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1990. Sealing earthen hydraulic structures with enhanced gleiza
tion and sodium carbonate II. Application for lining an irrigation
canal. Can. Agric. Eng. 32:171-176. A small intermittently-flooded
irrigation canal was treated with the enhanced gleization method (i.e.,
a buried straw layer) and soil-incorporated sodium carbonate
(Na2C03) to reduce seepage losses. Na2C03 provided only short-term
seepage control. For flooding periods of 12 days or less, a buried straw
layer reduced seepage from a small irrigation canal by 30% but seep
age rates were still unacceptably high. Seepage rates increased
following the over-winter period and after a drying interval of more
than 8 days. Enhanced gleization, even when combined with soil-in
corporated Na2CC>3, did not provide satisfactory long-term seepage
control for intermittently-flooded irrigation canals.
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INTRODUCTION

Excessive seepage from earthen irrigation canals is an impor
tant problem. The enhanced gleization method of seepage
control consists of adding organic materials to the soil to the
bed of earthen hydraulic structures (Mirtskhulava et al. 1972,
Powell 1977, Nicholaichuk 1978). McConkey et al. (1990)
reviewed the mechanisms by which gleization reduced the
saturated soil hydraulic conductivity (k) and the mechanisms
by which freezing and thawing and drying increased k after
gleization. In the laboratory study they found that a freeze-
thaw cycle and a drying interval both increased k to values
which existed before gleization. Sodium carbonate (Na2C03)
caused almost immediate sealing of all soils with a clay con
tent of at least 15% but this seal was lost following a
freeze-thaw cyclealthough not afteronedrying interval. They
suggested that seepage reduction with enhanced gleization and
Na2C03 would be only suitable for situations where the
earthen bed of the hydraulic structure has a low untreated k and
where seepage can be tolerated during initial flooding and
after freeze-thaw cycles and drying intervals.

Theobjective of this study was to evaluate enhanced gleiz
ation andsoil-incorporated Na2C03 forreducing seepage from
an intermittently-flooded irrigation canal.

MATERIALS AND METHODS

In 1982, a small, disused irrigation canal on the Agriculture
Canada Research Station, Swift Current was selected for the
field study (Fig. 1). The buried straw layer treatment was
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applied to canal sections 2,3, and 4 in 1983. Measurements for
the untreated canal sections, 1 and 5, were added to the study
in 1987 to confirm seepage reductions for canal sections 2-4
noted during 1983-86 from pretreatment values in 1982. Be
cause of its position at the inlet, section 1 had a similar
flooding history as the treated sections. Section 5 was not
flooded for prolonged periods from 1982 to 1985 but was
flooded along with the other sections starting in 1986. Seepage
rates were determined by ponding water in each section simul
taneously with plywood check dams and measuring the rate of
water level drop with staff gauges. Seepage rates were gener
ally determined for water elevations between canal full supply
level (FSL) and canal half-full. Most seepage tests had a prior
flooding period during which all canal sections were flooded
to the FSL whenever one section was nearly empty. One
seepage test was conducted before treatment in 1982; 3, 1, 5,
3, 3, and 1 seepage tests were conducted in 1983,1984,1985,
1986, 1987, and 1988, respectively, after treatment. The 17
separate seepage tests were numbered sequentially in chrono
logical order.

Fig. 1. Canal plan view.

Before treatment of sections 2, 3, and 4, the above-ground
growth of the grass, primarily reed canarygrass (Phalarius
arundinacea L.), was killed with a contact herbicide (para
quat) and burned. The canal banks were reformed to produce
shallower side slopes to facilitate straw spreading. Initial re
forming was accomplished with a backhoe andfinal reforming
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with a grader. After reforming, the canal shape was approxi
mately triangular but was different for each section (Table I).
The particle-size distribution of upper 150 mm of soil in the
canal bed was determined by the hydrometer method from 3
soil samples from each of sections 2,3, and 4 (Table II). Wheat
straw was blown onto the reformed sections with a forage
harvester at a rate of 7 to 10 kg m'2 which produced an
uncompressed straw layer approximately 130 to 150 mm deep
over the entire treated canal. After straw spreading, a 100 mm
deep layer of clay loam topsoil from an adjacent field was
spread over the straw using a front-end loader. This soil con
tained 27% sand, 34.6% silt and 28.4% clay as determined by
the hydrometer method. Na2C03 was then spread on the
treated sections at a rate of 0.32 kg m"2 and mixed into the
upper 20 to 40 mm of topsoil with a small spike-tooth harrow
pulled behind a tractor. As estimated from clay content alone
(McConkey et al. 1990), this rate of Na2C03 equalled the
requirement for treating approximately 80 mm of soil. Three
0-75 mm soil samples from each of the canal sections 2,3, and
4 were taken to determine the exchangeable sodium percent
age (ESP, i.e. exchangeable sodium/cation exchange capacity
*100%) after the first seepage test of 1983 and again after the
1984 seepage test.

Table I. Canal Section Geometry

Height from Average Length of Wetted Wetted

Canal Invert to Side Slope Invert Area at Volume

Secton FSL* (m) (horiz/vert) (m) FSL (m2) atFSL (m3)

1 0.63 2.21 20.9 71.0 20.8

2 0.57 6.71 15.1 112.2 31.5

3 0.56 7.09 18.9 150.9 41.8

4 0.62 3.61 22.0 162.8 49.3

5 0.44 2.62 23.5 87.5 19.5

* Canal full supply Level.

Table n.Particle size distribution of canal bed soil

Canal Silt

Secton Sand <%) Clay

2 35.1 28.0 36.9

3 37.2 28.4 34.3

4 38.5 28.9 32.6

In 1983, the treated canal sections became vegetated with
various annual weeds, but by 1984 the reed canarygrass was
again dominant. The grass was mowed before each flooding of
the canal. In 1988, each section was surveyed to determine
section volume and wetted area as a function of water eleva

tion. Using this information, the measured water elevation
decline was converted to a seepage rate expressed as the water
volume loss over the average wetted area. As the staff gauges
had been replaced in late 1985, the seepage rates for 1983-
1985 were estimated using equations derived from linear
regressions of the 1986-1988 seepage rates on water elevation
drops. Because the exact shape of the canal was unknown for
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1982, seepage for that year could only be expressed as the rate
of water elevation decline.

Immediately following the seepage test of 1988, the satu
rated soil hydraulic conductivity (k) was measured with a
Guelph Permeameter (Reynolds and Elrick 1985b). The wells
were 30 mm in diameter and 150 mm deep. The water heads
used were 50 and 100 mm. Three wells were measured along
the invert of each of the untreated sections but only two wells
were measured along the invert of the treated sections. An
additional well was made in the side bank of each section at a

point approximately 100 to 200 mm below the canal FSL. The
order of measurement of the wells was random so as to mini

mize any bias which would be introduced by canal bed drying
effects on k.

RESULTS AND DISCUSSION

Water evaporation was ignored for seepage calculations as
Class A pan evaporation measured 5 km south of the canal was
always less than 6% of the measured water elevation drop
(data not shown). The linear regression equations used to
estimate pre-1986 seepage rates are shown in Table III.

Table III. Regression ofseepage rate (Lm"2 h"1) on rate
ofwater level drop (mh1) for 1986-88.

Canal

Section Intercept

0.0516

0.177

1.18

Slope

203. 0.988

195. 0.978

290. 0.984

Water loss (expressed as rate of water level decline) from
the canal was rapid before treatment (Test 1, Table IV). Incor
porated Na2C03 and a buried straw layer reduced water losses
from sections 2,3, and 4 by more than one order of magnitude
compared to water losses before treatment. The seepage rates
(expressed as rate of volume loss per unit area) observed in
1983 were at least one-half of those that were observed in

subsequent years (Table V). An ESP of 10% or more is gener
ally required to significantly reduce k (van Shaik 1967;
Frenkel et al. 1978; Pupisky and Shainberg 1979). The soil
ESP measured following test no. 2 (Table VI) were frequently
above this minimum and, thus, suggested the incorporated
Na2C03 contributed greatly to the low seepage rates observed
on 1983.

In 1984, the ESP of all treated canal sections was less than
in 1983 (Table VI) indicating a loss ofexchangeable Na+ from
the soil. Assuming dispersed clay with adsorbed Na+ was not
washed from the soil, the Na+ must have been replaced by
cations with a higher valence. One source of such cations was
the irrigation water from the Swift Current Creek which, dur
ing the summer, typically contains 1 to 2 meq L" more
divalent cations than monovalent cations (Inland Waters Di
rectorate 1980, 1982). Another source of higher valence
cations would be Fe + released during gleization (Rowell
1988).

The process of replacement of Na+ with cations having a
higher valence cations would have already been underway
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Table IV. Water level decline for canal section 2,3, and 4 in 1982 and 1983

Test Test Period*

Meas.

Period**

(h)

2

Water level

Section

3

Decline

4

No. From To (mlf1)

1*

2

3

4

82/06/29

83/08/15

83/08/16

83/09/20

82/07/06

83/08/15

83/09/02

83/09/23

1.7

17.0

22.5

20.5

0.0820

0.0061**

0.0040**

0.0033

0.1170

0.0061**

0.0040**

0.0033

0.1110

0.0061**

0.0040**

0.0085

Canal was empty between test periods.
Seepage measurement period was at the end of the test period.

* Canal section shapes were different for test1than shown inTable I.
Sections 2, 3, and 4 were tested as a unit.

Table V. Canal Section Seepage Rates

Test Period*

Test From To

83/09/20 83/09/23

84/07/03 84/07/05

Meas.

Period*

(h)

20.5

5.0

Canal Section

3

Seepage (Lm" h"1 )

0.79 0.89

2.65 1.78

1.18

3.83

6 85/06/03 85/06/06 16.2 — 4.03 3.86 5.21 —

7 85/06/06 85/06/07 5.0 — 2.01 2.08 3.59 —

8 85/06/10 85/06/13 17.3 — 2.08 1.80 2.79 —

9 85/06/25 85/06/28 2.0 — 4.39 3.60 8.10 —

10 85/07/02 85/07/02 6.0
—

5.93 5.53 7.81
—

11 86/05/30 86/06/03 1.6 7.03 9.51 15.26

12 86/06/12 86/06/13 10.1 — 3.46 5.50 8.94 —

13 86/08/19 86/08/27 1.8
—

1.77 3.49 3.06
—

14 87/05/25 87/06/03 12.4 3.97 3.08 3.20 4.53 4.78

15 87/06/05 87/06/09 6.0 3.04 2.39 3.00 3.77 6.30

16 87/06/13 87/06/18 6.5 3.18 3.49 3.54 4.38 6.90

17 88/06/27 88/07/08 6.0 2.76 1.97 2.03 2.40 4.18

Canalwas empty between test periods.
Seepagemeasurement period was at the end of the test period.

Table VI. Exchangeable sodium percentage for the
0 to 75 mm soil depth in 1983 and 1984

Date of 2 3 4

Sampling Mean Range Mean Range Mean Range

83/09/20 5.7 5.1-6.2 10.0 6.3-16.1 10.9 5.2-18.4

84/06/29 3.9 3.1-4.9 5.2 3.2-8.4 3.7 2.8-4.2

during the flooding before the 1983 ESP values were mea
sured. Therefore, we suspect the canal bed ESP values at the
initiation of canal flooding after treatment would have been
greaterthan thoseobservedafter test 3. The flocculatingaction
of divalent cations is not generally sufficient to bring a soil
dispersed with Na+ into a more permeable condition unless
supplementedby mechanical action such as freezing (Gardner
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1945). Therefore we also suggest the low seepage rates ob
served in 1983 were characteristic of larger soil ESP —
probably consistently exceeding the 10% ESP criteria de
scribed earlier. The applied rates of Na2C03 as calculated
from soil clay content alone (McConkey et al. 1990), were
apparently sufficient to provide a very substantial reduction in
seepage.

The probable sealing effect of Na2C03 persisted through
the 17 d drying period between tests 3 and 4. This was consis
tent with the findings of McConkey et al. (1990) that the
sealing effect of Na2C03 was not diminished by a drying
interval providing the soil contained more than 10% clay. The
substantial increase in seepage rates between 1983 and 1984
indicated that the soil was brought into a fluctuated, more
permeable state, over the winter of 1983-84. We expect that
this increase was due to soil structural changes brought about
by freezing over the winter (McConkey et al. 1990).

The reduction in water loss for the treated sections for tests
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5 through 17 compared to initial values (i.e. test 1) was prob
ably due to gleization alone as ESP values for 1984 were
consistently below 10%, indicating the sealing effect of the
Na2C03 would be minimal. Thus, this study with a ponded
canal suggested Na2C03 would provide season-long seepage
control. However, Sommerfeldt (1977) found the sealing ef
fect of Na2C03 lasted only 7 days when treated soil was
subjected to flowing water.Presumably, flowingwatercontin
ually addeddivalent ions and possibly removed dispersedclay
along with its adsorbed Na+. At a material cost of approxi
mately $0.50 kg"1, the use ofNa2C03 to reduce seepage from
a earthen irrigation canal does not appear worthwhile.

The seepage reduction from the enhanced gleization
method was fairly constant from year to year as there was no
trend for seepage rates to increase or decrease from 1984 and
1988. Rowell (1988) reports that the gleization process would
be expected to slow after repeated drying and flooding periods
as the readily decomposable organic materials are consumed.
Powell (1977) stated fresh organic material may be required to
be added periodically to maintain acceptable seepage rates for
ponds sealed with enhanced gleization. In this study, some
fresh organic material was added to the bed before each flood
ing from grass mowing and this may explain why seepage rates
did not increase with time.

The canal water losses for the untreated canal sections 2,3,
and 4 (test 1) were much greater than first seepage test for the
untreated canal section 1 and 5 (Test 14). We attributed this to
gleization processes. For test 1 the untreated canal sections had
small quantities of vegetation litter on the canal bed character
istic of semi-arid grassland because the canal had not been
flooded for many years. However, for test 14, the untreated
section had been flooded the preceding year (1986) during
tests 11-13. Consequently, there was abundant vegetation litter
because of the previous year's irrigations. Seepage reduction
from gleization would have been enhanced by decomposition
of the above litter during the 9 days of flooding preceding
seepage measurement for test 14.

In 1984to 1988period,the highest seepage ratesgenerally
occurred for the first measurement of the year when there had
been only a few days of prior flooding (tests 6 and 11). Much
of the sealing effect of enhanced gleization was lost over
winter. Seepage rates decreased with time of flooding after the
overwinter period (test 7 versus test 6; test 12 versus test 11).
Seepage rates for the treated sections were approximately
equal to the lowest values observed the previous year provid
ing there had been more than one week of accumulated
flooding (tests 8, 14, and 17). The above behaviour was ex
pected because, in the previous paper, McConkey et al. (1990)
found that freezing and thawing increased k and that many
days of flooding were required before k returned to values
existing before freezing. A short drying interval of less than
one week between tests did not increase the seepage rate for
the test after the drying interval, even in the case when there
was only a short period of flooding after drying before mea
surement (tests 10 and 12). This confirmed the results of the
laboratory study of McConkey et al. (1990). However, a dry
ing interval of 11 days approximately doubled seepage rates
from the treated sections (test 9 versus test 8). This effect was
believed to be primarily due to the creation of continuous soil
pores from the activity of grass roots, worms and insects.
Biological activity was obviously stimulated by draining the
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canal. Pores produced by the grass roots through the gleyed
soil layer may have been especially important since reed can-
arygrass roots are noted for their ability to penetrate
impermeable soils (Bittman et al. 1980). Our results showing
the dependency of the effect of a drying interval on its duration
were shared by Thomas et al. (1966) in a study of soil sealing
from gleization during land disposal of waste water. They
noted that the k of a sealed soil increased with length of drying
interval up to 25 days and that the largest increase occurred
between 8 and 25 days of soil drying.

For the 1987 and 1988 tests, there was a significant
(P<0.01) linear increase in seepage rates from canal sections 1
to 5 (analysis not shown). The canal bed soil tended to become
more coarse-textured as section number increased (Table II)
suggesting the change in rates was probably the result of
undetermined differences in soil texture and k of the deeper
subsoil along the canal length. An analysis ofcovariance (SAS
1985), using canal section number as a covariate, was run for
the 1987 and 1988 tests. The adjusted mean seepage rate for
those sections treated with buried straw layer were less than
that of the untreated sections although this difference was not
always significant (Table VII). The seepage rate from the
treated canal sections averaged 70% of the untreated section.
This was similar to the reduction in k from the enhanced

gleization method which was found by McConkey et al. (1990)
in their laboratory study during the first week of flooding with
soils containing more than 25% clay.

Table VII. Seepage rates adjusted for section position
along the canal

Test

Adjusted Seepage Rates (mfV)

No. Treated Untreated Significance

14 3.60 4.38 not sig.

15 3.05 4.67 <0.01

16 3.80 5.04 not sig.

17 2.13 3.47 <0.05

14-17 3.15 4.39 <0.01

Hydraulic conductivities calculated from the Guelph Per-
meameter measurements using the Richards analysis
(Reynolds and Elrick 1985a) were frequently negative (data
not shown) indicating there were discontinuities in k within
the wetted well depth (Reynolds and Elrick 1985b). Therefore,
k was calculated using the Laplace analysis (Reynolds and
Elrick 1985a). The Laplace analysis generally overestimates k
because it ignores capillarity, although this overestimation is
not important when the soil is near saturation as was the case
in our study. The k of the canal bed was near to the practical
lower limit of 1x10" ms* for measurement with the Guelph
Permeameter. Although there was no significant difference
(P>0.05) in k between the treated and untreated sections
(Table VIII), the trend for the untreated sections to have a
higher k than the treated sections supported the results of the
seepage tests. The measured k were less than that expected
based on the seepage rates from the ponded sections. We
attribute this to the presence of soil pores produced by biolog
ical activity mentioned previously. Many of these pores were
likely smeared during excavation of the well so they did not
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Table VIII. Saturated hydraulic conductivity as measured with the Guelph Permeameter

Significance of

untreated mean vs

treated mean for

log-transformed
k* (lO^ins"1)

Untreated Sections Treated Sections

1 5 Mean 2 3 4 Mean data**

Invert 22.1 118.1 70.3 4.0 <1.0* <1.0+ 1.3 0.061

Bank 19.3 <1.0+ 11.7 <1.0+ <1.0* 35.0 9.6 0.845

mean of 50 and 100 mm water heads.
**log transformation used because ofwide range within data (Reynolds and Elrick 1985b), canal section x treatment interaction was used as the error term for

testing significance.
* value of 0.0 forallmeasurements; assumed to equal-1.0afterlogtransformation.

contribute to k when measured with the Guelph Permeameter
(Reynolds and Elrick 1985b).

Only in 1983, when the sealing effect of Na2C03 was
probably most effective, was the measured seepage rates less
than the acceptable seepage rates from irrigation canals of 1.25
Lm'V1 (Kraatz 1977). The average 1987-1988 seepage rate,
adjusted for canal position (Table VII), for the treated sections
was 2.5 times the acceptable seepage rate compared with 3.5
times for the untreated canal sections. The seepage rate from
the treated sections would be expected to be lower after several
weeks of flooding (Nicholaichuk 1978; McConkey et al. 1990)
but prolonged flooding may not be consistent with the normal
operation of a small lateral irrigation canal. The final k after
gleization has been found to be roughly proportional to the
initial k of the untreated soil (DeTar 1979; McConkey et al.
1990). Consequently, earthen canals which have greater initial
seepage losses than the canal used in this study would proba
bly have correspondingly greater seepage after lining with a
buried straw layer than we measured.

CONCLUSIONS

This field study confirmed the general conclusions of the
previous laboratory study (McConkey et al. 1990) that seepage
is greatly increased by a freezing and thawing, but that a
drying interval has less detrimental effect on seepage control.
An exception to the above was that the seepage after a drying
period of 11 days was larger than expected from the laboratory
study. This was probably due to pores produced by grass roots,
worms, and insects. Enhanced gleization, even when com
bined with soil-incorporated Na2C03, did not provide a
satisfactory seepage control from an irrigation canal flooded
for periods of 12 days or less. Lining with buried straw would
not be competitive with covered plastic liners which have been
proven to be an excellent, cost-effective method for control
ling seepage from irrigation canals on the Canadian Prairies
(Sommerfeldt et al. 1989).
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