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INTRODUCTION

In an irrigated environment, rile
drains are often used to protect the
soil and crop against the detrimental
effects of high water tables, surface
waterlogging, and salinity. The
amount of water and salts removed
by such drains is important in evalu
ating their effectiveness in reclaiming
a problem area and in maintaining
favorable soil conditions.

The performance of tile drains
under irrigation is dependent on a
multitude of complex interrelation
ships of soil-water hydrology. Major
factors influencing the quantity of
water to be drained are the amount
of water applied to the land and the
amount of seepage water into and
out of the affected area. The charac
teristics and variability of the soil and
subsoil materials also affect drain
performance.

A performance parameter useful in
evaluating a drainage system in the
field is the drainage yield. Pillsbury
(5) used the term drainage yield to
refer to peak and average flows
which must be removed by water
table control facilities. Both are em
pirical values which are determined
either by observation of existing
drains or by judgment and experience
within a given area. Donnan et al.
(1), in drainage studies in the Im
perial Valley, California, estimated
that 10 percent of the irrigation water
supplied may be considered as the
amount to be dealt with in the de
sign of a drainage system. This
amount may have to be increased to
as much as 50 percent to provide a
leaching requirement where salinity
is already a problem. Investigations
in the Coachella Valley, California,
reported by Pillsbury et al. (4), did
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not disclose any significant factor af
fecting peak drain flows except the
length of the system metered. A
simple equation was developed to
give maximum discharge in terms of
drainage area or length of tile. In a
later study (6) design criteria were
reviewed and a revised set of coef
ficient values based on area soil char
acteristics and irrigation practices
was suggested. Weeks (11), as a re
sult of measurement of flows from
tile systems made over many years,
proposed a set of design criteria for
discharge requirements on an area
basis for the Coachella Valley. In a
study of 20 drains in northeastern
Colorado, Evans and Stephens (2)
found a good correlation between
yield and both hydraulic conductiv
ity and stratification of the soil. The
U.S. Soil Conservation Service report
ed, from surveys throughout the
Western States covering about one
million acres (10), that the drainage
yield varied from 0.02 to 7.6 cfs per
1000 feet of tile, with an average of
1.0 cfs. More recent studies (10)
made in Colorado on eight individual
farms indicate that the yield ranges
from 0.02 to 0.74 cfs per 1000 feet of
drain, with an average of 0.23 cfs.
Because of such wide variation, it
was suggested that local recommend
ations be developed.

Israelsen et al. (3), in a study of
drain effectiveness in the Delta area,
Utah, found considerable variability
in the effectiveness of gravity drain
age in lowering the water table in the
vicinity of drains. Such differences
demonstrate the importance of col
lecting and analyzing performance
data in selecting the location, depth,
and spacing of drains.

The effectiveness of tile drains in
reclaiming irrigated areas can often
be related to changes in the quality
of the drainage effluent. Pillsbury
and Johnson (7) showed that in the

San Joaquin Valley of California con
centration of salts discharged in the
tile effluent decreased exponentially
from the time the tile systems were
installed.

Tile drainage is not a general prac
tice in southern Alberta, and there
fore information essential for develop
ing good design has been lacking.
The drainage coefficient used in
humid areas is based on entirely dif
ferent criteria and is not applicable
to irrigated conditions. The ponded
condition, which permits rational cal
culations of discharge, is very seldom
reached.

The objective of the study reported
here was to determine the adequacy
of some existing drainage systems in
the Vauxhall area in southern Al
berta. This information will be used
to predict the drainage requirements
and the response to drainage of sim
ilar irrigated soils.

MATERIALS AND METHODS

Five tile drains were selected for
study in an area with predominantly
sandy loam and loams over sand and
loamy sand (figure 1). The profiles
are developed on alluvial lacustrine
material. Investigations in 1951 (8),
before the installation of the tile
drains, showed that the water table
varied from 1 to 7 feet below the
ground surface, indicating the need
for drainage. Lack of drainage was
also causing increased salt concentra
tion in the upper soil horizons, there
by decreasing productivity in the
area. Construction of tile drains was
recommended and carried out during
the period from 1952 to 1955.

Tile drains 1C, ID, and IE are
classed as relief drains. Their func
tion was to relieve an area of approx
imately 240 acres affected by excess
groundwater having little lateral
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Figure 1. Map of tile drain study area, Vauxhall, Alberta.

movement. The clay tiles, 6 inches in
diameter, were laid with an envelope
of pit-run gravel on grades varying
from 0.10 to 0.35 percent at an aver
age depth of 6 feet. The tiles were
installed with either a trencher or a
backhoe excavator.

Tile drains L3 and L4 are classed
as interceptor drains. They are lo
cated to intercept groundwater mov
ing from the north toward the open
drain and to convey it away before

it reaches the problem area. Profiles
of these tile drains, showing logs of
soil materials encountered and the
original depth of water table, were
obtained (figure 2). The tiles, 8
inches in diameter, were laid with an
envelope of pit-run gravel on grades
shown in the profiles. All tiles were
installed with a backhoe excavator,
often under adverse weather and
high water-table conditions.

Each tile drain empties into an

_L J_

open drain, making it possible to de
termine accurately the discharge rate
from each drain. Beginning in 1956,
instantaneous flow readings, using a
calibrated measure and a stop-watch,
were made monthly or oftener during
the irrigation season and every 2
months during the remainder of the
year. Samples of the effluent were
taken on approximately the same
schedule for analysis of the salt con
tent. Measurements of flow and
sampling for water quality were car
ried on for 12 years to establish a re
liable record for analysis.

A system of piezometers was in
stalled adjacent to and out from the
tile drains (figure 1) to determine the
water-table slope and position and
the effective area of influence. Ob
servations were taken through sev
eral irrigation cycles each season to
determine trends.

RESULTS AND DISCUSSION

There are several methods of re
porting drainage yields. Pillsbury (5)
suggested gallons per minute per
1000 feet of drain as a suitable unit
for immediate design purposes. The
data reported (table I) have been
obtained from a long series of per
iodic instantaneous readings of dis
charge rate and are expressed in im
perial gallons per minute per 1000
feet of tile drain. The annual season
under consideration here usually ex
tended over a 7-month period from
mid-April to mid-November. Peak
recorded flows during each season
are also given. It should be noted
that the 'peak recorded' flows prob-
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Figure 2. Profiles of interceptor drains L3 and L4.
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TABLE I. SUMMARY OF TILE DRAIN FLOWS1

Average or
peak value2

R9i>iftf flrfti"? Interceptor

L3
rlrfvl"?

Year 1C 1D 1E 14

1956 a

P

5.9
9.2

6.5
20.7

5.4
14.5

10.6
13.6

1957 a

P

4.7
9.2

19.2
29.6

7.6
8.7

21.5
33.2

15.4
25.4

1958 a

P

12.9
17.8

6.6

8.7
18.4
26.5

13.2
16.9

1959 a

P

16.1
24.6

4.1
6.4

18.7
33.2

9.3
12.7

1960 a

P

4.8
6.7

12.6
20.1

4.2
7.0

23.6
55.3

14.2
22.9

1961 a

P

6.3
8.3

11.2

20 .4
4.1

11.2
20.6
48.6

15.6
23.7

1962 a

P

3.8
3.9

9.1
17.8

2.4
3.4

17.3
29.4

14.3
18.1

1963 a

P

5.6
7.0

13.6
26.7

2.0

4.4
23.4
33.2

15.2
16.9

1964 a

P

3.9
12.0

12.9
26.7

1.8
5.8

25.1
36.5

15.3
17.8

1965 a

P

4.5
8.4

13.8
26.7

1.8

5.1

19.7
23.0

10.0

13.6

1966 a

P

2.0

3.8
14.9
19.0

18.8

21.1

1967 a

P

17.8
27.1

17.5
24.2

Average A

P

5.0
8.1

12.4
22.2

3.7
7.2

19.9
33.2

14.2
18.0

1Flows reported in imp gpa per 1000 feet of drain (1 cfs = 373 imp gP»).
2a - seasonal average flow; p - peak recorded flow; A- time-weighted
average flow; P - average peak flow.

Total length of tile drains: 1C, 2175 ft; 1D, 3375 ft; 1E, 3440 ft;
^ L3, 2262 ft; 14, 5900 ft.

leys, California. The seasonal aver
age and maximum flows from farm
drains studied by Evans and Stephens
(2) in Colorado are similar to those
of the interceptor drains in this study.

ably do not represent true peak
values in the usual sense because of
the periodic nature of the measure
ment schedule. However, both peak
recorded and average flows are use
ful for flow comparisons between
drains. The difference in flow rates
between drains was highly signifi
cant.

Flow rates observed in this study
are of the same order as those re
ported by Pillsbury (5) for tile drains
in the Imperial and Coachella Val-

inflow into the area and to vertical
recharge from irrigation. The fine
texture of the soils around the peri
phery of the area drained by the re
lief drains may account for their low
er yield, especially for tile drains 1C
and IE. In comparison, tile drain ID
was quite effective in removing
groundwater from the area. There
appears to have been no regression
in drainage yield with age of the
system. The abrubt decrease in yield
of tile drain IE after 1961 is pre
sumed due to clogging of the drain
with fine sand and silt at the upper
end, thereby reducing its effective
length. Records were discontinued on
tile drains 1C and ID after 1965 be
cause the outlets in the project-oper
ated open drain were frequently sub
merged during irrigation seasons to
ward the end of the study period.

Information on the effectiveness of
the tile drains in lowering the water
table during an irrigation season was
also assessed. Time-averaged eleva
tions of the water table were calcu
lated by seasons for piezometers lo
cated in lines at right angles to the
tile drains. Water-table profiles for
two seasons, generally representing
the average and highest water-table
situation for the period of record,
were selected for presentation
(figures 3, 4, and 5).

In general, the profiles perpen
dicular to the relief drains (figure
3) show a definite slope toward the
tile drains, indicating that the drains
were functioning in removing part of
the groundwater. Slightly higher sea
sonal water tables were indicated
with increasing age of the system.
The higher water tables were prob
ably due in part to the lack of main
tenance causing submergence of the
outlets in later years and to changing
management practices after initial
drainage. The land has been used as
an irrigated pasture since 1955 and
is intensively irrigated. Under these
conditions relief drains should be
spaced closer than the 1000 to 1400
feet used. It is suggested that a drain
spacing of not more than 700 to 800
feet is necessary to provide effective
drainage.

The water-table profiles perpen
dicular to the interceptor drain L3
(figure 4) show little effect upslope
relative to that downslope. In figure
5 the water-table profiles perpen
dicular to tile drain L4 indicate that
this drain does not greatly depress

The performance of the relief
drains (tile drains 1C, ID and IE)
with regard to peak and average
flows was less spectacular than that
of the interceptor drains (tile drains
L3 and L4). The higher drainage
yields from the interceptor drains
were most likely due to groundwater
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Figure 3. Time-averaged water-table profiles perpendicular to relief tile drains IC, ID, and IE.
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the water table. Insufficient water-
table records before the installation
of these drains preclude quantitative
expression of the water-table be
havior without drainage. But it was
noted that the general high water-
table conditions which made farming
operations impossible early in the
season prior to construction showed
a marked improvement after the
drains were installed. The small dif
ferences between the seasonal maxi
mum and average water-table eleva
tions represent a steady condition. It
is suggested that interceptor drains,
properly located and installed under
somewhat similar conditions, can
maintain the water table at a per
missible level during the growing

Figure 4. Time-averaged water-table profiles perpendicular to interceptor tile drain L3. season
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Figure 5. Time-averaged water-table profiles perpendicular to interceptor tile drain L4.
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Figure 6. Salinity of effluent vs. tile drain age for relief tile drains IC, ID and IE.
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Figure 7. Salinity of effluent vs. tile drain age for interceptor tile drains L3 and L4.

TABLE II CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS
RELATING SALINITY OF TILE DRAIN EFFLUENT AND TILE DRAIN AGE

Tile
drain

Test period
interval,

years

Correlation

coefficient

(r)

Regression
equation1

(y = bx + c)

1C 3-12 0.23

1D 4 -13 -0.42

1E 3-13 0.40

L3 2 -'12 -0.88** y = -71x •*• 2479

14 1 - 12 -0.94** y = -58x + 2493

x = tile drain age in years; y = salinity of effluent in ppm.

♦Significant at the 1 percent level.

To obtain an indication of the rate
of the reclamation, the mean seasonal
salt concentration of the drainage ef
fluent was correlated with the age of
the tile drain system. Graphs of those
linear regressions for which correla
tions were significant are shown in
figures 6 and 7. The calculated simple
correlation coefficients and the linear
regression equations for the periods
of record (table II) indicate that for
the interceptor drains, L3 and L4, the
correlation between salinity of the ef
fluent and age of the tile drain sys
tem was highly significant. The salin
ity of the effluent from each of the
relief drains IC, ID, and IE differed
significantly at the 1 percent level.
However, calculated values of the
simple correlation coefficients indi
cated that salinity and age of the re
lief drain system were not simply
correlated.

A salt balance analysis was per
formed to evaluate further the ade
quacy of the relief drains. The aver
age seasonal drainage yield for re
lief drain ID, for example, was 12.4
imp gpm per 1000 feet of drain and
the average salinity of the effluent
was 1420 ppm. On this basis the
depth of water removed by the relief
drains was 6.0 inches and the salt
removed was 0.97 ton per acre each
season. Seasonal consumptive use of
water by pasture grass in southern
Alberta, as reported by Sonmor (9),
is 23.6 inches and the mean value
of the total dissolved solids in the
irrigation water in the present study
was 435 ppm. If, for the purposes of
the analysis, water losses to deep
percolation, subsurface outflow, and
surface runoff are ignored and the
irrigation water applied is estimated
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to be equal to the consumptive use
plus the drainage yield and minus
the mean seasonal precipitation IVM
inches), the quantity of salts added
in the irrigation water is found to be
approximately 0.98 ton per acre each
season. Evidently the salt removed
by the relief drains each season was
approximately equal to that added in
the irrigation water, demonstrating
the inability of the relief dram sys
tem to decrease significantly the sal
inity of the effluent or fully to re
claim the area. This observation fur
ther substantiates the recommenda
tion for a reduced relief drain spac
ing.

This study indicates that the in
stallation of interceptor drains is an
effective reclamation measure under
normal practices. On the other hand,
relief drains produced no significant
decrease in the effluent salinity and
provided questionable reclamation for
the period studied. The relationships
and trends presented here could
change with changing land use.
Therefore, the data should not be
extrapolated too far into the future.

SUMMARY AND CONCLUSIONS

The performance of five tile drains
in the Vauxhall area was studied for
a 12-year period. The two interceptor
tile drains were highly effective in
removing excess groundwater and
salts. Average seasonal flows ranged
from 9.3 to 25.1 imp gpm per 1000
feet of tile drain, with peak flows
varying from 12.7 to 55.3 gpm per
1000 feet. The long-time seasonal
averages for these two drains were
19.9 and 14.2 gpm per 1000 feet. The
interceptor drains maintained the
water table at a safe level.

The drainage yield from the three
relief tile drains was highly variable,
presumably due to soil and manage
ment influences. Average seasonal
flows from the 'center' drain ranged
from 6.5 to 19.2 gpm per 1000 feet,
with a 10-year average of 12.4 gpm
per 1000 feet. Peak flows ranged
from 17.8 to 29.6 gpm. The average
seasonal flows from the two 'external'
drains ranged from 1.8 to 7.6 gpm
per 1000 feet of drain. The averages
for the period of record for these two
drains were 5.0 and 3.7 gpm per 1000
feet of drain. The reclamation effects
of the three relief drains are rather
doubtful since the salinity of the ef
fluent showed no significant decrease

with time. The relief drains were ef- 10.
fective in lowering the water table
during the irrigation season although
some decrease in this effect, due to
lack of outlet maintenance, was
noted For greater effectiveness and
more responsive drainage, a spacing n
of relief drains not more than 700 to
800 feet is recommended.
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