('l' t('sts 
along the centerline of the then proposed North Pouch'e Suppl}' Cnnal 
(described on pp. :39-42), In addition, such tests were made und('r 
laboratory conditions. 

The pr:-ocedure followed for determining the effect of temperature 
in seepage rings .ancl in clepth-to-ground-wat('r rings was (,3sentiull)' 
the same. After the rings had b('en in operation al)out :~ months, the 
seepage was determined e"ery 2 hours for a p('riod of :3 days. and at the 
same times water temp('rature at soil ]en1. soil t('rnp('ratur(' at 1 inch 
and at 1 foot, and cyaporation wen' not ('d. Outflow for short iuter­
yals from the permeameter wells along the c('nterlin(' of th(' proposed 
North Poudre Supply Canal and the temperature of the water in the 
wells at these times were noted oyer a period of about 4 days. Both 

• 

• 

FIGURE 2i.-Laboratory equipment used for studying the effect of temperature 

011 permeability. 
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in seepage rings and in wells, the changes in temperature were those 
resultmg from natural causes. All the effect-of-temperature tests 
with the seepage rings were made during the same period of Augu'3t 
in 1952 and 1953. In all the tests, seepage rates were corrected for 
viscosit,- to 60 0 F. 

Equipment used for preparing and testing samples in the la1)oratory 
included 2.5-inch OD lucite nel~colatjon cylinders and a const:l1lt-bead 
tank (fig. 2/). Immersion h0aters were 'pro,-ided for controlling the 
temperature of the water in the constant-head tank. A standard 
procedure was follo""'ed in packing the cyli~_ders and conducting the 
tests. Samples of soil were dried. ground, and passed throug-h a 2-mm. 
sieye. About 350 gm. of eac'h sample was poured into a lucite per­
colation cylinder from a height of 21 inches aboye the base, by use of a 
funnel antI a rubber hose. ~For compaction. the sample was dropped 
10 times on a block of soft wood from 3. height of 2.5 em. The cyiinders 
were pla.ced in a rack connected by hose with the C'onstant-head water 
supply. 

tVater was allo\\'ed to percolatp down through the soil in the perco­
latlon tubes fit normal room temperatures for a, period of about 2 
weeks. After this time the temperature of the \\'atel' was raised by 
use of the immersion heaters. The outflow from the tuhes was meas­
ured for periods of one-half hour before and afler the temperature was 
ehanged. The water "'-as kept at the new temperature for several 
hours, then its temperature "'as raised again. Porosity was determined 
for each sample, also the percentage of the voids filled with air at the 
end of the tests. 

Experiment.al Results 

The results of the tests on the effect of temperature on seepage 
from seepage rings ill sand, sandy loam A, and sandy loam B are pre­
sented in figures 28, 29~ and 30. Shown in these figures are the seepage 
rates, corrected for viscositv to 60° F.; and the associated bottom 
water temperatures and I-foot soil temperatures, also the water depths 
at which the tests were made. 

In sand (fig. 28), there was very little variation in rates for 1952, 
the first year tests were made. Ho\\-e,-er, during 1953 the maximum 
variation in sand over a 24-hour period was 65 percent. The 11i"hest 
seepage rates oecurred at the lowest water temperature, and the 
lowest seepage rates at the highest water temperature. For sandy 
loam A (fig. 29), the vo,riation in rates followed a similar cycle, amount­
ing to about 10 pereent tbe first year and 20 percent in 1953. During 
1953 temperatures had a larger range than in 1952. For sandy loam 
B also (fig. 30), the seepage rates were highest when the water temper­
atures were lowest. Here the rates varied by about 37 percent in 1952 
and about 33 percent in 1953. Here. also, the yariation in temperature 
was greater in 1953 than in 1952. 

In the test made in eonjunction with the well-permeameter deter­
minations along the ('enterline of the proposed North Poudre Supply 
Canal (fig. 31), the highest permeabi1ity was noted during the period 
of lowest water temperatures and the variation in rates amounted to 
seve'ral hundred percent. 

http:Experiment.al
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FIGURE 28.-Elfect of temperature on tate of seepage in sand. (Rate corrected 
for viscosity to 60 0 F. Soil temperature determined at 1 fooL) 

The results of. the laboratory tests arc presented in figure 32, which 
shows both the observed permeability and that corrected for \~jseosity 
to 60° F. 

Variation in permeabilit.', was c-onsiclerable even after ('ol"reetion 
for viscosity to 11, stundard temperature. This variation, however, 
diminislJed with ail' content. Sel'page rates uncorrected for viscosity 
showed a more pronounced Vl1rifLtioll wiLh temperature than the cor­
rected .rates. In eOlltrast with tile tests made with seepage rings and 
well permeameters, these tests show the highest pel'meabilities asso- • 
ciated with the highest water temperatures and the lowest with the 
lowest water temperat w·es. 
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FIGURE 29.-Effect of temperature on rate of seepage in sandy loamA. (Rate 
corrected for viscosity to 60 0 F. Soil temperature cietermined at 1 foot.) 

Analysis oj Data and Discussion 

• 

Apparently some factor dependent on temperature affects the 
seepage Tate. The air that, in the form of small bubbles, remiLins in 
the soil even after long periods of wetting miL" have a variable effect 
on seepage fiS temperu.ture changes. It would be expected that air 
would be absorbed bv the water as the water cools and released in the 
soil as the water warms. _A..nalysis of the du.tu.disclosed thu.t generally 
the seepage increu.sed when the wu.ter cooled and decreased when the 
water warmed. 
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FIGURE 3D.-Effect of temperature on rate of seepage in sandy loam B. (Rate 
corrected for viscosity to 60° F. Soil temperature determined at 1 foot.) 

Because the Tange oJ temperatures encountered was so smail, 
expansion of ail' resulting from temperature change could not IW~Ol1nt 
for the seepage differences noted. 

It bas been Ruggestedthat changes in vapor pressure with tempera­
ture,may affect rate of seepage; that because vapor pressure changm; 
rapidly with temperature, ail' bubbles would be expected to eXp~l](J 
and contract appreciably within soil material, thereby changing it!'! 
effective porosity. Fair and Hatch, as cited by Franzini (4) J have .' 
demonstrated fQr granular material that 

(6) 
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FIGURE 3L-Effect of temperature on soil permeability in well-permeameter 
tests, proposed North Poudre Supply Canal. (Permeability corrected for 
viscosity to 60° F.) 

where K is the permeability of the material and n is the porosity. 
ThE!s8 investigators found that slLall changes in porosity produce 
large changes in permeability and consequently in seepage rate. 
Since the change in volume of ail' bubbles is directly proportional to 
the change in pressure, the change in porosity can be computed if the 
percentage of air and the temperature are 'known. Unfortunately, 
the percentage of air in soil cannot readily be determined in the field. 
However, the porosity of soil under field conditions can be determined, 
and it is possible to calculate the relative effect of change in vapor 
pressure on soil poro~ity on the. basis of an assumption l'egarding the 
percentage of air in tile soil. 

Oomputations of changes in seepage in sand resulting from changes 
in vapor pressure were made on the assumption that at 60° F., 15 
percent of the voids in the sand were filled with ail'. The field porosity 
of the sand as determined by tests was 0.35 percent. Oonesponding 
computr.tions were made on the assumption of 10-percent air content. 
The data are presented in table 21, and cW'ves obtained by applying 
thp- corrections for temperature and air ('on tent appeal' in figure 33. 

The curve obtained by conecting for a lO~percent air content and 
for viscosity is very close to the uneol'l'eeted seepage curve. 1£ the 
eorrectioll Were for a lower percentage of air, near 7 percent, the two 
eurves would probably coineide. This indicates that the effects of 
changing viscosity and porosity on seepage as tcmperatUl'e varies are 
eompensating factors. 

Tests on the pe;l.'meability of sands at widely different temperatures 
were made by Pillsbury (12). In his tests, increasing the temperature 
of the water from 40° F. to 120° did not maLerially change the uncor­
rected permeability of sand. However, if his data had been corrected 

497.897 0-5.9-5 



,64TECE1>.'ICAL BULLETIN 1203, U.S. DEPT. OF AGRICULTURE 

..:120 

• 
~ 

-0 
.. r 

I~80 

I 
---' 

-
25 

20 

A 

} 
--r _C--

0 
Uncorrected 

If' 
~ Ll ~ / 
" ~ , 1\'-

·fr --- -c I~ \ 

'Y1 /\ 

''''~./. I _.:Ii. Corrected'-­h\}-
--­

" o Sandy LoomS 
o Sandy Loom A 

\ 

I ••.~ Sand 

n 
,.0.'- .P- ........., Or! 


-'0-- ...[]--<: ~- --Q<O- -n.-- ---- --- ~-i:I-- ::J:!=.o. ---Q­~-~ fa:::-:­ 00<>­~- ---0-0­~ ~F* 
0 0 20 40 60 80 100 120 140 160 180 200.220 

Time - Hours 

.FIG11ltE 32.-Effect of temperature on soil permeability in laboratory permeability 

tests. (The water temperature shown is all average of the temperature as the 

water entered the sample and that of the effiuent. For sandy loam A, n=53.8 

percent, air=2.2 percent; for sandy loam B, n=57.3 percent, air=18.3 

percent; for sand, n=43.1 percent, air=24.7 percent. Correction is for 

viscosity at 60 0 F.) 


for -changes :in viscosity to a standard temperature they would have 
:indicated .a ,vide variation :inpermeal)ility. 

In the tests of disturbed saIrlJlles oisoil (fig. 32), the permeability of 
sand -varied widely with the temperature of the water in the sand. 
This variation decreased somewhat when the dat.a were corrected for 
-:viscosity. It is noteworthy that the variation of the corrected perme- '. 
ability .decreased ,vith the amount of air present.; sandy loam, ,vith 
.2.Z-percent air, had the smallest variation_ 

Under normal conditions thetemperat'UI'e of soil several feet beneath 
the ground surface changes slowly through a .season. Its diurnal 
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FIGURE 33.-Effect of temperature on rate of seepage in sand, 1953. (Correction 
for viscosity is to 60° F.) 

• 
variation, also, is small. However, conditions in the soil under a 
.canal carrying water are different. Some heat from the water in the 
canal will be carried into the soil by conduction; but this is a slow 
process, and the effect is usually small. If water seeps from the canal, 
the soil will be warmed py the water seeping through it. Because of 
its high specific heat, water is very effective in warming the soil. 
Tithe seepage is large, the soil and water temperatures will approach 
each other and in some cases will become the same, 

i 
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C')TABLE 21.-Eifect oj change in porosity with temperature on seepage iate in sand, 1953 	
O':l 

I Vapor- Seepage Vapor- I Seepage t;5 
'[ Seepage Vapor pressure rate cor- pressure rate cor-

Observed Bottom Co.",,"'" I,.,,,,,t,d pressure correction rected for correction reeted for 
Time Average seepage water factor for for vis- at water factor viscosity factor viscosity ~ 

(average) depth rate 1 temper- viscosity cosity to temper- (n=35 and vapor (n=35 and vapor f;
ature at 60° 1". 60° 1". ature 	 percent, pressure percent, pressure t"' 

air=15 (air=15 air=IO (air=IO b:Jpercent) percent) percent) percent) @ 
t"' 

8/12/54: Feet Feet/day OF. 	 Feel/day Feet oJ water Feel/day Feet/day 
t=J 

9:10 lUll ____ L 387 4. 704 61. 8 O. 973 4. 577 O. 628 L 040 4. 76 1. 023 4. 6 ~ ll:tO 1t.IlL __ 1. 401 4.224 66.0 · \Jill 3.882 .729 I. 165 4. 52 1. 110 4.3 
1:10p.IlL___ 	 .....1. 408 3.936 71. 0 .859 3. 381 .865 1.370 4.64 1. 227 4. 1
3:10 p.m ____ 1. 407 3.744 74.0 .827 3.096 · !l57 1.530 4. 73 1. 313 4. 0 o 

t-:> 

5:10 p.IlL ___ 1. 409 3. 624 74. 0 .827 2.997 · !l57 1. 530 4. 59 I. 313 3. !l CoO 

7:05 p.m ____ 1. 412 3. 552 72.2 .846 3. 005 · !l00 L 430 4. 30 1. 260 3. 7 
9:05 p.IIL ___ 1. 417 3.504 6!l.8 .872 3.055 .830 1. 310 4.00 1.195 3.6 q 

8/13/54: ~ 
11 :00 p.IlL __ 1. 415 3. 48D 67.0 · U07 3. 156 .754 1. 200 3.78 I. 130 3. 5
1 :00 1t.1ll ____ 	 t:::11. 416 3. 384 (i3.5 · !l52 3.222 .668 I. 085 3. 50 1. 055 3.4 
3:00 a.IlL ___ 1. 355 3.288 61. 5 .978 3.216 .621 1. 030 3.31 I. 020 3. 2 ~ 
5:00 a.lll ____ 1. 412 3.816 59.0 1. 017 3.881 .569 .978 3. 79 . !l88 3.8 ~ 
7 :00 tUIl ____ I. 398 4. 536 58. 8 1.020 4. 627 .565 . !l72 4.4!l .985 '1. 5
!l :00 lUlL ___ 1. 400 4. 536 61. 8 .973 4.414 .628 I. 040 4.31 I. 025 4. 5 o 

"'J
11:00 1t.IlL __ 1. 404 4. 056 66. 8 .90!) 3. 687 .749 1. 192 4.40 I. 125 4. I
1:00 p.m____ 	 >1. 412 3. 684 71.8 .850 3.131 .8!l0 I. 410 4. 42 L 248 3. !l o2:30 p.m____ 1. 413 3. 576 74.0 .828 2. 691 .957 1.530 4.44 1. 313 3.8 ~4 :30 p.IIl ____ 1. 408 3.480 76. 5 .802 2.791 1. 042 I. 700 4. 73 1. 396 3. !Jo o
6:30 p.1ll ____ I. 415 3.408 74. 0 .827 2.818 .957 1.530 4.31 I. 313 3. 7o
8:30 p.Ill ____ 1. 414 3.312 72.5 .843 2. 7!J2 · !l10 1.445 4. 03 1. 2(l8 3. 5 ~ 10:30 p.m___ I. 417 3. I 112 68.8 .883 2.811l .802 1.270 3. 58 I. 173 3. 3 

81'14/54: 	 fJ 
12:30 a.m ___ 1. 422 3. 21(l 65. 8 · !}22 2. !)65 .725 1.155 42 I. 103 3. 2 t=J 
2:30 il..n ____ 	 3. 1L 420 3. 288 64. 2 .942 3.097 .685 I. 105 3.42 I. 01i8 3. 3 
4:30 a.lli ____ I. 414 3. 600 62.8 · !J(i0 3. 456 · !l51 1.01i5 3. 68 I. 042 3. 6 
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6:30 a.IlL ___ 1. 402 4. 056 61. 5 .978 3. 967 .621 L 032 4. JO 1. 020 4. 08:30 a.II1. ___ 1.393 4. 176 63. 0 .958 4. oot .056 1.070 4. 28 1. 045 4.1810:30 lUlL __ 1. 409 3. 816 67.5 .900 3. 434 .767 I. 217 4.17 1. 14212:45 p.llL __ 1. 416 3. 384 72. 0 .848 
3. 9

2.870 .8!15 4. 072:45 p.llL___ L 421 ~. 288 72.5 .843 2.772 
1. 420 1. 254 3. 6 

. \JlO 1. 445 4.00 1. 268 3 ~.0 

I Corrected for evapomtioll lind precipitation. ~ g 
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If the difference in temperature between canal water and the soil 
when the water temperature is at its daily maximum is used as the 
basis of eomparison, it will be seen in figures 28-:30 that the seepage 
tends to vary inversely with the temperature difference. This differ­
ence and the seepage rates are given in table 22 for all the tests. The 
means of the data for each series, corrected for differences in depth of 
water, are plotted in figure 34. ~-\.lthough there are inconsistencies, 
the data indicate a fairly close correlation between daily maximum 
,difference in temperature" and the seepage rate. Because "the temper­
ature differenees are dependent on the temperature of th(' watcr in 
the canal, this relationship cannot be used to measure the actual 
seepage, but it should prove useful in finding where the maximum 
seepage in a canal is occurring. 

The hour-to-hour variation in seepage rates found in the present 
stud.y may be due to some indirect effect of chang('s in temp('rature 
of the water. Evidence of such an effect was observ('d in tests made 
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soil and water \\~hen water temperature was at its ma..,imulll. (The six points 
graphed represent means for two seri~s of tests made in the years 1952 and 
1953, respectively, in sand, l;andy loam A, and sandy loam B.) 
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TABLE 22.-Effect oj differences between soil temperature and water 
temperature on seepage rate when water temperMure was at its daily 
maximum 1 

1st maximum 2d maximum 3d maximum Mean 

! i i I 

Time .and soil Tem-j Telll- ITem-j Tern-l 
pera- 1Seep- pera- !Seep- pera- j Seep- pera- Seep­
ture , age ture age ture I age ture I age

differ- ! rate differ- rate differ-I rate diifer- rate 
ence ; ence ence I ence 
__1_­ ------,------ ­l

Aug. 13 to 15, 1952: OF. !Feet/day o F. !Feet/day o F. )Feet/dav OF. Feet/daySand __________ . __ 
O. 5 1 1. 68 1. 5 j 1. 57 O. 9 1 1. 57 1.0 1. 61

Sandy loam A _____ 6 ­.;) \1. 30 2.0 ' 1. 30 6.0 t 1.26 4.. 8 1.29
Sandy loam B _____ 4. 25. 5 .49 2. 2 .53 .505.0 1 .49

Aug. 12 to 14, 1953: Sand_____________ 
.6 3. 00 .0 2. 80 .6 2.80 .4 23.00 

Sandy loam A_____ 4.6 1. 37 5.0 1. 27 4.5 2 1. 374.°l1.35Sandy loam B _____ 9.0 .42 8. 5 .40 5.4. .41 7.6 2.65 

I Seepage rates correct.~d for viscosity to 600 F. 

2 Corrected for effect of diffp,rence in depth. 


• 
in both disturbed and undisturbed material of several soil types with 
several different types of equipment. TJlC variation ranged from a 
practically insignificant amount in Olle case to several hundred percent 
in another. 

Inasmuch as seepage rates corrected for viscosity to a standard 
temperature in some cases varied even more widely than the observed 
rates, and correcting for change in porosity with change in vapor 
pressure seemed only to compensate the viscosity eorrection, it appears 
that seepage data should not be corrected for viscosity changes due to 
temperature for the purpose of comparisons with other data. 

The wide fluctuation in seepage rates cannot be explained a, this 
time,. It is believed that it may depend on an air-water relationship 
involving the solubility of air in water and the process of solution or 
dissolution of soil air. 

A fairly close correlation was found between the temperature 
gradient in the soil and tl}e seepage rate. A large difference between 
daily maximum water temperature and temperature of the soil at 
l-foot depth indicated a low seepage rate, whereas a small difference 
indicated a high rate. With the development of proper equipment, 
this fact could be used for locating .areas of high seepage. 

Effect of Depth to Ground Water 

• 
In connection with water-spreading studies} investigators have 

noted that seepnge rate decreases when the ground-water level ap­
proaches the ground surface of the spreading area (9). An effort was 
ma.de in the present study to find out how closely depLh to ground 
water and rate of seepage are related and within what limits of ground­
water level the relation exists. 

http:4.�l1.35
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Equipment a.nd Procedure 

In order to study the eff{'C't of d('pt h 10 ground wIlter Oil till' seepage • 
rat.e, special installations sllo\\'n in figuI'(,s 35 and 36 w('re provided. 
A metal ring 12 feet in diameter and H [('('t deep was sunk in an C'xcava­
tion and was Hoo1'ec'. with COJ)c']'('te. A:~-in{'h thidmess of grasel was 
placed immediately aboy(' th(' concret(' floor, and a, I-inch-diameter 

o 

\ ... ­

\. o 

•\ 

• 
FIGURE 35.-Diagram of ring for studying the (,/feet of depth to ground water on 


Seepage. 
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• 
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perforated pipe was embedded in this gravel to serve as a drain for 
the ground water. Removable sections of pipe 6 inches long were 
attached vertically to the outlet end of this pipe, outside the ring, for 
aujustment of the depth to ground water. rl'lle ring was then refilled 
with soiL Next a ring 6 feet in diameter and 3 feet deep 'was set 
inside the 12-foot ring and 2 feet higher, to accommodate a I-foot 
layer of soil and a 2-foot dept.h of water. Three piezometers were 
equally spaced around the outer ring to measure the distance to ground 
water. During the second year of the tests, piezometers were installed 
also in the inner ring and tensiometers were installed in the rings to 
measure the soil moistui'e tension. 01l(> tensiometer was set ] foot 
below the ground surface in the inner ring and another at 2-foot depth 
in the outer ring. Soil thermometers were install('c\ in th(' inner ring 
1 inch and 1 fool below the soil surface. 

Installations of this kind 'were made in three different soils-sand, 
sandy loam A, and sandy loam B-the properties of which are given 
in table 2. 

Water for the rings was obtained by pumping directly from the 
Poudre River into a settling tank. The water was then drawn from 
the tank through calibrated domestic-type waleI' meters. The ,\'at('r 
levels in the rings were controlled by floats. Solenoid valves were 
used to permit high rates of flow for short periods so that the water 
meters would operate in the range for which they were designed. 
Analysis of the water showed that it had a low salt content. 

Readings were made on these rings as on the seepage rings, with the 
addition of daily determina,tions of ground-water elevation and of 
soil tension or pressure. Twice-daily measuremen ts were made of 
tbe seepage from the rings, by noting the inflow through the water 
meters and measuring the fluctuation of water surfaces by means of 
book gages. 

Records were made of liIT temperature, of water temperature at 
the soil surface within the inner ring, and of soil temperatures at 1 
inch and 1 foot below the soil surface. Precipitation was measured 
with a standard Weather Bureau rain gage, and evaporation with a 
Weather Bureau type A evaporation pan. 

Depth to ground water was held constant for a period of about 5 
days. After this time it was changed, by adjusting the elevat,ion of 
the outlet pipe, first to maximum and then, by decrements of ap­
proximately 6 inches each at intervals of about 5 days, to zero. It 
was then correspondingly increased until it again reached its maxi­
mum. Approximately three complete cycles were made during each 
annual test period. 

Experimental Results 

Figure 37 (in pocket inside back cover) presents results of the 
tests made in sandy loam A during the 1953 season, in which operation 
was continuous from June 3 until Oetober 30 and the water depth 
was held at 1 foot during the first series of tests but increased to 1.5 
feet for the second and third series. (This was the second year of 
operation in this soil. The 1952 tests were inconclusive on account 
of the large number of leaks (,hat OCCUlTed.) Induded in figure 37 
are the depths to ground water, the operating depth of water, the 
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soil-moisture-tension determinations, the observed seepage rates. 
and the water and soil temperatures. 

Except for the first month of operation, when the seepage rate 
remained fairly constant at about 0.6 foot per day, Ilnd for a short 
period after the water level was raised, the seepage rate fluctuated 
with depth to ground water. The daily rate ranged approximately 
from 0.34 foot to 2.0 feet, according to the depth to ground water 
and the Jepth of water. 

The results of the depth-to-ground-water tests in sllnd, sandy loam 
A, and sandy loam B are given in table 23 and aTe plotted in figure 
38. (Data for series 2 of the tests in sand are omitted, because of 
the erratic nature of the results obtained.) It was found that the 
seepage rates varied over the 5-day periods within which depth to 
ground water remained constant;' so only the rates immediately 
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FIGURE 3B.-Effect of depth to ground water on seepage rate in sand, sandy loam 
A, and sandy loam B. 



......TABLE 23.-Eifect of depth to ground water on seepage rate 
~ 

SANDI 
.~ 

Depth to ground watcr Seepage rate 

~" 
Test series and date 

Before 
change 

After 
change 

Average for 
comparable 

stages of 
decrease 

and 
increase 

Before 
change 

After 
change 

Difference 
after 

change 

Difference 
plus rate 

at 
minimum 

depth 

Average at 
comparable 

depths 

Ratio of 
average 

to ratc at 
minimum 

depth 

~ 
~ 

~ 
---­ ~ 

Series 1: 6/17 __________________ 
6/22 __________________ 
6/27__________________ 
7/2___________________ 
7/7__ . ________________ 
7/8-7/11 _______________
7/12__________________ 
7/17__________________ 
7/22__________________ 
7/27 __________________ 
7/3L ______________ ~ __ 

Series10/23: __________________ 
10/7 __________________ 
10/12 _________________ 
10/13-10/15 ____________ 
10/16 _________________ 
10/21 _________________ 
10/26_________________ 

Feet Feet Feet 

2.59 2. 12 2.53 
2.10 1.63 2. 05 
1.63 1. 01 1. 57 
1.02 .52 1.01 
.52 .03 .53 

---------- ---------­ .03 
.03 .54 ---------­
.54 1. 00 ---------­

1. 03 l. 52 ---------­
1. 52 2.01 ---------­
2. 02 2. 48 ---------­
2.52 1. 52 2.52 
1. 53 .53 1.53 
.53 .03 .53 

---------- ---------­ .03 
.03 .54 ---------­
.54 1.53 ---------­

1. 53 2.53 ---------­

Feel/day Feel/dav Feel/day Feet/«av 

3.14 3.31 +0.17 l. 97 
3. 06 3.12 +.06 2. 040 
3. 14 3. 1:3 -.01 2.10 
1. 91 I. 76 -.15 2. 09 
1. 94 1. 15 -.79 1. 94 

.. --------- -­ ... ------- ---------- ---------­
2. 17 :3.75 +l. 58 3. 75 
2.62 4.63 +2.01 5.76 
4.26 4. 35 +.09 5. 85 
3.39 3. 34 -.05 5.80 
2.62 2.61 -.01 5.79 

2.48 2.61 +.13 2. 4:3 
2. 62 2.19 -.43 2. 56 
2.13 1. 45 -.68 2. 13 

---------- ---------- ---------- ---------­
l. 35 1.94 +.59 1. 94 
1.56 l. 99 +.43 2.37 
1.76 1.73 -.03 2. 34 

Feet/dav 

3. 88 
3.92 
3. 98 
3.·92 
2.84 
1. 66 

----_ ... _-- .. 
----------­
------­ ... -­
---------­
---------­

2. 38 
2.46 
2. 04 
1. 4.0 

---------­
---------­
--------­ ... 

2.34 
2.36 
2; 40 
2. 34 
1.71 

---------­
---------­
---------­
---------­
---------­
---------­

1. 70 
1. 76 
1. 46 

---------­
---------­
---------­
---­ .... ----­

... 
~ 
o 
~~ 

~ 
to 
t:I 
tzj 
"1:1 
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~ 
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(j 
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---------- --

---------- ----------

----------

• 

SANDY LOAM A 

Series 1: 
6/17~----------------- 2.43 1.92 2.42 .483 .473 -.010 .779 1. 012 2. 54
6/22__________________ 1. 93 1.43 1. 94 .514 .452 -.062 .769 .972 2. 44

6/27__________________ 1.42 .99 1. 44 .529 .490 -.039 .707 .828 2. 08
7/2_ _ _________________ .99 .50 1.00 .610 .491 -.119 .668 .730 1.83 ~ 
7/7 ___ - - - - - - - __ - - ___ - _ . 50 . 03 .50 .549 .391 -.158 .549 .562 1.417/8-7/11 __________________________________ _ ~ 

____ ._....,44 __.025 .398---------- ---------- ------- .... -- ---------­7/12__________________ .02 .49 ,_ .406 .576 +.170 .576 ~ 7/17__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 50 1. 00 ---------- ---------­.712 .929 +.217 .793 o 
7/22__________________ 1. 00 1.47 ---------- .939 1. 096 +.157 .950
7/27__________________ 1.47 1. 96 _________ _ 1.079 1. 304 +.225 1.175 ---------- ---------- gJ
7/3L_________________ 1.96 2.41 _________ _ ----------- ---------­

1 1.168 1. 240 +.070 1. 245 ~ Series 2: >8/14 __ _ 2. 43 1.93 2.42 1. 314 1. 179 -.135 1. 116 1.142 2.908/19_________________ _ ~ 1.94 1. 47 1. 94 1. 143 .992 -.151 .981 .906 2. 308/24_________________ _ 
1.47 .96 1. 47 .858 .696 -.162 .830 .767 1.958/29_________________ _ 


9/3 __________________ _ 
 .96 .46 .96 .697 .561 -.136 .668 .653 1.66 ~ 
.46 .03 .46 .532 .422 -.110 .532 .508 1. 299/4-9/7________________ ,__ ~ 

9/8 __________________ _ .03 -------- .. - ---------- -----_ ... _-- .394 ---------­.03 .47 .366 .485 +.119 .4859/13 ________________ -_ ---------- ---------- ~ .48 .97 .422 .575 +.153 .638 
9/23 _________________ _ .98 1. 47 .556 .623 +.067 .705 - ... _------- o 
9/18 _________________ _ ---------- ,..--------- ~ 

1. 48 1. 95 .672 .799 +.127 .8329/28 _____ ._ 1. 96 2.41 1.030 1. 367 +.337 1.169 ---------- j 
Series 3: 

10/2__________________ 242 1.46 2. 42 1. 026 .734 -.292 .958 1.014 3. 00 ~ 
10/7------------------ 1. 46 .46 1.46 .678 .482 -.196 .666 .698 2. 06 o10/12_ ________________ .46 -.02 .46 .470 .331 -.139 .470 .454 1. 3410/13-10/15 _____________________ _ ~ -.02 .338 _-----_ .. _-­10/16_________________ -.02 .47 -------r:-I---------- --------~-.34;:) .438 +.093 .438 ----- ... ---- ~ 10/2L________________ .47 1. 47 . 431 . 724 +. 293 .731 l'!110/26_ _ ____ __ ___ _ _ __ _ _ 1. 47 2. 41 . 613 . 951 +. 338 1.069 S;====~ == ===1= == == =~=== 

1 Data for series 2 of the tests in sand are omitted because the results obtained in that series were erratic. 
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TABLE 23.-EiJect oj depth to ground water on seepage rate-Continued ~ 
SANDY LOAM B 

Depth to ground water Seepage rate ; 
Average for Difference Ratio of c. 

Test series and date comparable Difference plus rate Average at average ~ 
Before After stages of Before After after at comparable to ra~e at 
change change decrease change change change minimum depths minimum 

IX' 

and I depth depth 
increase ~ 

~ Series 1: Feet Feet Feet Feet/dav Feet/dav Feet/day Feet/day Feet/dav
7/7___________________ 2.51 2.19 2.50 .306 .246 -.060 .365 .441 2.69 .... 
7/12__________________ 2.04 1. 53 2. 03 .290 .249 -.041 .305 .372 2.27 o 

t-:I 

7/17___________________ 1. 53 1. 03 1.52 .321 .285 -.036 .264 .309 1. 88 ~ 

7/22_ _ ________________ 1. 03 .51 1. 02 .255 .243 -.012 .228 .289 1. 76
7/27 __ ____ __ _____ _____ . 52 q.02 .52 .216 162 -.054 .216 .218 1.33
7/28-7/30________________________ ._ .015 _______________________________________ _ .164 _ ~ 7/3L ______________ ~__ .01 .52 __________ . 167 .221 +.054 .221 
8/5___________________ .52 1. 02 __________ .232 .361 +.129 .350 1::;:1

----------1-- t>:l8/10__________________ 1. 02 1. 52 __________ .407 .411 +.004 .354 "tl 
8/14__________________ 1.52 2.02 __________ .432 .516 +. 084 .438 !'3
8/19_ _ _____ ___ ___ _ _ __ _ 2. 00 2. 50 _.________ .516 .595 +.079 .517 

Series 2: 

I 
~ 8/24- ____ _____ __ _ _____ 2. 50 1. 99 2. 47 .522 .479 -.043 .776 .922 1. 67

8/29_ ______ ___ _ _ ____ __ 1. 98 1. 49 1.97 .644 .585 -.059 .733 .858 1.56 :;
9/3___________________ 1.49 .99 1. 48 .692 .635 -.057 .674 .760 1. 38 
9/8___________________ .99 .49 .98 .600 .531 -.069 .617 .675 1. 22 
9/13__________________ .47 -.04 .47 .548 .520 -.028 .548 .588 1.07
9/14-9/17_________________________________ _ -.035 .551 
9/18__________________ -'.03 .47 .582 .628 +.046 .628 
9/23__________________ .47 .97 .657 .762 +.105 .733
9/27__________ '-_______ .98 1.47 .778 .890 +.112 .845 
10/2__________________ 1.47 1.96 .855 .993 +.138 .983
10/7--________________ 1. 94 2.44 1. 043 1. 127 +.084 1. 067 



---------- ---------- ---------- ---------- ----------
---------- ----------
---------- ----------

• 

Series 3: 10/12_________________ 

10/16_________________ 
10/17-10/20 ____________ 
10/21 _________________ 
10/26_________ .------ ­

2.44 	 .93 2.44 
.93 -.05 .94 

-.045 
-.04 .94 ---------­

.. _-------- ---------­
.94 2. 43 ---------­

• 

.812 -.347 1. 161 

.814 .601 -.213 .814 
1. 159 

.601 .889 +.288 .889 

.895 1. 335 +.440 1. 329 

1. 245 2.07 
.852 1. 42 
.601 
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before a change in depth was made and those a day after the change 
were used for plotting in figure 38. Changes in rate were added 
cumulatively to the rate at minimum depth to ground water. The 
algebraic signs for the differences in rates were reversed for that 
portion of each series in which the water table was being raised. 
This was necessary because the rate at minimum depth was used as a 
base. To minimize any effect of the trend of change (increase versus 
decrease) in depth to the water table, the rates at approximately 
equal ground-water depths in the same series were averaged. 

The seepage rate for sand increased, on an average, to ftbout twice 
the rt,te at zero depth when the ground-water level was lowered to 
1 foot below the ground surface (fig. 38). The difference in the effect 
of this change in ground-water level between series 1 and 3 cannot be 
explained. Lowering the water t.able beyond the I-foot depth did not 
change the seepage rate in sand. In sandy loam A, a fairly constant 
effect was noted for the three series of tests, each of which extended 
over about 6 weeks. In this soil the seepage rate when the ground­
water level was 2.0 feet below the ground surface was about 2.5 times 
that when the ground-water level was at zero depth. In sandy loam 
B, there was considerable sCl\tter in the three series of tests, but the 
average rate for the three series increased by nearly 100 percent when 
the ground-water level was lowered. from 0.0 foot to 2.0 feet below the 
ground surface. 

Since the equipment used did not permit increasing the depth to 
ground water beyond 2.5 feet, it was impossible to determine at what 
depth ground-water eleva,tion ceases to affect rate of seepage except 
in sand. Mitchelson and Muckel (9) found that rate of percolation 
was jncreased when the water table was lowered. to a depth of more 
than 5 feet below the ground surface. Results of the present experi· 
ment in sand do not indicate any further increase in seepage after the 
ground-water depth reached 1 foot. For sandy loam A and sandy 
loam B, the rates of seepage were still increasing when a ground-water 
depth of 2.5 feet was reached. The rate of increase at that point 
seemed to be greater in sandy loam A than in sandy loam B. 

SUMMARY 

Seepage of water from irrigation canals constitutes a serious agri­
cultural problem not only because it involves loss of much water 
needed by crops but also because it tends to shorten the usefu.lness of 
much agriculturalla.nd by causing the land to become waterlogged or 
excessively alkaline. Seepage from canals could be reduced to reason­
able limits at reasonable cost by lining or otherwise treating sections 
of canal beds where seepftge is greatest, if these sections could be 
definitely located.. In the period. 1949-53 the Department of Agri­
culture, the U.S. Bureau of Reclamation, and. the Colorado Agricul­
tural Experiment Station carried out a study, in the vicinity of Fort 
Collins, Colo., dealing with methods of measuring the seepage from 
existing canals and forecasting that from proposed canals and with the 
influence of individual factors affecting seepage. Greatest emphasis 
was given to calibrating seepage meters and determining the best 
method of installing them. 
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To obtain accurate measurements of rates of seepage from fairly 
large areas of different soils, on the basis of which various practical 
methods of measuring seepage could be evaluated, seepage rings, 
consisting of concentric pairs of metal cylinders set. into the soil, were 
installed in {l're representative soils differing widely in permeability. 
The soils were clay loam, two sanely loams, sand, and silt loam. 
Analyses were made of all the soils and of the wuter supplies used. 
The water was practically free of salt and contaJOed little or no 
secliment. While a constant water level was mainlained in the rings 
by use of float va.lves, the inflow was measllred with domestic-type 
water meters. To check the o.ccuracy of the meters, from time to 
time the inflow was shut off and the drop in the water surface during a 
test period was me,'1"ured with a hook gage. Evaporation, precipita­
tion, and tempero.ture were measured. 

Close agreement between the seepage rates based on water~meter 
measurements and those based on drop tests demonstrated that 
seepage loss from the rings in each of the djfferent soils could be 
accurately determined with the water meters except when it. was of 
the same order of magnitude as the evaporation. Seepage from the 
rings as determined by use of the water meters could therefore be 
used as an indicator of the seepage rates for the soils represented in 
the tests and as the standard of com.parison in testing seepage meters 
and in studying the effects of various factors on seepage rates. 

The rates of seepage in cubic feet per square foot as determined 
with seepage rings mnged from a maximum of 26 feet pel' day for clay 
loam to a minimum of 0.01 foot per day for silt loam. The daily rate 
for sand reached a maximum of 15 feet, but by the end of the test 
period it had decreased to 0.5 foot. 

Seepage rate was found to change considerably from hour to hour 
even though its daily average might be fairly constant. 

The seepage from the inner' ring was generally less than that from 
the outer ring. Because of the buffer effect of the outer ring, the 
seepage from the inner ring is believed to be similar to that from a 
large area uninfluenced by bounclary effects.. . 

Althougll the seepage rings were operated contmuously for perIOds 
of approximately 5 months each season, no ground-water mound was 
ever built up UUclN any of them. 

When seepage measurements made with seepage meters of the Soil 
Oonservation Service type and the Bureau of Reclamation type were 
compared with the rates shown by the seepage rings, the results indi­
cated that the seepage meters do not accurately measure seepage but 
that they do indicate the order of magnitude of seepage rates. Read­
ings taken about a week after installation of meters were generally 
more accurate than those taken earlier. The average of a series of 
seepage-meter measurements usually agreed fairly well with the aver­
age of a comparable series of seepage-ring measurel,'.ents if the seepage 
rate was less than about 1 cubic foot per square foot per 24 hours. 
For higher rates of seepage, the seepage meters definitely overregister. 
In highly permeable soil having a surface film of less permeable ma­
terial, installing a meter breaks the surface seal and allows excessive 
seepage to take place. 

Seepage-meter results did not differ significantly according to 
whether the Soil Oonservation Service or the Bureau of Reclamation 
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type of meter was used, although the USBR meter had a larger bell 
than the SCS meter. Interchanging the measuring devices on the 
meters did not affect results. The USBR meter is easier to opera.te; 
it does not require close attention while the observations are being 
made. 

Care is needed in setting the meters. Carefully forcing a meter 
into the soil by means of a jack or by standing on it and rocking 
gives better results than hammering it into place. 

To obtain. satisfactory results with seepage meters in a canal, 
meters should be installed in the sides of the canal as well as in the 
bottom. 

Field measurements of soil permeability made with well permeam­
eters can satisfactorily be used as a basis for estimating the seepage 
from proposed canals. This is made possible by a new procedure 
developed in this study, in which seepage from the permeameter well 
is converted to a rate of loss from the entire boundary a.rea of the well. 

Seepage rates were derived from well-permeameter data for two 
canals for which it had previously been determined that most of the 
seepage was taking place through the sides. (Both these canals had 
been in operation for only one season.) In comparing the results 
with those of ponding tests, all the seepage was assumed to be taking 
place through the sides of the canal bed. On this basis, satisfactory 
agreement was found between the two values for each canal. 

The seepage rate indicated by well permeameters varies with time. 
Usually it decreases rapidly for 8 hours or more, then rises, then 
gradually declines. The point at which it begins to rise was used as 
the base in making the seepage computations. 

A simple float valve that has been developed for use with well 
permeameters effectively holds the level of the water in the well 
constant. Since this valve operates without levers, it. responds 
immediately to small changes in the water level. 

Studies of the effect of depth of water in the seepage rings on rates 
of seepag!3 in various soils proved that seepage always increases as 
deptr ,of \yat¢r increases. The seepage from the rings was directly 
proportional not to the depth of water but to this depth plus some 
depth of soil re'quired to use up the available head. 

Depth of water was found to have more influence on seepage rate 
when the rate is high than when the rate iF, low. 

Evidence was found that the seepage rate tends to be slightly 
greater when the water level is fallin&, thfm when it is rising. 

Appreciable seepage continues so wug as an appreciable depth of 
water remains. Seepage rate when the depth of water approaches 
zero is the permeability, K, of the soil, if the test has been run long 
enough so that soil moisture tension is no longer a factor and the 
ground-water level is not close enough to the surface to affect the 
seepage rate. This finding provides a simple method, believed to be 
fairly accurate, of determining the permeability of undisturbed soil. 

Observations on seepllge rate at 2-hour intervals, extending over 
several days, revealed that the rate was higher when water tempera­
ture was low than when water temperature was high. Correcting the 
seepage rate for the difference in viscosity made the variation with 
temperature more pronounced. This variation was shown by seepage­
ring tests in various soils and also by well-permeameter tests. 
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The effect of expansion and contraction of air bubbles in the soil 
with changes in vapor pressure due to temperature was investigated. 
Since the porosity of the soil diminishes as the bubbles expand, this 
phenomenon tends to explain why seepage decreases as temperature 
increases. Corrections based on this phenomenon tended to com­
pensate the correction for viscosity. The final values were about the 
same as the uncorrected values. 

When water temperature was at its daily maximum, rate of seepage 
from a canal was correlated to some extent with the relation of soil 
temperature several feet beneath the canal to the temperature of the 
water. A high seepage rate was associated with a small difference 
between the temperature of the soil and the temperature of the water. 

That depth to ground water has a significant effect on seepage rate 
was shown by tc>sts in which the water table was held for definite 
periods at different depths. Seepage increased as depth to ground 
water increased within the 2.5-foot range of depths tested, with the 
exception that in sand this correlation ceased when the depth went 
beyond 1 foot. At maximum depth to ground water, the seepage 
rate in sandy loam soils was several times as great as when the water 
table was at the g-round surface. 
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