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INTRODUCTION

The introduction of irrigation water
into an area disturbs the natural hydrol
ogy and often results in adverse water
table conditions. This has the effect of
impairing crop production and thereby
reducing the benefits of irrigation. If the
natural drainage performance of an area
can be predicted and appropriate remed
ial measures recommended, drainage
problems resulting from irrigation can be
substantially minimized.

Water table conditions, as related to
drainage design criteria, have been de
fined by Hiler (3). Other investigators (2,
6, 9, 10) have used physical factors that
can be measured in the field to character

ize and classify the water table. Rapp and
van Schaik (7, 8) studied the water table
for several areas of southern Alberta on a

long-term and a short-term basis but no
attempt was made to classify the existing
water table conditions.

In semiarid regions, such as southern
Alberta, where irrigation is practiced,
there is a need for a system of rating
water table conditions in the field. These
ratings can then be used as guides in a
drainage feasibility study. Reliable field
data on the effect of adverse water table
or drainage conditions on crop growth in
the irrigated areas of southern Alberta are
not currently available. The purpose of
this study was to develop a system for
classifying existing water table conditions
in an irrigated area. This classification was
then used to evaluate the drainage feasi
bility for two irrigated areas in southern
Alberta using data already available.
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Figure 1. Location map of study area.
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SITE DESCRIPTION

The areas studied are located in

southern Alberta near the city of Leth-
bridge. The Alberta Department of the
Environment (ADE), Earth Sciences and
Licensing Division, has named the two
areas as the South Fincastle Drainage
Basin (SFDB) of the Taber Irrigation
District (TID), and the MacLaine Drain
age Basin (MDB) of the St. Mary River
Irrigation Development (SMRID) (Figure
1).

An extensive water table study has
been conducted by the ADE using 15-ft
(4.5-m) long, 3-inch (7.5-cm) diam obser
vation wells located on a 1-mile (1.6-km)
grid.

The TID is located about 30 miles (48
km) east of the city of Lethbridge and
has as boundaries the Oldman River on
the north and the SMRID Main Canal on
the south. The district is divided accord
ing to water distribution systems which
are called drainage basins. The SFDB
includes parts of Townships 9 and 10,

Ranges 15 and 16, west of the Fourth
Meridian. Horsefly Lake Reservoir is at
the south end, and Fincastle Lake at the
north end.

The SFDB was chosen for study
because it was considered to have a
potential drainage problem. The drainage
basin lacks any deep drains and as a result
has a history of a rising water table (4).
The water table data for this drainage
basin extend over an 11-yr period. Twelve
observation wells are located in the basin
(Figure 2).

The SMRID Western Division is situat
ed just east of the city of Lethbridge and
extends east to the hamlet of Chin. The
MDB is situated in parts of Townships 8
and 9, Ranges 19, 20, and 21, west of
the Fourth Meridian. All of the basin area
is south of Highway No. 3 and is bounded
in part by the SMRID Main Canal on the
south (Figure 1).

The general slope of the MDB is to the
north-east. The main drainage network
for the basin terminates in the Chin
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Figure 2. Location of observation wells and relative topography of the South Fincastle Drainage
Basin.
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Figure 3. Location of observation wells and relative topography of the MacLaine Drainage Basin.

Lakes. Some surface drainage is provided
along Highway No; 3 from Lethbridge to
Chin. The water table data for this
drainage basin extend over a period of 5-8
yr. There are 27 observation wells in the
basin (Figure 3).

to the water table was obtained for each
observation well. This information is sum

marized for both study areas (Tables I
and II). The wells that are not listed
either had a discontinuous period of
record or the readings were not reliable.

Once summarized, the water table data
are then classified and the observation
wells can be compared. The classification
of the water table uses four rating factors
(5): (i) the degree of fluctuation or the
difference between the maximum and
minimum water table readings for a well
(from the summarized data); (ii) the shal
lowest water table depth during the grow
ing season; (iii) the time period at which

this minimum water table occurs; (iv) a
modification factor, which compensates
for the number of readings taken during a
12-mo period.

The degree of fluctuation factor
(Table III) and the shallowest water table
depth factor (Table IV) were each given
four subclasses of equal increment.

For subdividing the time period at
which this minimum water table occurs,
the year was divided into three distinct
periods: (i) the winter months or months
when no crops are grown, November to
April; (ii) the month of May; (iii) the
months of July to September (Table V).

So far, only the range of water table
depths, the shallowest water table depth
and the time at which this shallowest

water table occurs have been used to

characterize the water table for one

observation well. These factors required
only the use of two of the six readings
taken each year. The other four readings
per well were not considered. A formula
was developed (5) that uses the number
of readings within a certain specified
range. This range is the same as for the
degree of annual fluctuation and for the
shallowest water table depth. The formu
la then is applied to calculate the
modification-factor rating (Table VI)
which will be used to calculate the final

water table classification. When the

number of acceptable readings is zero,
this means that of the six bimonthly
readings, none can be between 0 and 4 ft
(122 cm). For an acceptable number of
three, only three of the six readings can
be between 4 and 6 ft (183 cm). The
number of readings in each class greater
than the acceptable level will adjust the
modification factor accordingly.

The final rating of the water table for
an observation well is calculated by the
following method:

where

WTR =

DF =

SD =

TP

MF =

WTR =DFXSD X TP XMF

water table rating as a percentage
degree-of-fluctuation rating (%)
shallow-depth rating (%)
time rating (%)
modification-factor rating (%)

Determining the group or class in
which each observation well should be
placed is an important step in using a
water table classification. Dividing the
scale into classes was then the next step.
Five classes were used to group the water
table rating: very good, good, fair, poor
and very poor. The range of ratings for
each class was then set (Table VII).

METHODS AND PROCEDURES

Before the water table information can
be properly analyzed, the data must be
summarized in the manner that is most
descriptive. The statistical technique used
is described by Millette (5). For each
2-mo period (January, March, May, July,
September, November) an average depth
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TABLE I AVERAGE WATER TABLE DEPTHS BELOW GROUND SURFACE AND STAN
DARD DEVIATION, IN FEET, FOR THE WELLS IN THE SFDB

Well no. Jan.

1 Mean 9.04

S.D. 1.89

3 Mean 5.25

S.D. 1.04

4 Mean 5.35

S.D. 1.45

5 Mean 7.77

S.D. 2.03

7 Mean 5.15

S.D. 1.07

8 Mean 3.00

S.D. .71

11 Mean 8.95

S.D. 1.50

12 Mean 6.34

S.D. 1.41

Mar.

5.75

3.79

4.23

1.53

4.08

2.48

6.87

3.16

3.36

1.97

2.69

1.47

8.08

2.31

4.98

2.17

May

4.83

3.38

3.07

.76

2.82

1.95

5.26

2.77

3.11

1.44

1.46

1.49

6.19

2.47

3.55

1.56

July

6.61

2.37

3.84

..93

4.03

1.77

5.81

2.40

3.96

1.30

2.03

1.41

7.28

1.71

4.55

.83

Sept.

8.08

1.95

4.39

.79

3.96

2.35

6.13

2.21

4.72

1.70

2.29
1.53

8.73

1.52

5.23
1.08

Nov.

8.56

2.02

4.66

1.08

4.71

1.47

7.15

2.01

4.72

1.22

1.90

1.55

9.42

1.17

5.14

1.82

TABLE II AVERAGE WATER TABLE DEPTHS BELOW GROUND SURFACE AND STAN
DARD DEVIATION, IN FEET, FOR THE WELLS IN THE MDB

Well no. Jan.

1 Mean 5.89

S.D. .91

2 Mean 4.70

S.D. .90

6 Mean 4.73

S.D. 1.36

7 Mean 7.20

S.D. .79

8 Mean 6.58

S.D. 1.46

9 Mean 5.41

S.D. .75

11 Mean 5.18

S.D. 1.62

12 Mean 5.42

S.D. 1.71

13 Mean 4.30

S.D. .68

14 Mean 5.73

S.D. 1.67

16 Mean 5.06

S.D. 1.27

18 Mean 7.75

S.D. 2.08

19 Mean 4.59

S.D. .98

20 Mean 5.90

S.D. 1.51

21 Mean 9.71

S.D. .27

24 Mean 6.83

S.D. .61

Mar.

4.36

1.23

3.47

.53

3.09

1.24

6.77

.99

4.09

.74

3.79

.65

4.10

.76

3.74

1.90

2.12

.31

4.82

1.83

2.64

.70

6.33

1.62

3.38

.41

3.51

1.36

9.65

.43

6.05

V.0S

May

4.59

1.26

3.34

.78

3.57

1.08

5.54

1.29

4.20

1.19

3.04

.76

4.48

1.02

3.67

1.63

2.65

.60

5.07

.91

3.70

.78

6.52

1.26

3.98

.44

4.07

.80

9.08

.73

6.52

1.23

July

5.01

.63

3.49

1.11

4.96

.65

4.73

1.30

7.42

.65

2.66

1.36

4.39

1.40

4.40

2.08

2.21

.59

5.95

1.45

3.60

.35

5.48

1.06

3.49
.73

5.38

.85

8.35

.49

6.58

.99

Sept.

5.68

.55

4.13

.86

4.40

1.19

5.79

.58

7.31

1.52

2.76

.73

5.44

2.22

4.46

1.59

2.28

.52

5.84

2.57

4.10

.25

6.73

1.15

3.76

.66

6.27

1.21

8.88

.59

7.02

.85

Nov.

5.69

.82

4.67
.77

4.05

1.64

6.76

.97

6.43

1.50

4.09

.83

5.02

2.17

4.70

1.32

3.32

.83

6.06

1.78

5.10

.42

7.03

2.00

4.24

.19

6.06

1.63

9.15

.42

6.95

.70
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TABLE III WATER TABLE FLUCTUATION

SUBDIVISIONS AND RATINGS

Class

Degree of annual
fluctuation in feet

0.0 to 2.0

2.1 to 4.0

4.1 to 6.0

Greater than 6.1

Rating (%)

80 - 100

60-79

40-59

Less than 40

TABLE IV SHALLOWEST WATER TABLE

DEPTH SUBDIVISIONS AND

RATINGS

Shallowest depth during Rating
Class growing season in feet (%)

Greater than 6.0 80 - 100

4.1 - 6.0 60 - 79

2.1 - 4.0 40 - 59

Less than or Less than 40

equal to 2.0

TABLEV TIME INTERVALS AND

RATINGS

Class Time interval Rating (%)

1 November, January
March 80-- 100

2 May 75

3 July and September 40 --74

RESULTS AND DISCUSSION

Evaluating the Method

If adverse water table conditions are

assumed to be caused by a drainage
problem, then using a water table classifi
cation will have utility in planning and
designing drainage schemes. In an irri
gated area, water table conditions are of
extreme importance and therefore are
often monitored. This information was
utilized in adapting the water table classi
fication to .the basins of this study. The
type of water table classification that was
employed had to be based mainly on the
method by which the data was collected
since the data were already available.

The readings were taken every 2 mo
throughout the year. This accumulation
of data is insufficient, especially during
the summer months when a greater
number of readings is necessary; but,
since the period of record covers a
number of years, then averaging the
corresponding time periods of each year
can certainly provide an improved indica
tion of the water table position. A longer
period of record will reveal a more
realistic water table position.
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TABLE VI MODIFICATION FACTOR RATINGS

Water table

depth in feet
No. of readings

acceptable

0-2.0 0

2.1 -4.0 0

4.1 - 6.0 3

Greater than 6.0 No limit

Weight
per reading

Formula for

all ranges

15

10 100 -(lSNj +
5 10N2 +5N3)+
0

* Where Nl, N2 and N3 are the number of readings in each classgreater than the acceptable level.

TABLE VII WATER TABLE CLASSES AND CORRESPONDING RANGE OF RATING

Range of percentage

65 - 100

40- 64

25 -39

15 - 24

Less than 15

Class

Very good (VG)
Good (G)
Fair (F)
Poor(P)
Very poor (VP)

TABLE VIII WATER TABLE CLASSES FOR THE WELLS IN THE SFDB

Well Degree of Shallow Modification Water table Water table

no. fluctuation depth Time factor rating class

1 55 70 75 100 29 F

3 75 50 75 75 21 P

4 75 48 75 70 19 P

5 75 75 75 100 42 G

7 80 50 75 70 21 P

8 85 35 75 25 6 VP

11 65 80 75 100 39 F

12 70 55 75 85 25 F

TABLE IX WATER TABLE CLASSES FOR THE WELLS IN THE MDB

Well Degree of Shallow Modification Water table Water table

no. fluctuation depth Time factor rating class

1 85 65 85 85 40 G
2 85 54 75 70 24 P

6 80 55 85 70 26 F

7 75 68 50 100 26 F

8 68 60 85 100 35 F
9 75 45 50 60 10 VP

11 85 63 85 85 38 F
12 83 55 75 75 26 1

13 78 40 85 50 14 VP
14 90 70 85 90 49 G
16 75 55 85 70 25 1

18 75 75 50 100 28 F
19 90 55 85 60 25 1

20 73 60 85 90 33 F

21 85 95 50 100 40 G

24 90 85 85 100 65 VG

both basins, the wells were on a 1-mile
(1.6-km) grid; therefore, the wells repre
sent a sufficiently accurate groundwater
position.

The soil types, the crops, the irrigation
systems used and the climate were not
considered in the water table classifica

tion. The study was too general to
include these other factors. If a more

detailed investigation were to be conduct
ed, then they could become useful. Any
relationship that could exist between
these factors and the water table classifi
cation cannot be shown here.

South Fincastle Drainage Basin

The water table classification for the

SFDB was calculated (Table VIII) and
mapped (Figure 4). Each well is assumed
to represent 1 mile2 (2.56 km2) which is
outlined on the map by a dashed line.
Adjacent areas having the same class were
grouped together to produce a single
larger area. Water table classification for
the wells that were omitted when sum

marizing the data could not be included
on this map.

The worst area is represented by Well
No. 8. Most of the bimonthly averages
for this well are close to 2 ft (61 cm)
below the ground surface. This area defi
nitely has a water table problem. Adja
cent to this area, Well Nos. 3, 4, and 7
were classed as poor. In this area, the
bimonthly average water table depths
have remained at less than 4 ft (122 cm)
for part of the year. A drainage problem
could result in the future. This central

part of the basin should be investigated in
greater detail to determine the causes of
this high water table condition. The
surrounding wells (Nos. 1, 11 and 12)
were rated fair and do not present an
immediate problem.

From this water table classification of

the SFDB, a water table problem is
evident. The areas of lower elevation have

built up a water table which has become
quite serious. Of the wells tested, over
half of them had a water table classifica
tion of either poor or very poor.

MacLaine Drainage Basin

The water table classification for the
MDB was calculated (Table IX) and map
ped (Figure 5). Most of the wells were
rated fair to good. Well No. 2 was rated
poor and Well Nos. 9 and 13 were rated
very poor. These last three wells are on
the east side of the basin where the
elevation is lower than on the west side.

Some excess water of the upper area
(west side) probably flows towards the
northeast portion of the basin. The
accumulation of water can cause a water
table rise as indicated by Well Nos. 9 and
13.

Most of the wells in the drainage basin
are rated as fair to -very good. For this
particular basin, the water table generally
seems to remain at an acceptable level

The areas represented by each well
were assumed to be equal. This assump
tion was based mainly on well location
and distribution throughout the drainage
basins. Davis and Matlock (1) report that
for a general type of study, as conducted
here, a well spacing of 4 miles (6.4 km)
provides sufficiently accurate data. In
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South Fincastle Drainage Basin

Horsefly Lake
Reservoir

Figure 4. Water table classification map of the South Fincastle Drainage Basin.

Maclaine Drainage Basin

_ Water table class boundary

• Observation well

Figure 5. Water table classification map of the MacLaineDrainge Basin.

throughout the year. Since the period of
record was not quite as long as for the
SFDB, one should be careful in drawing
definite conclusions on the area. A longer
period of record will, however, confirm
any potential problem that may occur.

SUMMARY AND CONCLUSIONS

An empirical technique was developed
for classification of the water table in an
irrigated area. The classification involves
four rating factors; (i) the degree of
annual fluctuation; (ii) the shallowest
water table depth occurring during the
growing season, (iii) the time at which
this minimum water table occurs, and

(iv) a special modification factor that
considers the number of readings that
occur within certain defined ranges. The
data that were available were modified
and summarized, and then the water table
classification was adapted to it.

The water table classification for the
SFDB reveals that the central section is
accumulating water from the adjacent
area. This problem was readily detected
and future problems can also be prevent
ed. The MDB water table classification
presented a better picture. Over half the
wells indicated that there was no water
table problem but some wells, such as
Nos. 9 and 13, indicated an immediate
problem.
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Even though such factors as soils,
crops, irrigation systems and climate were
not considered, such a classification is
useful in detecting water table problems.
The final water table class readings should
be adjusted and modified to suit local
conditions. Future investigations can be
recommended on the basis of such a
classification. If long periods of record
are available, comparisons probably could
be made on the results of 5-yr periods.
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