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INTRODUCTION

The problem of tiles clogging with silt
and sediments has been prevalent since
the installation of the first tile drains.

Such deposition in the drains not only
reduces the efficiency of the drainage
system but also shortens its life. There
fore, some protective measures must be
taken to restrict the entrance of silt and

sediments yet allow water to enter the
drains freely. It is generally accepted that
the problem of drain sedimentation and
clogging can be solved by using a well
designed filter.

During the last decade attempts have
been made to use glass fiber materials as
filters for subsurface drains. There has

been some research to develop design
criteria for these materials to meet the

requirements of an ideal filter (6, 8, 9).
Some research has been conducted also to

evaluate the effectiveness of various filter

materials under various types of soils and
placement conditions around the drain
(2, 3, 5, 7). Most of the research on filter
materials has been for tile drains. Only
during recent years has research been
carried out on cover materials for corru

gated plastic drains.

The main objective of this study was
to evaluate the relative effectiveness of

different filter materials on the flow of
sediments and water into plastic drain
tubes. Emphasis has been given to the
filtering properties of various glass fiber
materials under different placement con
ditions or combinations.

MATERIALS AND METHODS

The base soil selected for this study is
classed by the Soil Survey (1) as a
Chemozemic and a Ponoka light loam.
The parent material is a medium textured
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alluvial lacustrine material. The field bulk

density values given by Verma (10), for
soils in the Edmonton area similar to the

base soil, were used as the average bulk
density values for the tests.

Seven filter materials or combinations

of materials were used in this investiga
tion. A test with no filter material was

also included so that the relative effect of
different filter materials compared to a
no-filter condition could be evaluated.

The seven filter materials or combinations

of materials were as follows: (1) gravel
filter, (2) glass fiber mat over the top 3/4
of the drain (glass fiber mat 270 ), (3)
glass fiber mat over the top 3/4 of the
drain and glass fiber felt below the drain
(glass fiber mat with glass felt), (4) glass
fiber mat over the top 3/4 of the drain
and poly-underlay below the drain (glass
fiber mat with poly-underlay), (5) tile
guard over the top 3/4 of the drain (tile
guard 270°), (6) tile guard over the top
3/4 of the drain and glass fiber felt below
the drain (tile guard with glass fiber felt),
(7) tile guard over the top 3/4 of the
drain and poly-underlay below the drain
(tile guard with poly-underlay).

The glass fiber materials and poly-
underlay are shown (Figure 1). The glass
fiber mat is a jack straw arrangement of
glass fibers of uniform diameter bound

together with a resinous thermosetting
binder into a tough, porous mat. The
glass fiber mat is 12 inches wide, 0.014
inch thick and weighs 0.85 lb/100 ft2.

The tile guard is a porous glass fiber
mat of felt-like material composed of a
jack straw arrangement of individual fila
ments of glass fibers bonded into a
uniform sheet with a thermosetting resin.
The tile guard mat is 12 inches wide, has
a nominal thickness of 0.020 inch and

weighs 1.05 lb/100 ft2.

The glass fiber felt has the same
physical and chemical properties as the
tile guard except that the weight is 0.76
lb/100 ft2 unsaturated. The finished pro
duct is saturated with roofing asphalt and
dusted with ground mica and sand mix
ture to keep it from sticking within the
roll.

The poly-underlay is regular poly
ethylene sheeting, having a 2-mil thick
ness and weighing approximately 1.14
lb/100 ft2. It is used under the plastic
drain tubing.

The drain tank was constructed of

3/4-inch (1.90-cm) plywood in a 1 1/2 X
3/16-inch (3.81 X 0.48-cm) angle iron
frame. The inside dimensions of each

tank were 48 inches (122 cm) deep, 18

Figure 1. Artificial filter materials and corrugated plastic tubing. Left to right: poly-underlay, tile
guard, glass fiber mat, glass fiber felt, drain with slots, drain with holes.
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inches (47 cm) wide, and 12 inches (30.5
cm) long.

Corrugated plastic drain tubing of
4-inch (10.2-cm) inside diameter was used
in the drain tank model. The two types of
commercially available drain tubing were
identical in size and material but had

different shapes of perforations. One type
of drain had three slots of about 1 1/4 X
1/8-inch (31.75- X 3.175-mm) each, 120°
apart around the periphery. The other
type had eight identical holes equally
spaced around the periphery. The center
line of the drain tube was located about

10 inches (25.4 cm) above the bottom of
the tank symmetrically across the 18-inch
(46-cm) width.

A tank depth of 48 inches (122 cm)
was selected to simulate 4 ft (122 cm) of
soil profile. The actual depth of soil in the
drain tank was only 45 inches (114 cm).
The depth of soil cover over the top of
the drain tube was about 33 inches (83.8
cm).

The drain tank model was designed to
simulate a field drainage situation, firstly
for saturated flow conditions as would

occur just after a heavy irrigation or
rainfall, and secondly for unsaturated
flow conditions. A 3/16-inch (4.76-mm)
wide gallery was provided on both sides
from the bottom to the top along the
12-inch (30.5-cm) side of the tank. To
simulate unsaturated flow conditions in

the field, the water was supplied to the
tank through these galleries. An overflow
was provided to keep the water level in
the galleries constant. For saturated flow
conditions the water was directly applied
to the soil surface in the tank. The drain

tank was designed to provide approxi
mately 2 inches (51 mm) of ponded
water during the saturated phase.

As the soil moisture flow conditions to

be used in the tests were to simulate

actual flow conditions in the field as
nearly as possible, a flow cycle was
designed that was comparable to an
actual field drainage situation. The 1st
half of the test run would be the ponded
water, saturated flow condition, and the
2nd half of the test would be the partially
saturated (unsaturated) flow condition.
The total length of test run was arbitrar
ily chosen as 5 h, with each flow condi
tion being maintained for 2 1/2 h, always
in the same sequence as mentioned above.

A diagram of the experimental appar
atus is shown (Figure 2). A constant head
tank was used as a water reservoir both

during ponded and partially saturated
flow conditions.

New base soil was used for each test

run. This was necessary because the tank
was to be filled with a 4-ft (122-cm)
depth of soil column as close to field
conditions as possible. The method used
to maintain the same density gradient
involved taking the tanks out to the field
site, digging the same volume of soil in
the field as the volume of the tank, and
filling the tank, mamtaining the same
profile sequence as in the field. As a
check, two density samples were taken
from each tank from every 2nd ft.

The filter materials were wrapped
around the drain as mentioned pre
viously. The thickness of the gravel
envelope, limited somewhat by the
dimensions of the drain tank, was 3
inches (76 mm) on each side, and above
the top and bottom of the drain.

At the start of each test run, water was
allowed to enter the soil surface in the

drain tank at a rate such that about 2

inches (51 mm) of water remained
ponded on the soil surface. The beginning
of each run was considered to be when

water just appeared in the drain tube,
which was usually 30 to 45 min after
water was introduced at the soil surface.

The conversion from a ponded water
condition to a partially saturated flow
condition took about 30 min. After 2 1/2
h of a ponded water test run, the water
supply to the soil column was closed and
the water standing on the soil surface was
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allowed to drain. After the ponded water
was drained, the water supply to the soil
column was restored through the side
gallery. After the water level in the
gallery reached a constant level, the par
tially saturated part of the test was
started.

Three readings were taken during the
initial 15 min. During the remainder of
the saturated test condition, the rate of
flow through the drain was measured at
15-min intervals. The rate of flow was

measured by using a calibrated container
and a stop watch. The total flow of water
and the soil discharged for an entire cycle
was collected in a plastic container. The
sediments were allowed to settle over

night and then the water was drained off.
The drain tube was completely cleaned of
sediments at the end of each portion of
the test and this quantity added to the
sediments discharged in the bucket during
the entire test. The sediments were dried

in an oven at 105°C and weighed.

The experiment was designed as a
simple factorial design. Duplicate runs
were performed for each filter treatment,
including the check. The order of per
forming the tests was random. Data were
recorded for a total of 32 runs. The

measurements made and recorded for

each run were: (1) the rate of water flow
through the drain for both flow condi
tions, and (2) the soil discharged during
the entire test.

*—
Water inlet

Drain tank

Drain tube

Water inlet to gallery

Overflow from gallery

Gate valve

Constant head reservoir

End View Side View

Figure 2. Schematic diagram of apparatus and flow systems.
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Figure 3. Grain size distribution of base soil and gravel filter.
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Figure 4. Soil moved into the drain tube under various treatments.
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ment is shown (Figure 4). There was a
wide range in the amount of soil dis
charged into the drain tube using the
various filter materials. Also, there was
some variation in the amount of sedi

ments discharged for the same filter
materials between different test runs.

This variation may be attributed to dif
ferences in compaction of filter material
around the drain in the case of the gravel
filter. For other filter materials, possibly
much of this variation can be explained
by the non-uniformity of pore sizes in the
glass fiber material as found by Nelson
(6).

Under all treatments, most of the soil
movement occurred during the first half
of the test period when ponded flow
conditions existed. This observation sug
gests that in the field most of the soil

movement will occur during and shortly
after a heavy irrigation or rainfall rather
than under equilibrium ground water
conditions.

An overall comparison of averages for
sediments discharged for all filter
materials was made (Table I). Since the
type of perforations in the drain tube had
no significant effect on soil movement
into the drain, the effect of perforation
type was neglected in the comparison. In
this investigation, a difference equal to or
greater than that required at the 5% level
was considered as sufficient difference for

significance.

Considering the overall results, the
glass fiber mat with glass fiber felt, tile
guard with glass fiber felt, and the glass
fiber mat with poly-underlay provided
the best protection against soil move
ment, ranked in descending order in this
sequence. These materials were not signi
ficantly different from each other. Tile
guard with poly-underlay ranked 4th in
providing protection against soil move
ment. While tile guard with poly-underlay
was not significantly different from glass
fiber mat with poly-underlay it was signi
ficantly different from glass fiber mat
with glass fiber felt and tile guard with
glass fiber felt. Glass fiber mat 270° and
tile guard 270° provided comparatively
poor protection and ranked 5th and 6th,
respectively. However, these treatments
provided significantly better protection
than the gravel filter and were not signifi
cantly different from each other. Gravel
filter ranked 7th by providing significant
ly poor protection as compared to other
treatments except for the treatment with
out a filter, which was obviously signifi
cantly poorer than all other treatments.

An overall comparison of the average
amount of water discharged for all treat
ments is given (Table II). Since the
perforation types did not significantly
affect the water discharged, their effect
was neglected in the comparison. The
results of the comparison show that the
amount of water discharged with the
gravel filter around the drain was signifi
cantly higher than for other treatments,
whereas with the no-filter treatment the
amount of water was significantly lower
than for all other treatments. The remain
ing six treatments showed a distinct
division into two groups. Both tile guard
and glass fiber mat showed significantly
different amounts of water discharged
between various placement conditions or
combinations. However, they did not
show significantly different results under
similar placement conditions or combina
tions. Both materials, in combination
with glass fiber felt showed significantly
higher values than the 270° wrap over the

RESULTS AND DISCUSSION

The results of the mechanical analyses
performed on the soil samples from the
topsoil and subsoil were plotted (Figure
3). The results gave some indication that
the problem of siltation would exist if
subsurface drainage were practiced in the
Edmonton area.

The design of the gravel filter used was
based on the criteria of the U.S. Bureau

of Reclamation (4). An ideal gravel filter
should fit midway between the upper and
lower limits of the designed filter. The
grain size distribution of the pit-run
gravel used as a filter material is shown
(Figure 3).

The average quantity of soil sediments
moved into the drain under each treat-
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TABLE I COMPARISON OF THE OVER ALL EFFECT OF FILTER MATERIALS ON SOIL DISCHARGED

Glass fiber Tile guard Glass fiber Tile guard Glass fiber

Gravel mat Tile guard with mat with with glass mat with glass
filter 270° 270° poly-underlay poly-underlay fiber felt fiber felt No filter

Mean soil

discharged
(g) 12.25 8.22 8.42 3.85 2.99 2.58 1.88 49.00

Any two means in this table and those following not underscored by the same line are significantly different. Any two means underscored by the same
line are not significantly different.

TABLE II COMPARISON OF THE OVER ALL EFFECT OF FILTER MATERIALS ON WATER DISCHARGED

Gravel

filter

Tile guard
with glass
fiber felt

Glass fiber

mat with glass
fiber felt

Glass fiber

mat

270°
Tile guard

270°

Glass fiber

mat with

poly-underlay

Tile guard
with

poly-underlay No filter

Mean water

discharged
(kg) 57.59 45.76 45.00 42.70 42.58 40.47 39.57 35.42

top of the drain, which, in turn, gave
significantly greater amounts of water
flow in comparison with tile guard and
glass fiber mat combined with poly-
underlay.

SUMMARY AND CONCLUSIONS

In this study, a medium-textured soil
was selected as a base soil and seven filter

materials or combinations of materials

were compared in a laboratory tank
model to determine their relative effect

on the flow of sediments and water into a
plastic drain tube. Drain tubing with two
types of perforations (slots and holes)
was used.

The amount of soil and water dis
charged into the drain for different filter
materials was significantly different.
However, the type of perforation did not
affect significantly either the soil move
ment or the water discharged.

The glass fiber mat with glass fiber
felt, tile guard with glass fiber felt, and
glass fiber mat with poly-underlay, pro
vided the best protection against sedi
ment movement. There was no significant
difference between any two of these
combinations. Tile guard with poly-
underlay ranked 4th in providing protec
tion against soil movement. While this
was not significantly different from glass

fiber mat with poly-underlay, it was
significantly different from glass fiber
mat with glass fiber felt and tile guard
with glass fiber felt. Glass fiber mat 270°
and tile guard 270° provided comparitive-
ly poor protection and ranked 5th and
6th, respectively. However, these treat
ment combinations provided significantly
better protection than the gravel filter.
With no filter material, the amount of
sediments collected in the drain was high
as compared to the other treatments.

The amount of water discharged was
higher with the gravel filter and was lower
under the no-filter treatments as com

pared with other treatments. The other
six treatments were ranked as follows:

tile guard with glass fiber felt, glass fiber
mat with glass fiber felt, glass fiber mat
270°, tile guard 270°, glass fiber mat with
poly-underlay, and tile guard with poly-
underlay.
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