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Amixture of soil with an anionic asphalt emulsion for ditch lining, developed in the laboratory, has been field-tested since
1975 when 518 mof lining was installed. In 1976, an additional 823 mwas installed. The lining was prepared by spreading
bentonite, herbicide, and an enzymatic wetting agent across the surface of anewly constructed ditch. These materials, along with
the anionic asphalt emulsion, which was applied through the incorporator, were mixed into the surface 8cm of'soil by the
incorporator, which also distributed the mixture uniformly across the ditch, to be packed later. The lining effectively controlled
seepage. Itwithstood winter weathering with only hairline cracking that sealed offafter the first irrigation water entered the ditch
The incorporated herbicides effectively controlled weed growth. The cost ofmaterials was 58% that of concrete and installation
was simpler and less exacting than concrete.

INTRODUCTION

Salinization and waterlogging of the soil,
caused by seepage from irrigation canals, is a
serious problem in the irrigation districts of
Alberta. An estimated 15% (van Schaik
1973) of the 0.26 million ha of irrigated land
has become salinized and waterlogged, most
of which is attributed to seepage from canals
(Sadler 1966), and the area being affected is
increasing.

In a previous laboratory study, research
had been conducted to develop a lining to
control seepage that is inexpensive to install
and maintain and has a long, effective life. In
this earlier study, a soil anionic-asphalt-
emulsion mixture performed satisfactorily
(Sommerfeldt 1977). However, field-testing
was necessary to determine its value and
effectiveness as a canal lining. To field-test
the lining, prototype machinery was
developed to incorporate the materials into
the soil and to spread and pack the mixture
(McLaughlin et al. 1976). The procedure for
lining a supply ditch on the Vauxhall,
Alberta, Substation and the performance of
the lining are reported here.

PROCEDURE

A total of 1,341 m of ditch was lined ,518
m in 1975 and 823 m in 1976, using materials
and equipment that have been described
(McLaughlin et al. 1976; Sommerfeldt
1977). A pad was constructed to a uniform
grade of 1:1,000 for the first 518 m, 1.5:1,000
for the next 640 m, and 3.5:1,000 for the last
183 m. The ditch, 0.4 m deep, 0.3-m bottom
width, and 1:1.5 side slope, was formed
along the middle of the pad using a farm
ditcher, and the spoil was pushed aside with
a road grader.

Bentonite was manually applied at the
rate of 2.26 kg/m2 acrosr the surface of the
prepared ditch, which had been wetted to
field capacity. It was then incorporated into
the surface 8 cm of soil in a preliminary pass
with the incorporator. Herbicide treatments

Figure I. Spraying ditch with SSI emulsion, using hand-spray boom.
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(to be reported) and the enzymatic wetting
agent (0.08 kg/ m2)were applied manually to
the ditch surface before the final pass with
the incorporator. With the final pass of the
incorporator, the anionic asphalt emulsion
(applied through the incorporator at a rate
of 21.7 //m2), wetting agent, bentonite, and
the surface 8 cm of soil were thoroughly
mixed. (In the section applied in 1975,
several passes were made with the
incorporator before the asphalt emulsion
was applied. Thereafter, only two passes
were made.)

High float anionic asphalt emulsion
similar to that previously described
(Sommerfeldt 1977) was used for the entire
section installed in 1975 and 610 m of that

installed in 1976; SS1 emulsion was used for
the remaining 213 m installed in 1976. (SSI
is a slow-setting anionic emulsion
containing 58-60% asphalt with a
penetration number of 150-200, water, and
emulsifier.) The mixture, in the form of a
stiff slurry, which was spread uniformly
across the ditch by the incorporator, was
allowed to cure 1-2 h for the section installed
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in 1975, and 3 days for that installed in 1976,
before packing. Several days later, water
was introduced into the ditch and the
performance of the lining has been under
study since.

The ditch was examined frequently for
evidence of seepage and weathering. In the
autumn of 1976, ponding studies were
conducted to determine seepage control of
the lining: sections of the ditch were
dammed off, filled with water, and the
amount of head loss determined over a 24-h

period. These studies were conducted on the
section of ditch installed in 1975 and on the
section with high float and with SSI
emulsion installed in 1976. The mean

velocity (v), surface slope (s) of the water,
and hydraulic radius (r) of the ditch were
determined and used to calculate the

coefficient of roughness (n) and from the
Manning formula n - 1.486.(/-0-67 s°-so)/v
(Linsley and Franzini 1972).

In the spring of 1977, a spray coat of SSI
emulsion was applied to the entire ditch at
the rate of 2 Ijm2 (Fig. I).
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RESULTS

Construction

Pad preparation, making of the ditch,
and installation of the asphalt lining were
simpler than that for concrete lining. The
only packing on the pad was that from
traffic during construction. In two places,
the base was so wet that machinery became
struck while forming the ditch, a condition
that could not be tolerated with concrete

lining.
Farm machinery was used to construct

the pad in 1975, to excavate the ditch, and to
install the lining. However, use of the farm
ditcher to excavate the ditch required the use
of a road grader to remove the spoil. This
was not entirely satisfactory because of
difficulties in moving the spoil without
disturbing the grade of the pad. Pad
construction was faster and more precise in
1976 when earth-moving equipment was
used. Excavating of the ditch would have
been more satisfactory with a rotary ditcher,
which excavates to grade and disposes of the
waste soil away from the ditch.

To formulate the lining, it was essential
that a good, homogeneous mixture be
obtained; otherwise, exposed soil that is
unmixed with the asphalt could be washed
away leaving cavities in the lining. Moisture
content of the soil was critical. If the slurry
was too wet, mixing was thorough but
slumping was a problem and it was difficult
to pack and roll out because of peculiar
curing characteristics and excessive
cracking. If the slurry was too dry, it was
difficult to get a good mixture, because the
torque required to turn the incorporator
rotor exceeded the design limits of the
equipment. Thorough mixing was achieved
when the soil was wetted to field capacity
and the asphalt emulsion was diluted with
water to 50% asphalt residue. Where the soil
became too dry, supplemental water was
sprayed on the ditch in front of the
incorporator. For even distribution of the
mixture on both sides of the ditch (Fig. 2), it
was essential for the incorporator to be
centered on the ditch.

If too much weight was applied in
packing the mixture when it was not
sufficiently cured, it stuck to the packer and
caused damage to the lining. As the mixture
cured, more and more weight could be
applied with successive passes of the packer.
The lining with high float emulsion was
somewhat soft and plastic and could be
worked for several days after installation.
However, the lining with SSI set up hard
within 3 days, sufficient to bear the weight of
the front wheel of a tractor without leaving
an imprint.

Curing
Curing of the lining (breaking and

dehydration) began at the exposed surface
and slowly progressed deeper. After 24h, the
surface cured sufficiently that water could be
introduced. When the curing was
completed, the asphalt was non-reactive

Figure 2. Evendistribution of soil-asphalt mix on ditch prior to packing.

V**?
Figure 3. Water flowing in finished ditch.

with water. However, if the asphalt emulsion
was allowed to be exposed to water before it
cured, it entered into suspension and washed
away. This happened on one occasion when
a high spot, under water, was trimmed
before the mixture had fully cured.

Hydraulic Properties
The finished lining had a smooth surface

comparable to finished concrete and

conveyed water satisfactorily (Fig. 3). The
coefficient of roughness, n, as calculated
from the Manning equation was 0.016,
which is similar to that of concrete.

Winter damage was not apparent, except
for a thin layer of slack material on the
surface of the ditch mostly from the silt
deposit in the irrigation water.

In the spring following installation of the
lining and before irrigation, the membrance
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had many fine cracks (Fig. 4) and, after the
water was introduced, the banks became
wet indicating seepage. After the water had
been in the ditch 2 or 3 days, however, the
cracks sealed off and seepage was arrested. It
was assumed that the sealing-off was caused
by the swelling of the bentonite in the
mixture.

The rate of head loss, as indicated by the
ponding studies, in 1976, in the section with
SSI emulsion, before the spray coat
application, in 1977, was 0.67 mm/h, which
is negligible. In the section installed in 1975
and that with high float emulsion installed in
1976, the rates of head loss were 0 and 0.62
mm/h, respectively.

Maintenance

The spray coat application of SSI was to
bind the loose material from winter
weathering and to fill large, deep cracks that
developed during curing in the section with
SSI emulsion. This emulsion, which did not
contain cutter stock (an oil for softening the
asphalt), cured harder and faster than the
high float emulsion, which contained cutter
stock. Deep cracks had developed before
packing, and they could not be worked out.
Packing had been delayed for conditions
suitable for the high float emulsion, not
realizing that the SSI would be so different.
However, in the section with SSI mixture,
the lining was essentially watertight even
though cracking was severe.

The ditch conveyed water into a dugout,
which contained fish, and crops were
irrigated with water from the dugout. There
was no evidence of toxic effects from the
lining on either the fish in the dugout or the
crops that were irrigated. Herbicides were
necessary to control weed growth.
Preliminary evaluation of the herbicides (to
be presented in a later publication) indicated
that the control of terrestrial weeds was
effective.

Costs

The cost of materials for a lining 8 cm
thick was $2.48/m2, averaged over 1975 and
1976, as compared to $4.26 for concrete
(quotation). Based on these costs of
material, the cost of lining a ditch with soil-
asphalt was 58% that of concrete. (The total
cost of construction was not calculated
because of high cost input of research and
development that would not be a normal
cost. However, because pad preparation is
less exacting, it is expected that construction
cost will also be less than that of concrete.)

Many of the problems of installing the
lining may be minimized with a proposed
prototype commercial-sized incorporator
and packer and by use of a depth-controlled
rotary ditcher to excavate the ditch and
dispose of the spoil away from the edge of
the ditch. The incorporator will elevate the
soil into a pugmill mixer, where the
bentonite, wetting agent, water, and asphalt
will be metered in and thoroughly mixed
with the soil; then the mixture will be evenly
distributed across the ditch at the rear by a

Figure 4. Fine cracks in the lining at springtime, following a winter of exposure.

vibrating slip form. This equipment, which
will be self-propelled for greater control,
should produce a more uniform lining and
use less manpower.

CONCLUSION

If this soil-asphalt membrane, which has
already given 3 yr of satisfactory service, has
an effective life of 20 yr or more, it would be
a suitable substitute for the more costly
concrete. It is expected that the life can be
extended with periodic application (every 2-
3 yr) of a spray coat. The spray coat could be
applied rapidly with a spray boom from an
asphalt distributor truck at a rate of several
km/h, and at an asphalt cost of $0.10 -
$0.20/ m2, based on current price. This
maintenance cost compares favorably with
concrete, especially if there is much cracking
that requires slow, tedious handwork to
repair on concrete.

The advantages of this lining over
concrete was primarily ease of construction
and lower cost of installation, flexibility to
withstand movement from frost action, and
opportunity to incorporate herbicide into
the lining for weed control. Without
complete weed control, the lining would
probably break down within a short period.
Also, because of softness, the high float
emulsion lining can be damaged by
livestock. It is conceded that this lining is not

CANADIAN AGRICULTURAL ENGINEERING, VOL. 20 NO.l, JUNE 1978

the ultimate, and improvement in material
and installation is being sought. Further
research and development is being directed
toward producing harder lining material
that will withstand livestock traffic and give
long effective service; also equipment will be
developed to facilitate and precisely control
installation.
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