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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 characterises 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

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
flow 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 30, 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

ORAIN 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-
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Figure I. Drawdown curves for various tile drain spacings.
i August 29, 1959

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

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
(feet)

30

30

30

30

60

60

60

90

90

120

120

Time (days for water-table recession
to depth of

2 feet 3 feet

2

2

2
2

2%
4

5%

#

5

4

41/2

6

5

11

*

* Denotes that the test was discontinued because precipitation affected
the recession of the water table.

8



0.63 and 0.45 feet per day for drain
spacings of 30, 60, 90 and 120 feet
respectively. The rate of water-table
recession at a depth of three feet
was 0.15 feet per day for all drain
spacings. In the undrained are:a, the
average rate of water-table recession
was 0.52 feet per day in the upper
foot of the soil profile and 0.15 feet
per day at a depth of three feet. The
agreement of the rates of water-table
recession at a depth of three feet in
the drained area for all drainage
spacings and in the undrained area is
reasonable since the water table was
beyond the range of the tile drain
influence at that depth.

On the other hand, the rate of
water-table recession in the upper foot
of the undrained area was higher
than the rate of water-table recession
in the upper foot of the drained area
during the 120-foot drain spacing
test. The explanation of this observa
tion is that the rate of 0.45 feet per
day for the 120-foot drain spacing
test was determined from observa
tions made during October and the
rate of 0.52 feet per day in the un
drained area was determined from
observations made during the entire
period of July and October. The
average rate of evapo-transpiration
during the period from July to Octo
ber is higher than during October
only and therefore the rate of water-
table recession for the 120-foot drain

spacing test was comparatively low
because of the relatively low evapo-
transpiration rate during the test. By
the same logic the rate of water-table
recession for the 30-foot drain spacing
test was probably comparatively high.
It follows that rate of drainage is a
function of both drain spacing and
the time of the season. The rate of
water removal by deep percolation,
lateral movement and evapo-transpira
tion as indicated by the rate of water-
table recession in the undrained area

was an important component of the
rate of water-table recession with tile
drainage. This is substantiated by the
findings of other authors (3, 4).

The tile drain flow hydrographs for
the various drain spacings are pre
sented in Figure 2. These hydrographs
illustrate the rate and volume of water
removal by the tile drains for the
various drain spacings. The relative
importance of deep percolation,
lateral movement and evapo-transpira
tion can be determined from them

by subtracting the total volume of
the tile drain effluent from the total
volume of water application. For ex
ample, in the 30-foot drain spacing
test, 11 per cent of the water applied
was lost to deep percolation, lateral
movement and evapo-transpiration.

Wotar application (Jul, 0,1939) 2.4 inchtt

Tilt iiroln llo. 7,350 impariol gallant

Tlmt Idavtl

Figure 2. Tile drain flow hydrographs for various tile
drain spacings.

In the 120-foot drain spacing test,
this figure was 40 per cent.

An additional comparison of the
effectiveness of the various drain spac
ings in the removal of water can be
obtained by expressing the maximum
tile drain flow rates as a depth in
inches removed from the surface by
the tile drains in a 24-hour period.
Calculated on this basis, the maxi
mum tile drain flow rates were 1.06,
0.48, 0.39 and 0.33 inches for tile
drain spacings of 30, 60, 90 and 120
feet respectively. It is pointed out
here that these rates are not drainage
coefficients since they do not include
the rates of water removal by deep
percolation, lateral movement and
evapo-transpiration.

DRAIN SPACING 30 FEET

wotti opplied on Augutt 19, I95S

Tilt droln How 2 perlol gollont per

8 30 om, August 23 , 1958

m, August 25, 195

Figure 3. Piezometric pressure lines for 30-foot tile
drain spacing.

The lines in Figure 3 are piezo
metric pressure lines or, more accur

ately, lines of equipotential piezo
metric pressure. Since the direction
of flow is at right angles to the piezo
metric pressure lines, the path of
groundwater movement toward the
drains can be traced. These data are

also useful in assessing the importance
of deep percolation in soil drainage.

In summary, the rate of water-table
recession decreased with increased tile
drain spacing. However, this rela
tionship was accentuated by an evapo-
transpiration rate which also de
creased with increased tile drain spac
ing. From both the drawdown curves
and the tile drain flow hydrographs,
it was determined that deep percola
tion, lateral movement and evapo-
transpiration are an important com
ponent of the total drainage occurring
in the presence of tile drains, par
ticularly when the drains are widely
spaced.

GENERAL

The problem of determining drain
age requirements for the glacial till
of western Canada is one that must
be solved by a team of scientists com
prised of drainage engineers, soil sci
entists and plant scientists. Co-opera
tion is necessary in order to relate
ground-water and salinity control to
different levels of plant production.
The responsibility of the drainage
engineer is to determine an adequate
design to meet the requirements for
each level of salinity and ground
water control thereby relating sub
surface drainage adequacy to the level
of plant production. When this re
lationship has been defined the eco
nomic feasibility of tile drainage in
the glacial till soils of western Canada
can be determined.
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(Figure 3). It consists of a heavy
duty chain in 10 feet sections, with
numerous spikes welded across the
links. It is pulled by a tractor which
travels at the top of the slope and
is swiveled to a weight wheel which
trails at the foot of the slope. The
weight is adjustable to compensate for
changes in slope. This harrow leaves
the soil in exceptionally good con
dition. On some very low pH soils
it has been found necessary to apply
and thoroughly mix in heavy treat
ments of lime and gypsum for three
years in succession before any growth
could be established. Where the mix

ing or cultivating has been done with
this rolling chain harrow very little
erosion has occurred. The soil is left

in a loose and crumbly condition
better able to absorb precipitation.
On steep slopes the final seed bed
preparation is accomplished by har
rowing, after which the seeding is
done by means of hand operated
broadcast seeders.

Mulching of newly seeded dykes
has proved successful as a protection
against washing, but is a time and
money consuming operation. Hay has
been used for this purpose with good
results, except on the outer slopes
of the dykes where tidal flows carried
away most of the mulch even when
covered with a layer of soil, or when
held in place with twine spaced 10"
x 20" and pegged at each intersection.

Mulching with a film of an asphal-
tic emulsion at about 1/4 to 1/3 gal
lon per square yard, directly on the
bare ground, although expensive has
proved to be a valuable method of
protecting newly seeded ground from
severe erosion. In addition to pre
venting erosion the film holds mois
ture and raises the temperature of the
soil in the vicinity of the germinating
seed.

Most coastal areas of the Maritimes

experience strong prevailing winds off
the water during the summer which
makes lime spreading operations on
dykes difficult to carry out with mech
anized spreaders. At these times and
on steep slopes it is necessary to resort
to hand methods for spreading lime,
gypsum and fertilizer.

A novel method is occasionally
used for seeding in the early spring.
Seed is broadcast on the ground dur
ing the period of nightly freezes and

daily thaws. The seeds sink into the
surface mud on subsequent freeze-
thaw cycles and as conditions become
favourable they germinate.

When growth is being established
on a new dyke, it has been found
necessary to protect the vegetation
from damage caused by livestock.
Proper fencing until growth is well
established is the only answer to this
problem.

An anual mowing program is car
ried out to increase the density of
low growing grasses and to control
the growth of weeds and other tall
growing vegetation. Left uncut year
after year the growth tends to keep
the top soil layer soft and spongy
and more susceptible to washing, es
pecially on the tidal face of the dykes.
A thick batch of dead vegetation also
encourages mice to habitate the dyke
slopes and makes it more difficult
to check the dyke for holes made by
muskrats or foxes.

Strongly acid soils can seldom lie
brought to optimum pH values be
fore seeding and a top dressing of
limestone must be applied every few
years to maintain an acceptable pH
level. However the general high level
of natural fertility of tidal marshland
soils usually makes unnecessary the
periodic application of fertilizers to
maintain an acceptable protective sod.

SUMMARY

During the past twelve years of
experience in establishing vegetative
cover on dykes protecting the tidal
marshlands in the Bay of Fundy area
of the Maritime Provinces, use of
tillage equipment and methods of
operation to produce an erosion re
sistant seed bed have been developed.
Soil treatments necessary to start and
sustain plant growth have been deter
mined. Species of plants suitable for
use as protective cover, and at the
same time tolerant of the environment
found on dykes, have been selected.

It lias been established that good
structure design, correct manipulation
and handling during construction,
and proper and timely seed-bed prep
aration are operations which are im
portant. These should be under in
telligent control to guarantee the
establishment of an adequate vegeta
tive cover as protection from erosion
for earthwork structures.
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APPENDIX

Equipment used for outfitting one
2-man crew for seeding and maintain
ing grass on dykes —

1. One ton dual wheel truck with
heavy duty two wheel trailer.

2. Medium heavy farm tractor.

3. Tandem (double) disc.

4. Springtooth, chain and disc har
rows.

5. Double roller packer type seeder,
with double seed box for coarse

and fine seeds.

6. Fertilizer sower and lime spread
er.

7. Hand operated broadcast seeders.

8. Sidemount power take-off mower.

9. Side delivery rake for three point
hitch.

10. Rolling chain harrow with swiv
eled weight wheel.

11. Tool boxes complete with hand
tools and accessories as required.
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