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Prototype machinery for installing a soil-asphalt lining in irrigation ditches has been previously described. Modifications
were made to the incorporator and packer in an attempt to solve some of the problems encountered in the first year's operation. A
spreading mechanism installed on the incorporator was only partially successful in moving excess soil carried over the rotor out of
the ditch. The packer was mounted on a two-wheel trailer which improved stability and allowed regulation of packing pressure.
The rubber wipers on the packer were replaced with steel scrapers and the uniformity of wetting the roller surface was improved.
Improvements to the procedure for installing the lining include more careful construction of the ditch to uniform size and grade,
and wetting the soil to field capacity before incorporating the asphalt.

INTRODUCTION

A soil-asphalt mixture for lining
irrigation ditches was developed at the
Lethbridge Research Station (Sommerfeldt
1977; Sommerfeldt et al. 1978). The asphalt
was an anionic emulsion and was mixed with

the top 8 cm of soil across the ditch
perimeter. The mixture was then packed and
allowed to set. Before setting, the emulsion
was miscible with water but after setting, the
mixture was impervious to water.

McLaughlin et al. (1976) described a
prototype incorporator and packer designed
and constructed at the Swift Current

Research Station for installing the lining so
that the lining could be field-tested. They
also discussed some problems experienced
with the machinery in 1975 and made some
suggestions for modifications. This note
describes modifications on the two machines

and their performance in 1976.

INCORPORATOR

The incorporator described by
McLaughlin et al. (1976) was basically a
large PTO driven rototiller which straddled
the previously excavated ditch. The rotor
was in the form of a double cone, being
larger in diameter at the center than at either
end. The pitch of the cones was 1.5:1, which
was the same as the slope of the ditch banks,
so that the longitudinal section of the rotor
conformed to the ditch cross section. A sheet

metal shroud, also in the form of a double
cone, covered the upper half of the rotor and
cleared the rotor blades by 8 cm. An
adjustable gate fitted around the rear part of
the shroud. The gate acted as a slip form,
shaping the ditch and regulating the
thickness of the lining.

Several passes were made with the
incorporator to even out any irregularities in
the ditch and to mix additives such as
bentonite and herbicides with the soil. On
the final pass, asphalt was pumped onto the
soil in front of the rotor and the rototilling
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Figure 1. Asphalt incorporator with oscillating wiper blade (B) in front of rotor and angle blade (A) in
front of wheels. The wiper blade is at the end of its stroke closest to the viewer.

action mixed the asphalt with the top 8 cm of
soil in the ditch profile.

The incorporator did not have any
provisions for removing excess soil from
sections of ditch that had been

underexcavated. In these sections, soil was
carried over the rotor, resulting in an excess
buildup of soil in front of the rotor. If the
gate at the rear of the shroud was raised to let
the excess soil out the back, a step in the
ditch bottom resulted.

When incorporating the asphalt on the
final pass, the gate tended to drag the sticky
soil-asphalt mixture, resulting in excessive
carryover and buildup of the mixture in
front of the rotor. If the gate was raised to
prevent the buildup, too much mixture was

left in the ditch bottom and the upper
portion of the ditch banks were not
adequately covered. This problem was
worse in finer-textured soils.

In 1976, a large wiper which oscillated in
a horizontal plane in front of the rotor was
installed to push the excess material carried
over the rotor out of the ditch (Fig. 1). The
wiper arm was attached to a vertical pivot on
the incorporator hitch and was
automatically driven back and forth at
about 20 Hz by two 7.6-cm hydraulic
cylinders connected in parallel and
controlled by limit switches and a solenoid
valve. A 30-cm-high curved blade (Bin Fig.
1) cutfrom a section of 1.2-m diam pipe was
bolted to each side of the wiper arm. The
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Figure 2. Asphalt packer mounted on a two-wheel trailer.

wiper swung 0.8 m on either side of the ditch
center line. This stroke was sufficient to push
the excess soil to the edge of the ditch. A 30-
cm-high blade (A in Fig. 1) also fabricated
from 1.2-m diam pipe was mounted at 45°
in front of each wheel to push the soil left by
the wiper out past the wheels.

The hydraulic cylinder for lifting the
rotor was replaced by a mechanical screw
jack. This allowed a finer adjustment in
operating depth.

PACKER

The packer described by McLaughlin et
al. (1976) was a large double cone roller for
which the longitudinal section also
conformed to the ditch cross section. The

roller was three-point hitch mounted on a
tractor which straddled the ditch. It could be

filled with water for additional weight.
Water was applied to the roller surface to
help prevent the soil-asphalt mixture from
sticking. Neoprene rubber wipers were
provided to remove any material that stuck
to the roller surface.

The following difficulties were
experienced in 1975: (1) The roller lacked
stability due to free play in the tractor three-
point hitch linkage, (2) When filled with
water, the roller was too heavy for the
tractor to lift, (3) The neoprene rubber
wipers lacked sufficient rigidity to prevent a
gradual buildup of mixture on the roller
surface.

In 1976, the roller was mounted on a
trailer with two wheels running on the ditch
banks (Fig. 2). The roller frame pivoted in a
vertical plane on the front cross member of
the trailer. A 10-cm diam hydraulic cylinder
provided sufficient force to lift the water-

filled roller out of the ditch, thereby placing
the entire roller weight on the trailer wheels
and the tractor drawbar. With this

arrangement, the weight of the roller on the
soil-asphalt mixture could be controlled
with the cylinder.

The rubber wipers were replaced with
fixed steel scrapers mounted at 30° to the
roller surface. The clearance between the

scrapers and the roller surface was about
0.5 cm. The number of nozzles for wetting
the roller surface was increased from 5 to 13

to improve the uniformity of wetting. The
entire roller surface was covered with an

additional layer of 10-gauge (3.5-mm) sheet
metal to increase strength.

PERFORMANCE

Incorporator
The oscillating wiper system was only

partially effective in removing excess soil
during preliminary passes before the asphalt
was applied. Although the wiper was able to
move the soil to the edge of the ditch, the 30-
cm-high blades in front of the wheels did not
have sufficient capacity to push large
amounts of soil out of the wheel tracks in

one pass. An oscillating wiper with a longer
stroke to push soil out past the wheels may
have overcome this problem but space
limitations made construction of such a

mechanism difficult. Lateral forces required
to push the soil created some stability
problems with the incorporator. A
horizontal screw conveyor operating in
front of the rotor may have been more
effective. The wiper was ineffective in
spreading the soil-asphalt mixture as it stuck
to the blades and moved back and forth with

them.
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In 1976, more care was taken in
preparing a level base for the ditch and
excavating the ditch to a uniform size. This
reduced some of the difficulties experienced
in 1975 where some sections of the ditch
were underexcavated, resulting in too much
soil being carried in front of the rotor. The
mechanical screw jack for lifting the rotor
allowed finer adjustments of operating
depth and eliminated some of the
overcorrections prevalent with the fast
response of the hydraulic cylinder. Care was
also taken to keep the incorportor centered
on the ditch.

The problem of the gate dragging the
mixture occurred again in 1976. It was soon
realized that the soil was too dry. When the
soil in front of the incorporator was wetted
to field capacity, rotor torque was reduced
and the gate acted as a slip form, leaving a
uniform coverage in the ditch profile. With
the wetted soil, asphalt was distributed more
uniformly throughout the soil. The amount
of water to be added was determined by
observing the consistency of the mixture
behind the rotor. If it was too dry, it tended
to drag creating large crevices and if it was
too wet, it slumped towards the ditch
bottom. The proper consistency was a stiff
mixture that had a rough surface with small
cracks. One section of the ditch where
asphalt was applied when the soil was too
dry was reconstituted by wetting the lining
and remixing without applying extra
asphalt.

Packer

Mounting the roller on the trailer
improved the stability but made it
impractical to back up. For repeated passes,
it was necessary to turn the tractor and
packer around at the end of the ditch. After
gaining some experience, the operator was
able to assess the surface condition of the

mixture and apply enough pressure to pack,
but not so much that the lining would be
picked up. When the mixture had sufficient
time to cure and the roller surface was kept
wet with water, there was very little problem
with the roller picking up the mixture. The
steel scrapers were effective in removing any
mixture that stuck to the roller and a gradual
buildup did not occur.

DISCUSSION

The oscillating wiper system installed on
the incorporator was only partially effective
in removing excess soil carried over the rotor
in preliminary passes prior to incorporating
the asphalt and was ineffective in spreading
the soil-asphalt mixture. However, the
buildup of soil in front of the rotor and the
need to remove it was reduced in 1976 when

more care was taken in constructing the
ditch base and excavating the ditch to a
uniform size and grade. Also, when the soil
was wetted to field capacity, the mixture was
less sticky and rotor torque was reduced.
The gate at the rear of the shroud could be
adjusted to provide a uniform coverage of



the ditch profile without excessive
carryover.

Rototilling is a good method of
incorporating the asphalt into the soil in
situ. However, the incorporator is limited to
a maximum ditch size of 45-cm depth, 30-
cm-wide bottom and 1.5:1 side slopes. The
double cone rotor principle may be
impractical for much larger ditches due to
the size and power requirements of the rotor.
Sommerfeldt et al. (1978) discussed a new
incorporator presently under development
for commercial operation.

The use of a roller is a suitable method of

packing the soil-asphalt mixture. Buildup of
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the mixture on the roller surface is not a

problem provided the roller surface is kept
wetted with water and scrapers are provided
to remove any material that does stick to the
surface. Provision to regulate packing
pressure according to the conditions of the
mixture is essential. The double cone roller

is capable of pressing mixture that slumped
to the ditch bottom (because it was too wet)
up the sides to give a uniform ditch shape
and coverage on the ditch profile. The
double cone roller principle may be practical
on large ditches but the width of the towing
tractor which must straddle the ditch may be
the limiting factor. A self-propelled unit
with wheels running on the ditch banks and

provisions to work in either direction would
be desirable.
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