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INTRODUCTION

Drainage can be classified according
to the two regions in which it is prac-
tised — humid areas and irrigated
areas. The objective of humid area
drainage is usually control of storm
runoff, and the drains are normally
placed at shallower depths than for
irrigation drainage. Irrigation drain-
age has been simply defined as the
removal of excess water and excess
salts from agricultural soils (2). The
high salt content of many irrigated
soils developed in arid regions can
be attributed to low precipitation.
The minerals from which the soils
were formed were originally high in
salts and the precipitation has been
insufficient to remove them by leach-
ing.

Drainage can also be classified as
either surface or sub-surface. Surface
drainage, while necessary, is compara-
tively simple. Open drains are merely
installed at the proper depths and
grades for removal of surface waters.
Subsurface drainage, on the other
hand, is more complex. Pumped wells,
deep open drains, mole drains, per-
forated pipe or tubing, and tile drains
are the five major types of subsurface
drainage systems. The most common
method is tile drainage. Tile drains
are constructed by burying tile (one-
or two-foot lengths of circular con-
crete or burned clay conduit) in suit-
able water-bearing strata. The sec-
tions of tile are laid end-to-end and
water enters the tile drain through
the space between the tile. The tile
drain is usually surrounded with
gravel or some other filter material
to prevent inflow of soil particles.

Soil survey maps of Alberta and
Saskatchewan indicate that a con-
siderable portion of the irrigated
areas of western Canada consists of
coarse- to medium-textured soils un-
derlain at shallow depths by slowly
permeable glacial till. In a large area
of the Bow River Project in southern
Alberta, for example, the glacial till
is within three feet of the surface and
the hydraulic conductivity of the till
is low. Investigations indicate a trend
toward salt accumulation in the upper
two feet particularly in those soils
that are more highly salinized in the
lower depths (1).

For the deeper soils of western

Canada which are underlain by gla-
cial till, deep and widely spaced tile
drains have been recommended.
These lands have been considered
suitable for diversified cropping and
the highest land use climatically poss-
ible. For the shallow soils, shallow
and closely spaced tile drains and
a restriction of crops to the shallow-
rooted types have been recommended.
On lands characterized by heavy,
slowly permeable soils from the sur-
face to considerable depth, expendi-
ture of funds for subsurface drainage
has been considered impractical. For-
tunately, the total area of soils of the
latter type is limited (3).

The determination of the drainage
requirements for any particular local-
ity requires consideration of climate,
the quality of the irrigation water,
the characteristcs of the soil, and the
cropping system (6). In western Can-
ada, the long cold winters limit the
cropping pattern to one crop per year
and permit the water table to recede
to safe depths before each growing
season (1). Irrigation water quality
is good (450 p.p.m. total salts on the
Bow River Project) (1). Soil salinity
is definitely a hazard but the rate of
accumulation of salts in the root zone
can be expected to be slow because
of the slow evapo-transpiration rates
associated with cooler climates (4).
In consideration of these conditions,
it is commonly reasoned that a relaxa-
tion of the drainage requirements in
western Canada is justifiable.

OBJECTIVE

A field experiment was undertaken
to determine the effectiveness of
shallow tile drains in controlling
ground water and salinity in shallow
glacial till soils. This paper will deal
specifically with the performance of
the tile drains in controlling ground
water.

DESCRIPTION OF
FIELD EXPERIMENT

The site chosen for this experiment
is located one mile north of Vauxhall,
Alberta, in an area of glacial till over-
lain by an alluvial deposition of one
to two feet of sandy loam. The upper
foot of the glacial till is generally
a modified till with a sandy clay loam
texture, a disturbed hydraulic con-
ductivity of 0.2 to 0.4 inches per hour
and a bulk density of 1.4 grams per
cubic centimeter. The underlying
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glacial till, although it is of the same
texture as the modified till, has a dis-
turbed hydraulic conductivity of 0.1
to 0.2 inches per hour and a bulk
density of 1.5 to 1.7 grams per cubic
centimeter. The original electrical
conductivity of the upper six feet of
the soil profile as reported by Van
Schaik and Milne (7) was high (12.4
to 13.1 millimhos per centimeter).

In 1957, a plot area 150 feet wide
and 240 feet long was selected. The
plot was subdivided by dykes (12
inches high) into five level basins
each 30 feet wide and 240 feet long.
Below the longitudinal axis of each
basin, a trench approximately 39
inches deep, 24 inches wide and 240
feet long was excavated for the in-
stallation of tile drains. Each tile
drain was centred vertically and hori-
zontally in a gravel filter 12 inches
deep placed in the bottom of the
trench. The depth below ground sur-
face to the top of each tile drain was
approximately 30 inches, the mini-
mum depth for safety from mechani-
cal and frost damage. One-foot sec-
tions of four-inch diameter clay tile
installed at a slope of 0.1 per cent
were used. The trench was completely
backfilled with the material previous-
ly exacavated. By closing off interme-
diate drains, effective drain spacings
of 60, 90 and 120 feet could also
be obtained.

In 1958, two undrained buffer bas-
ins 30 feet wide and 240 feet long
were installed, one on each side of
the drained area to ensure proper
hydraulic boundary conditions. An
undrained area consisting of five
level basins 27 feet wide and 150 feet
long was also constructed. The un-
drained area was located to the west
of the drained area and was separated
from the drained area by an un-
drained non-irrigated strip 20 feet
wide. The purpose of the undrained
area was to provide comparable data
on the behaviour of shallow glacial
till soils without drainage.

A line of ground-water observation
wells for the determination of the
water-table level was installed perpen-
dicular to the tile drains across the
centre of the drained area and buffer
basins. A line of observation wells was
also installed on the undrained area.
In addition, flanking observation
wells were installed in both drained



and undrained basins to determine
the importance of any lateral or longi-
tudinal movement to or from the
experimental area. Each observation
well consisted of a 314-inch perforated
galvanized downspout five feet long
installed in a five-inch augured hole.
The space between the downspout
and the outer diameter of the augered
hole was backfilled with sand. The up-
per portion of the downspout was pro-
tected with a section of eight-inch
tile surrounded by a mixture of sand
and bentonite to prevent surface
water from seeping directly into the
observation well. A numbered can
covered the top of the downspout to
identify the observation well and to
prevent entry of foreign material. A
rod graduated in hundredths of a
foot with a float attached rigidly to
the lower end was used for measure-
ment of the water-table level.

Piezometers of various lengths were
installed in groups in two basins for
determination of piezometric press-
ures and flow patterns. The bottom
ends of the installed piezometers form-
ed an imaginary grid on a vertical
plane perpendicular to the tile drain.
This arrangement enabled the plot-
ting of piezometric pressures on a
two-dimensional graph.

Four irrigations totalling 17 inches
of water were made in 1957 in order
to reduce the salinity of the soil prior
to planting a cover crop. Van Schaik
and Milne (7) reported that the elec-
trical conductivity in the upper three
feet of the soil profile was reduced
to less than 6.3 millimhos per centi-
meter by these four irrigations. In
1958, a cover crop consisting of a mix-
ture of Reed Canary grass and Vernal
alfalfa was established before tests
were commenced.

PROCEDURE

In order to determine tile drain
performance, the water table in the
drained area and the buffer basins
was raised to the soil surface by ap-
plying water to the surface. The depth
of each water application was two to
three inches as measured by staff
gauges. The duration of each water
application was kept to a minimum
(less than 90 minutes).

Water-table levels in both drained
and buffer basins were normally meas-
ured at 24-hour intervals. However,
with the slower rates of water-table
recession observed during the later
stages of some tests, the interval be-
tween measurements was extended to
periods up to 96 hours. Drawdown
curves were plotted for each test using
only the data from the observation
wells between the two outermost open
tile drains. Measurement of water-
table levels in the remaining observa-

tion wells provided a check on hy-
draulic boundary conditions. Tile
drain flows were determined using a
quart measure and a stopwatch. The
intervals between measurements var-
ied from four hours to 96 hours de-
pending on the rate of change of
tlow rates. Piezometric pressures were
determined and recorded each time
water-level measurements were made.
A total of eleven tests were conducted
for drain spacings of 380, 60, 90 and
120 feet.

Water application (two- to three-
inch depths) were made to the un-
drained basins to determine the rate
of water-table recession in shallow

DRAIN SPACING

30 FEET

)

the drained and buffer basins.

RESULTS AND DISCUSSION

Four typical tests been selected to
demonstrate the performance of shal-
low tile drains in shallow glacial till
soils for the various drain spacings.
Drawdown curves for drain spacings
of 30, 60, 90 and 120 feet are pre-
sented in Figure 1. The time required
for recession of the water table for the
various drain spacings to depths of
two and three feet was tabulated and
is shown in Table 1. The water-table
recession was assumed to begin when
the water had receded from the
ground surface after each water ap-

DRAIN SPACING 120 FEET

Depth below ground surface (feer )
Depth below ground surfoce (feet)

D..tonce from tile droin (feet)

Warer opplied on July 8, 1959
Woter receded from ground
surfoce on July 9, 1959

ORAIN SPACING 60 FEET

Depth below ground surface (feer)
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Distonce from tile drain (feet)

Woter opplied on July 20, 1959
Woter receded from ground surfoce on July 23, 1959

Figure |.

glacial till soils with no drainage. The
level of the water table was measured
following each water application at
intervals similar to the intervals be-
tween water-table measurements in

Depth below ground surfoce (feet)

[0 20 25 30 38 40 43 50 ss 60

Distonce from tile droin (feet)

Water opplied on October 1S, 1959
Water receded from ground surfoce on October 20, 1959

DRAIN SPACING 90 FEET
Aug 26

Distonce from tile droin (feet)

Woter applied on August 25, 1959
Woter receded from ground surfoce on August 29, 1959

Drawdown curves for various tile drain spacings.

plication.

The rates of water-table recession
in the upper foot of the soil profile
as determined from the drawdown
curves of Figure 1 were 1.10, 0.81,

RESULTS AND CONCLUSION

Table 1

TIME FOR WATER-TABLE RECESSION TO VARIOUS DEPTHS
AT VARIOUS DRAIN SPACINGS

Drain Spacing

Time (days for water-table recession
to depth of

(feet) 2 feet 3 feet
30 2 *
30 2 5
30 2 4
30 2 414
60 3 *
60 3 6
60 214 5
90 4 *
90 514 11

120 7 *
120 8 *

* Denotes that the test was discontinued because precipitation affected

the recession of the water table.
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