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Chemical and physical properties of a fluvial soil near Vauxhall, Alberta, were studied to determine the causes of
poor subsurface drainage and toprovide recommendations for reclamation ofthe soil. The results indicated that salinity
and alkalinity should not restrict the hydraulic conductivity of the soil. Poor subsurface drainage was attributed to a
high percentage (63.8-73.8) of very fine sand (<0.125 mm) plus siltwhich restricted water flow through the soil and
plugged thedrain filters. Thisstudy ledto theconstruction of new drains with gravel or styrofoam beadcover extending
to the soil surface. The new drains have improved the drainage of the land.

INTRODUCTION

A preliminary investigation in 1976 by
Alberta Agriculture, Drainage Branch,
showed that about 25 ha of land near

Vauxhall, Alberta were waterlogged and
salinized because of seepage from an ad
jacent irrigation canal. Recommendations
for reclamation of this affected land were

to relocate and straighten the canal and to
place interceptor drains on both sides of
the relocated canal. In 1977, the canal was
relocated and corrugated, perforated plas
tic drains (100-mm diam.) with a fabric
filter were installed with a trenchless plow
on each side of the canal, at a depth of
75-100 cm. The drains failed to alleviate

the problem of waterlogging.
In 1978 a task force was formed of spe

cialists from industry and Provincial and
Federal agencies to determine why the
drains failed and to make recommenda

tions for reclamation of this soil. The very
slow drainage of water into a test pit at one
of the drains indicated that water move

ment in the soil was very slow. Exami
nation of the filter on the drain revealed

that it was coated with very fine sand and
silt.

Low hydraulic conductivity (K) of the
soil can be caused by: (1) high exchange
able sodium percentage (Horn 1971;
Mclntyre and Loveday 1979; Park and
O'Connor 1980; Richards 1954); (2)
undesirable particle size distribution
(Bloeman 1980; Horn 1971; Laroussi et
al. 1981; Pall and Moshenin 1980); (3)
plugging of transmitting pores (Feyen and
Belmans 1973; Keren et al. 1980); and (4)
adverse soil mineral composition
(Mclntyre and Loveday 1979; Park and
O'Connor 1980; Saker and Jordan 1980).

The literature indicated that one or sev

eral soil conditions could have caused the

low K in this Vauxhall soil. A study was

carried out, determining physical and
chemical properties of the soil, to identify
the cause of its low K.

METHODS

The affected area near Vauxhall,
Alberta consisted of about 25 ha of wa

terlogged saline land along an irrigation
canal (Fig. 1). Soil characteristics and sur-
ficial geology were determined from top
ographic features and from soil features at
sites on a 60-m grid throughout the area.
At each site the soil was examined to the

depth of bedrock, using either an auger-
type drill or a coring machine. Features
such as texture, source of soil material and
internal drainage characteristics were de
termined. Also, disturbed soil samples
and semidisturbed cores were collected at

15-, 22.5- or 30-cm depth intervals to bed
rock (varying in depth from 1.2 to 7.5 m)
at 17 locations throughout the affected
area for routine laboratory determinations,
which were: electrical conductivity (EC)
of the saturation extract, by electrical re
sistance (Richards 1954); soluble Ca +
Mg and Na content of the saturation ex
tract, by autoanalyzer (Chang and van
Schaik 1965); sodium adsorption ratio
(SAR) of the saturation extract, an esti
mate of the degree of exchangeable so
dium on the exchange complex of the soil,
which was derived from Ca + Mg and Na
results; texture, by either the hydrometer
or pipette method (Day 1965); and hy
draulic conductivities (K) of the disturbed
soil samples and semi-disturbed cores, by
constant head permeameter method (Klute
1965).

Test pits were dug at four locations
(Test Pits C to F, Fig. 1) to examine the
soil profile and to collect soil samples and
semidisturbed cores (7.5-cm diam. and
7.5 or 15.0 cm deep) for K determination.

At a site midway along one of the drains
a test pit was dug (Test Pit A, Fig. 1) to
examine the soil at that location and to

collect disturbed soil samples and semi-
disturbed cores (5.4-cm diam. by 3.0 cm
deep) at 15-cm depth intervals to 1.2-m
depth for routine and specific laboratory
determinations. The specific determina
tions were: carbonate content, by gravi-
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Figure 1. Saline waterlogged area under in
vestigation (inset) and location of
drain along canal where detailed
study was performed.
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metry (Allison and Moodie 1965); frac
tionationof the soil into sand, silt and clay
sizes (USDA - Soil Sci. Soc. Am. clas
sification) by settling technique (Day
1965); further separation of the sand by
sieving into sizes of 0.053-0.074 mm,
0.074-0.125 mm, 0.125-0.250 mm,
0.250-0.420 mm and >0.420 mm; K of
the separates (sand, silt and clay) and the
different sand fractions, with and without
the carbonates removed, by constant head
permeameter (Klute 1965); K and soil
moisture retention characteristics at 30

kPa suction (near field capacity) of the
semidisturbed cores, by a pressure cell
method modified from that of Reginato
and van Bavel (1962); and bulk densities,
derived from the known volume and oven

dry weight of the soil cores.

RESULTS

The affected area has a flat to slightly
depressional topography. The till-bedrock
surface topography had a depression, 1-2
m deep, under the area which formed a
natural basin to accumulate water and fos

tered a surface and groundwater buildup.
The seeping canal in the affected area was
a major contribution to the waterlogged
conditions.

The soil along the canal was primarily
fluvial deposition over till at 0.6- to 2.5-
m depth or fluvial deposition over bedrock
at 1.5-m depth and deeper. The soil tex
ture was mostly sandy loam to sandy clay
loam.

The study area was bounded to the west
with higher land, where the soil was
coarse- to medium-textured alluvium over

bedrock (within 2-m depth from the sur
face), or coarse- to medium-textured al
luvium over medium- to fine-textured till

(within 1-m depth from the surface). To
the east, the land was relatively flat near
the affected area and then dipped down
ward to the east. The soil, coarse- to me
dium-textured alluvium, was underlain by
bedrock (within 1.2-m depth from the sur
face in places) or till (within 1 m).

Generally, the soils of the area were
moderately saline and the SAR was less
than 15, as shown in the results from a
representative profile (Table I) near site
F in Fig. 1. The hydraulic conductivities
at this site were moderately low, which is
not uncommon for saline waterlogged
soils in southern Alberta (Hendry and
Paterson 1982).

The K for disturbed samples and sem
idisturbed cores from randomly selected
sites was generally low but varied from
very low (0.1 mm/h) to moderate (9.4
mm/h), and varied among and within tex
ture classes (Table II). With the fine sandy
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TABLE I. SOIL CHARACTERISTICS OF A REPRESENTATIVE SOIL WITHIN THE STUDY
AREA

Soluble ions

EC

(meq/L) K (mm/h)

Depth Ca + Mg Na Dist. Semi-dist.
(cm) pH (dS/m) SAR Texture samples cores

0-20 7.4 8.8 55.0 57.3 10.9 FSL 8.6 4.0
20-40 7.4 8.4 49.5 57.8 11.6 FSL 4.7 3.5
40-60 7.4 8.8 50.0 60.8 12.2 FSL 1.8 9.4
60-80 7.4 8.2 55.0 52.0 9.9 FSCL 2.3 1.4
80-100 7.6 7.4 55.0 46.9 8.9 FSCL 2.3 0.03

100-120 8.0 5.8 52.0 30.1 5.9 FSC
- -

TABLE II. SOIL HYDRAULIC

CONDUCTIVITY (K) OF DISTURBED
SAMPLES AND SEMIDISTURBED CORES

(PAIRED SAMPLES) RANDOMLY
SELECTED WITHIN THE AFFECTED AREA

K(mxnJh)

Disturbed Semidist.

Texture samples cores

FSL 8.6 4.0

FSL 1.7 3.5

FSL 1.8 9.4

FSCL 1.5 0.1

FSCL 0.7 0.2

FSCL 1.0 0.3

FSCL 0.4 0.1

SCL 1.1 0.2

SCL 0.9 0.2

clay loam (FSCL) and sandy clay loam
(SCL) the K of the cores was less than that
of the disturbed samples. But, with fine
sandy loam (FSL), two of the three cores
had greater K than the disturbed samples.
In the field, slow water inflow into freshly
dug pits on the waterlogged soil also con
firmed the laboratory results that K for this
soil was low.

At Test Pit A, K of the semidisturbed
cores was very low at all depths, espe
cially at the 30- to 45-cm (0.05 cm/h), 90-
to 105-cm (0.08 cm/h), and 105- to 120-
cm (0.08 cm/h) depths (Table III). The
bulk densities exceeded 1.50 g/cm3 except
at 90- to 105-cm depth, and the pore vol
umes ranged from 36.7 to 44.3%. The
smaller pore volumes were associated
with the greater bulk densities. At 30 kPa
suction, 64 to 89% of the pore diameter
throughout was filled with water, indicat
ing that the mean pore diameter through
out was small and water flow in this soil

could be expected to be slow. This mois
ture retention and K were negatively cor
related with soil bulk density (r = - 0.75
and —0.72) when using data to only 90-
cm depth. Using data to the same depth,
there were trends (approaching 10%) in
correlations between percent sand (0.074
plus 0.125 mm size) and K, and bulk
density.

The surface soil at Test Pit A had higher

EC, SAR and finer texture (Table IV) than
that of the representative soil for the area
(Table I). Also at this site, the sand par
ticles within 20-30 mm around the drain

were of <0.420-mm diameter; 22% were
<0.125 mm. On the filter itself, 50% of
the material lodged there was sand <0.125
mm, indicating that fine particles sepa
rated from the bulk soil, migrated to the
filter and plugged it. When the drain tub
ing was exposed, cleaned and resub-
merged with water in the pit, the filter on
the drain became sealed immediately with
suspended sediment. The K of disturbed
samples from the surface 75 cm of soil did
not indicate restrictive drainage (Table
IV), but K from the cores (Table III)
would indicate restricted drainage
throughout, except possibly at the 15-cm
depth. However, below the 75-cm depth
the K showed limited drainage (Table IV).
This low K was coincident with the high
carbonate content which was distinctly
visible. The carbonates were found in the

very fine sand (<0.10-mm size), silt and
clay fractions. Also, most of the sand par
ticles in the profile were <0.420 mm
(Table V); 79-96% were <0.250 mm,
and 29-85% were <0.125 mm in size.

(Differences in sand and clay contents be
tween Table IV and Table V are attributed

to method of determination. The results of

Table IV are from the pipette method
while those from Table V are gravimetric.
In Table IV, the textural classes tend to be
one texture level finer than in Table V. In

Table IV, apparently, fine sand and coarse
clay were included in the silt fraction.)

For the 0.053- to 0.125-mm size parti
cles the K (disturbed sample) was 52 mm/
h, for the 0.125- to 0.250-mm size parti
cles it was 318 mm/h, and for the 0.250-
to 0.420-mm size particles the K was 486
mm/h, while K of the particles in the silt
and clay sizes was 6 and 0.1 mm/h, re
spectively. With the carbonates removed,
the K of the silt decreased to 3 mm/h and
that of the clay increased to 76 mm/h.

The hydraulic conductivity of the dis
turbed silt and sand fractions <0.250 mm
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TABLE III. PHYSICAL CHARACTERISTICS OF SOIL CORES FROM SITE A

Depth
(cm)

Bulk

density

Vol. H20
Pore retained at

volume 30 kPa suction

(mL/100 mL) (mL/lOOmL)

Mean particle
diameter (mm)

Actual Apparent!
K

(mm/h)

0-15

15-30

30-45

45-60

60-75

75-90

90-105

105-120

1.56 40.9

1.55 41.3

1.60 39.4

1.67 36.7

1.64 37.9

1.64 37.9

1.47 44.3

1.52 42.4

29.6

33.3

30.0

23.4

27.8

30.9

37.4

37.8

0.11

0.13

0.14

0.15

0.12

0.09

0.04

0.03

0.027

0.022

0.017

0.018

0.020

0.018

0.018

0.018

4.42

2.16

0.05

0.23

1.14

0.33

0.08

0.08

tDerived from hydraulic conductivity values of thesemidisturbed cores and the function: K = 29.06 cP -
8.7 x 10"5.

TABLE IV. SOIL PROFILE CHARACTERISTICS OF DISTURBED SAMPLES FROM SITE A

Depth EC K

(cm) PH (dS/m) SAR CaC03 Sand Clay Texture (mm/h)

8.1 14.4 22.4

% by weight

L0-15 1.6 45 22 9

15-30 8.2 6.3 10.5 1.0 59 19 SL 32

30-45 8.3 2.6 11.2 1.2 63 21 SCL 11

45-60 8.4 1.8 11.5 1.0 68 19 SL 9

60-75 8.3 1.7 12.0 1.0 63 18 SL 12

75-90 8.3 3.1 9.2 19.4 35 35 CL 1

90-105 8.4 4.4 9.5 19.0 21 34 CL-SiCL 1

105-120 8.2 3.7 9.2 13.1 31 30 CL 1

TABLE V. PARTICLE SIZE DISTRIBUTION (% BY WEIGHT) IN CORES FROM THE
PROFILE, SITE A

Depth
(cm)

Sand (size in mm)

Clay Silt Sand <0.053 0.053 0.074 0.125 0.250 0.420 Texture

0-15 18.4 21.1 60.5 2.6 9.5 15.6 23.8 7.1 1.9 SL

15-30 15.4 20.8 63.8 3.3 7.5 13.1 27.7 9.7 2.7 SL

30-45 16.4 10.8 72.8 2.1 6.4 13.9 35.5 12.0 2.9 SL

45-60 13.4 11.2 75.4 1.0 5.0 16.3 39.9 10.4 2.8 SL

60-75 15.4 18.8 65.8 2.7 8.8 14.0 29.7 7.9 2.7 SL

75-90 20.4 23.5 56.1 1.3 10.6 13.1 23.6 6.2 1.3 SL-SCL

90-105 33.4 46.5 20.1 3.2 7.1 2.7 4.3 1.8 1.0 CL-SiCL

105-120 33.4 48.5 18.1 4.5 8.9 1.9 2.1 0.6 trt SiCL

tTrace.

was a function of the mean particle di
ameter (d in mm) as follows:

K = 29.06 ^ - 8.7 x 10"5 r2 = 0.9996

Based on this equation and the observed
K of the semidisturbed cores from the var

ious depths, the effective mean particle
diameter in the cores (Laroussi et al. 1981)
varied between 0.017 and 0.027 mm

(Table III) for the different depths. The
actual mean soil particle diameter in the
cores varied between 0.03 and 0.15 mm,
which is 1.5 to 5 times greater than that
calculated.

DISCUSSION

Initial field observations and laboratory
results when the drains were installed sug
gested that this soil would drain reasona
bly well. However, these more detailed
studies suggest that the very fine sand and

silt particles effectively reduced drainage
of the soil. Because of their size, greater
packing of the soil particles was attained
to cause greater bulk density. But more
important than increased bulk density is
the plugging and reduction in size of the
water-transmitting pores to reduce K.

Also, these particles appear to be unsta
ble in the soil structure. The greater
amount of very fine sand and silt-size par
ticles on the filter than in the soil 2(K30

mm away indicates that this size of parti
cle migrated under a hydraulic gradient to
the drain, when the saturated soil was dis
turbed during drain installation.

The permeability studies on the differ
ent size fractions showed that the sand size

particles of >0.125-mm diameter had a
relatively high K. Although as much as
50% (by weight) of all the particles in this
soil was of >0.125-mm size, the K of the
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soil was low. The low K observed in this
studyis attributedto the veryfinesandand
silt-size particles which caused plugging
of pores and limited continuity among
pores.

The effects of alkalinity (SAR) and sal
inity (EC) on causing the low K are con
sidered insignificant. First, the SAR val
ues are generally less than the critical 15
(Richards 1954). Thus, the effect of the
dispersion tendency caused by sodium on
a reduction of K should have been insig
nificant or small. Second, the EC is in the
range of that found in normal and saline
soil, and the soluble salt had a high Ca
+ Mg content. Both of these conditions
encourage flocculation, which should in
crease the K. In the bottom two depths,
the clay content undoubtedly limited K.
However, at the other depths soil bulk
density and particle size are considered the
factors most affecting K of this soil.

The effect of carbonate (mostly
CaC03), other than its particle size effect,
on the K of the soil at depths greater than
75 cm is inconclusive. Removing the car
bonates from the silt and clay-size parti
cles decreased and increased K, respec
tively.

The results from this study indicate that
failure of the drains to function was caused

by large amounts of very fine sand and
silt-size particles in the soil resulting in the
low K. Also, some fine sand and silt-size
particles migrated to the drain and plugged
the filter on the drain. Therefore, in pre
dicting the effectiveness of subsurface
drainage, the distribution of different sand
sizes and silt content should be regularly
determined, especially if the K is low.
Should there be a tendency for the sand to
be of the smaller size (<0.125 mm) as
well as a silt content in excess of 10-15%,
chances of a successful drainage program
in this soil would be small.

Guided by the results of this study, we
installed new drains alongside the drains
installed in 1977, but with clean pit run
gravel or styrofoam beads (1-cm diam) as
cover material that extended from the

drain to ground surface. This allowed for
surface as well as greater subsurface
drainage, especially for water moving lat
erally. This installation was successful
where gravel was used; the sign of success
is the ability of the land operator to till in
areas that were previously too wet. Where
styrofoam was used, drainage has im
proved but not as well as where the gravel
was used.
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