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44:1.21-1.27. A study was conducted to estimate seepage losses from
unlined irrigation canals in the 13 irrigation districts in southern
Alberta. The ponding method for measuring the rate of seepage from
canals was used to determine seepage losses at 29 sites in the irrigation
districts. This method used poly-lined earth plugs at both ends of
150 m long straight canal segments. These reaches were filled with
water to their operational depth, and the drop of water from full supply
level to 80% of the design depth was recorded. Water levels were
adjusted for rainfall and evaporation with nearby weather-station data
and with pan evaporation data measured on-site. Seepage rates from
each reach were grouped into one of three soil textural classes: coarse,
medium, or fine. Attempts were made to get a broad range of soils;
however, most soils were in the medium textural class, by far the
dominant soil texture group in southern Alberta. Using the measured
seepage rates, seepage curves based on canal capacity were developed
to estimate the seepage rate per canal segment. Total seepage within
each irrigation district was then determined using the seepage curves.
The annual seepage within the irrigation districts in 1999 was about
91 x 106 m3 of water, or 2.5% of the proposed licence in the 1991
regulation. Canal rehabilitation has played a significant role in
reducing seepage in conveyance works, making seepage losses a
negligible factor in canal operations.

Une étude fut faite afin d’estimer les pertes par infiltration de
canaux d’irrigation sans recouvrement de 13 districts d’irrigation du
sud de l’Alberta. La méthode du tronçon de canal isolé qui permet de
mesurer les taux d’infiltration des canaux fut utilisée pour mesurer les
pertes par infiltration à 29 sites des districts d’irrigation. Des bouchons
de terre recouverts de polyéthylène fermaient les extrémités de sections
rectilignes de canaux de 150 m de longueur. Ces sections furent
remplies d’eau jusqu’à leur niveau d’exploitation normale. On
enregistra la baisse de niveau d’eau,  entre le niveau maximal normal
et 80 percent de la profondeur nominale. Les résultats furent ajustés
afin de tenir compte des précipitations et de l’évaporation mesurés à la
station météorologique la plus proche. Les taux d’infiltration de
chacune des sections furent regroupés selon 3 classes texturales de sol :
grossier, moyen ou fin. Des efforts furent faits pour travailler sur un
plus vaste éventail de sols, cependant, presque tous les sols se
classaient comme moyens, la classe texturale dominante du sud de
l’Alberta. A partir des taux d’infiltration mesurés,  des courbes
d’infiltration furent élaborées en fonction du débit du canal, pour
estimer les taux d’infiltration par section de canal. L’infiltration totale
fut alors déterminée pour chacun des districts d’irrigation avec les
courbes d’infiltration. En 1999, l’infiltration annuelle dans l’ensemble
des districts d’irrigation était d’environ  91 x 106 m3 d’eau, ou 2.5% du
permis proposé dans la réglementation de 1991. Les pertes par
infiltration sont devenues un facteur négligeable dans l’opération des
canaux grâce à la réhabilitation qui a permis de réduire de manière
significative l’infiltration dans les ouvrages de transport d’eau. 

INTRODUCTION

Background
The Government of Alberta established irrigation water
allocations for the irrigation districts in 1991 through an Order-
in-Council called the South Saskatchewan River Basin Water
Allocation Regulation (Alberta Environment 1991). These water
allocations were to be reviewed by Alberta Environment in
2000. One component in the 1991 regulation was canal losses
(evaporation and seepage), which were estimated as 15% of the
proposed total licensed allocation (Alberta Environment 1991).
The irrigation industry, in partnership with the federal and
provincial governments, started a study in 1996 to obtain more
accurate information on various components of water
management in the irrigation districts within the South
Saskatchewan River Basin of southern Alberta. Determination
of seepage losses was one of the key components investigated.

Seepage in irrigated agriculture has been defined as the
movement of water in or out of earthen irrigation canals through
pores in the bed and bank material. There are many factors that
affect seepage from canals (Worstell 1976): texture of the soil
in the canal bed and banks, water temperature changes, siltation
conditions, bank storage changes, soil chemicals, water velocity,
microbiological activity, irrigation of adjacent fields, and
watertable fluctuations. Proper design and construction of
conveyance systems are necessary to minimize seepage, due to
the limited available water supply and ever increasing demand
for water. Seepage is not only a waste of water, but also may
lead to other problems such as waterlogging and salinization of
agricultural land. 

Seepage measurements
Seepage from canals occurs due to a combined effect of
gravitational force and water tension gradients (Hansen et al.
1980). When the water is first turned into a dry canal, the force
of water tension is usually greater than that of gravity, but as the
soil approaches saturation, these forces reverse in importance.
This high initial loss rate soon decreases and is governed mainly
by the percolation of water through the voids in the soil forming
the canal bed and banks, and seepage rates eventually stabilize.

The key factor affecting seepage is the depth of water in the
canal. If the groundwater level is above the design water surface
of the canal, water will seep into the canal. On the other hand,
if the groundwater level is below the water surface of the canal,
water in the canal will continue to seep out of the canal until the
groundwater level reaches equilibrium with the canal.



LE GÉNIE DES BIOSYSTÈMES AU CANADA                                                                   IQBAL et al.1.22

Fig. 1. Seepage test sites.

Methods for measuring the rate of seepage from canals
include: two inflow-outflow methods (seasonal estimates based
on diversion and delivery volumes for the district or actual
measurements on specified reaches), the ponding method, and
the seepage meter method (Worstell 1976). The ponding method
is considered the most accurate (Brockway and Worstell 1968;
Linsley and Franzini 1979; Hansen et al. 1980). This method
involves construction of poly-lined earth plugs at both ends of
the canal test reach. The reach is filled with water to its
operational depth, and the drop in water level is recorded for
several days. The seepage rate is adjusted for rainfall and
evaporation. This method provides accurate, in-situ
measurements of seepage in existing canals. The drawbacks to
the method are many, as seepage determinations are
measurement-based and do not attempt to analyze many of the
factors mentioned earlier. The largest drawback seems to be that
measurements reflect test reaches containing stagnant rather
than flowing water (FAO 1977). Canals in coarse-textured soils
have a tendency to have higher seepage rates than canals in fine-
textured soils. If no water source is nearby to refill the canal,
the water level recording period is very short. Wind can
adversely affect water elevation readings due to waves.
Evaporation and rainfall data should also be measured so
changes in water levels in the test reach can be corrected for
these variables (Imperial Irrigation District 1992).

Objectives
The objectives of this seepage study were: (1) to determine unit
seepage rates for fine-, medium-, and coarse-textured soils
based on results from ponding tests on various sizes of unlined
irrigation canals under a variety of soil conditions; (2) to

determine the total length and size of
canals in each of the three soil textural
categories within each irrigation district;
and (3) to estimate the total volume of
seepage in the 13 irrigation districts.

MATERIALS and METHODS

Site selection
Canal test reaches for measuring seepage
losses were located in areas of different
soil textures within 11 irrigation districts
(Fig. 1). All canals selected were originally
built in the 1950s. The capacity of these
canals ranged from 0.42 to 8.49 m³/s. A
total of 29 tests were conducted from 1996
to 1999.

Ponding tests 
Each 150-m long canal test section was
constructed in an existing canal using poly-
lined, water tight earth plugs at both ends
of the test reach. Three to five canal cross-
sections were surveyed with a hand level at
a minimum of six points along the cross-
section, and an average cross-section was
determined. A datalogger, an air
temperature probe, and a rain gauge were
installed within a 0.45-m diameter
polyvinyl chloride (PVC) stilling well in
the middle of the test reach to record water

levels, air temperature, and precipitation, respectively. Water
levels were measured with a 5-volt potentiometer connected to
a float, notched-pulley, and beaded-cable system in the well.
Voltages measured by the potentiometer were calibrated to
detect 1 mm changes in water level. A Class A evaporation pan
was also installed at each site. Evaporation data were adjusted
using evaporation data from Agriculture and Agri-Food Canada.
 The test reach was filled with water to the full supply level
at the commencement of each test. Tests were conducted during
the last two weeks of October after water in the conveyance
system had been shut off, or during the first two weeks of May
before water was released into the delivery system. Seepage
rates from canals are normally measured with water levels held
constant at their design depths. However, a constant water level
was impossible to maintain for this study, because water was not
available from the irrigation districts in the early spring or late
fall. Water levels were measured every half hour under falling
head conditions for 3 to 18 days, depending on the site. Because
the depth of water in the canal is such an important factor,
seepage rates for all test reaches were computed when the depth
of water in the canal was dropping from full supply level to 80%
of the design depth. Approximately 45% of the flow capacity
occurs in the top 20% of canal depth in a trapezoidal canal
under normal flow conditions (Personal Communication:
J. Ganesh, Irrigation Engineer, Irrigation Branch, Lethbridge,
Alberta). Most irrigation canals are maintained relatively full
during the irrigation period. Mean daily seepage rates were then
calculated for each reach based on the number of days of the
test. The seepage rate from each test reach was calculated for
each 24-h period using Eq. 1 (Rasmussen and Lauritzen 1953).
See Fig. 2.
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Fig. 2. Canal cross-section showing seepage-related lengths.

  

Table 1. Typical canal characteristics used for seepage calculations.
  

Canal
capacity, Q

(m3/s)

Bed width,
b

(m)

Water
depth, d2

(m)

Wetted
perimeter*,

Pw (m)

Side slope,
z

Bed
width/depth

Water
contact area

(m2/km)

0.30
0.58
1.44
3.02
5.60

13.90
28.16
43.05
55.59

0.8
1.0
1.5
2.5
4.0
6.0

10.0
13.0
15.0

0.35
0.50
0.75
1.05
1.45
2.40
2.85
3.20
3.45

2.37
3.24
4.85
7.20

10.48
16.73
22.75
27.31
30.43

2
2
2
2
2
2
2
2
2

2.3
2.0
2.0
2.4
2.8
2.5
3.5
4.1
4.3

2365
3236
4854
7196

10,485
16,733
22,746
27,311
30,429

* Pw = b + 2d2(1+z2)1/2

(1)S WLd
P Lw

=

where:
S = seepage rate (m3 m-2 d-1),
W = b + 2 zd2 = water surface width for depth d2 (m),
b = bed width (m),
z = side slope (horizontal:vertical) (m/m),
L = length of test reach (m),
d1

= initial water depth (m),
d2

= depth of water at end of 24 h (m),
d = d1 – d2 = drop in water surface in 24 h (m), and
Pw = b + 2 d2 (1 + z2)½ = wetted perimeter (m).

The surface area of the test reach (WL) was calculated daily
using the average canal cross-section.

Soil characterization and grouping
Five to six holes, approximately 6-m deep, were bored with an
auger using a mobile drill on top of the ditch bank adjacent to
each canal test reach. The holes were bored about 30 m apart on
one side of the test reach. Soil texture determined by hand
texturing was categorized according to the Canadian System of
Soil Classification (Agriculture Canada Expert Committee on
Soil Survey 1987). Each site was put into one of three soil
textural categories: coarse, medium, or fine. Coarse texture
included sandy loam (SL), fine sandy loam (fSL), sand (S), and
loamy sand (LS). Medium texture included loam (L), silt loam
(SiL), very fine sandy loam (vfSL), sandy clay loam (SCL), clay

loam (CL), and silty clay loam
(SiCL). Fine texture included clay
(C), silty clay (SiC), sandy clay
(SC), and heavy clay (HC). The
Agricultural Region of Alberta
Soil  Inventory Database
(AGRASID) (CAESA 1998),
supplemented with unpublished
data, was used to group the soil
texture of the parent material
(PM) for soils in each soil map
unit within the irrigation districts
of southern Alberta. Parent
material texture, as defined by

AGRASID, was grouped into one of the three textural
categories: fine, medium, and coarse. Layered materials, where
the textural change occurred between 0.3 m and 1.0 m, were
placed into one of the three categories based on the texture of
the underlying material. For example, gravel or gravelly coarse
material over medium- or fine-textured till was placed into the
medium-textured category. When bedrock was the underlying
material, the texture of the upper material was used to place the
PM into one of the three textural categories.

Each polygon or soil map unit is made up of one or more
soil series. Each soil series occupies a percentage of the area
within the polygon. Soils that were undifferentiated were
assumed to be medium-textured, except those within polygons
where fine- or coarse-textured soils were dominant. The
undifferentiated soils within a dominantly fine-textured polygon
were given a fine rating, and undifferentiated soils within
dominantly coarse-textured polygons were given a coarse rating.
A coarse, medium, or fine texture rating was assigned to each
soil series. The total percentage of coarse-, medium-, and fine-
textured soils in each AGRASID polygon was subsequently
used to estimate the seepage rate for each length of unlined
canal within each AGRASID polygon. 

Irrigation district seepage estimates
Seepage rate as a function of canal capacity curves were
generated from the seepage rates and from typical canal cross-
section measurements (Table 1). Canals were grouped by canal
capacity, standard bed width/depth of flow (b/d2) ratios, side-

slopes, and operating depths
found in Alberta (Alberta
Agriculture 1987). Canal
capacities were arbitrarily
selected to reflect canal
systems in southern Alberta,
wh e re in  mo s t  c a n a l
capacities are less than 14
m3/s. The water contact area
(m2/km) was multiplied by
the low, medium, and high
seepage rates to develop
three curves. The resulting
curves produced seepage
rates in m³ s-1 km-1 of canal.

Spatial queries were
p e r f o r m e d  u s i n g  a
Geographic Information
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Fig. 3. Soil texture polygons overlain on irrigation canals in the Rolling
Hills block, Eastern Irrigation District.

System (GIS) by intersecting canal line work with soil texture
polygons from AGRASID (Fig. 3). Canals in the database were
segmented at any lateral turnout, as well as at stations where
there was a change in flow, type of construction, or rehabil-
itation. The spatial query then intersected these canal segments
and the new length of each sub-segment was determined,
keeping the capacity and construction information intact. 

The seepage curves were then applied depending on the soil
groupings encountered. The total seepage in m³/s was
determined by multiplying the corresponding seepage rate
(m³ s-1 km-1) by the length of segment. Seepage rates were
weighted according to the percent of fine-, medium-, and
coarse-textured soils in each polygon. The canal segments were
then summarized to their original lengths, with seepage values
being summed. The seepage volume for the 154-day irrigation
season was subsequently calculated.

The Irrigation District Model (IDM) (Baker et al. 2000) was
used to determine seepage along each canal segment and to
estimate the total volume of seepage within each irrigation
district. The model assumes that all canals, if in use, are
“checked up,” meaning that the water is always near the full
supply level as long as there is flow in the canal.

The seepage curves were applied to all unlined earthen canal
reaches using the IDM. All rehabilitated canals with membrane
liners, along with PVC or concrete pipelines, were assumed to
have zero seepage rates. If the canal was rehabilitated using an
earth liner, then the “low” seepage rate was applied,
representing the fine-textured soils normally used in the
construction. 

RESULTS and DISCUSSION

Soil texture and seepage rates
According to AGRASID data, medium-textured
soils are dominant in southern Alberta. About
78% of the soils in the southern portion of the
province are medium-textured, 16% are coarse-
textured, and 6% are fine-textured. Twenty-one
of the 29 ponding tests were conducted in
medium-textured soils, five were completed in
fine-textured soils, and three were carried out in
coarse-textured soils (Table 2). 

Seepage test data from sites 14 and 25 were
discarded due to significant site anomalies. Data
from site 14 were discarded because a natural
gas pipeline was present under the test reach and
may have accounted for the high seepage rate in
the fine-textured soils at this site. Site 25 data
were not used because it was the only site lined
with concrete, and the concrete was moderately
cracked. Canals at all other test sites were
unlined earth canals.

Data from sites 5, 16, and 21 were also
discarded due to the shallow depth to bedrock.
Drilling at site 5 found the bedrock to be mainly
claystone, starting at about 2 m below the
surface. Green and Copeland (1972) mapped the
bedrock at site 5 as Oldman formation,
consisting of sandstone, siltstone, and mudstone.
The depth of the canal at site 5 was about 2 m,

putting the bottom of the canal at, or very near, the same depth
as the bedrock. The canal at site 16 was built in clay loam and
sandy clay loam to sandy loam textured fill, fluvial-lacustrine,
till, and bedrock material. Bedrock at site 16 was found as
shallow as 0.5 m below the surface. Green and Copeland (1972)
mapped site 16 as being of the Foremost formation, a nonmarine
sandstone, siltstone, mudstone, and shale. Bedrock at site 21
consisted of sandstone, claystone, and siltstone, as shallow as
1.5 m below the surface. Green and Copeland (1972) mapped
the bedrock at site 21 as the St. Mary River formation,
consisting of sandstone, siltstone, and mudstone. The depth of
the canal at site 21 was approximately 1.5 m, putting the bottom
of the canal at, or very near, the same depth as the bedrock.
Bedrock was found at 3 m below the surface or deeper at the
other 24 sites.

Seepage rates in the fine-textured soils varied from 3.5 x 10-3

to 19.5 x 10-3 m3 m-2 d-1, with a mean value of 8.0 x 10-3

 m3 m-2 d-1 (Table 2). The seepage rates for the medium-textured
soils ranged from 3.2 x 10-3 to 45.3 x 10-3 m3 m-2 d-1, with a
mean value of 16.4 x 10-3 m3 m-2 d-1 (Table 2). The range in
seepage rates for the medium-textured soils was not surprising
due to: the broad range in soil texture for the medium-textured
soils; the variable texture associated with lacustrine and fluvial
deposits, wherein sand lenses may be present; and the dense
nature and low permeability of medium-textured glacial till.
Layers of sandy clay loam to sandy loam material may be the
reason for the higher seepage rate at medium-textured site 6.
The very fine sandy clay loam texture and layered nature of the
lacustrine material at site 7 may partially explain the high
seepage rate at the site.
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Table 2. Mean seepage rates and soil texture at each ponding test site.
  

Site No. Irrigation
District#

Test date Predominant soil
texture

Number of
observations

Mean evaporation
(mm/d)

Mean seepage rate¶

(10-3 m3 m-2 d-1)
Seepage rate§

(%)

Fine Texture

14*

15
19
22
27

RID
SMRID
SMIRD

UID
EID

Oct ‘98
May ‘98
Oct ‘97
May ‘99
Oct ‘99

C-SiC
SC

CL-SiCL
C-SiC
CL-C

-
6

18
13
17

Mean (n=4)

-
7.0 (0.1)
2.8 (0.2)
5.0 (0.3)
3.3 (0.9)
4.5 (0.9)

-
19.5 (2.0)
4.3 (0.5)
3.5 (0.8)
4.8 (0.5)
8.0 (3.8)

-
3.4
0.6
0.6
0.9
1.4

Medium Texture

5*

1
2
3
6
7
9

10
11
12
13
16*

17
18
20
21*

24
25*

26
28
29

EID
AID

BRID
BRID
LNID
LNID
MID
MID

MVID
RID
RID

SMRID
SMRID
SMRID

TID
UID
WID
LNID
WID
LNID
BRID

Oct ‘97
Nov ‘98
May ‘99
Oct ‘97
May ‘97
May ‘98
Oct ‘97
Oct ‘98
May ‘98
May ‘99
Oct ‘97
May ‘99
Nov ‘96
Nov ‘96
May ‘97
Apr ‘98
Oct ‘98
July ‘98
Oct ‘99
Oct ‘99
Oct ‘99

CL-C/bdrk
CL

SCL-CL
CL-SCL

SiCL
SCL
CL

SiCL-SiC
CL

SiCL
CL-C

CL-SCL/bdrk
CL

CL-C
CL

SiCL-C/bdrk
CL

L-CL
CL-SCL
SL-SiCL

CL

-
11
9

11
3
3
5

16
10
7

10
-

10
7

12
-

11
-
3
4
6

-
2.8 (0.3)
4.4 (0.6)
1.6 (0.1)
6.0 (0.1)
7.2 (0.3)
5.0 (0.6)
3.1 (0.3)
5.4 (0.2)
4.2 (0.7)
2.8 (0.4)

-
4.1 (0.6)
4.7 (0.2)
2.3 (0.6)

-
1.9 (0.2)

-
3.2 (0.0)
5.4 (0.0)
2.2 (0.0)

Mean (n=17)

-
9.1 (1.0)
6.2 (1.4)

11.7 (0.8)
45.3 (6.4)
34.0 (1.8)
19.0 (0.2)
4.8 (0.3)
7.3 (1.0)

17.1 (3.2)
9.6 (0.6)

-
5.4 (1.0)
7.0 (0.7)
3.2 (0.5)

-
15.2 (1.3)

-
42.2 (0.9)
21.3 (1.5)
21.4 (4.5)
16.4 (3.1)

-
1.8
0.8
2.4

11.9
9.5
3.9
0.9
1.5
2.8
1.9
-

1.4
2.4
0.4
-

2.5
-

10.2
5.9
4.5
3.9

Coarse Texture

4
8

23

BRID
LNID
WID

Oct ‘98
May ‘99
Oct ‘97

SL-SCL
SCL-SL-S
SL-SCL

3
5
3

2.0 (0.0)
4.4 (0.6)
7.3 (0.0)

Mean (n=3)

45.9 (3.1)
131.2 (32.9)

27.0 (3.5)
68.0 (32.1)

9.2
18.7
8.2

11.3

* Sites 14 and 25 were not included due to significant site anomalies. Sites 5, 16, and 21 were not included due to shallow bedrock.
# AID=Aetna; BRID=Bow River; EID=Eastern: LNID=Lethbridge Northern; MID=Magrath; MVID=Mountain View; RID=Raymond;
  SMRID=St. Mary River; TID=Taber; UID=United; WID=Western
¶ Mean (standard error)
§ Average volume of water lost in a 24-h period over the total volume of water in the test section, as a percentage

Most of the soils in southern Alberta have developed in fine-
to medium-textured glacial till that ranges in thickness from less
than 1 m to more than 30 m (Pawluk and Bayrock 1969).
Seepage rates in these fine- and medium-textured glacial till
soils are about an order of magnitude lower than seepage rates
determined elsewhere (Rasmussen and Lauritzen 1953; Worstell
1976; Linsley and Franzini 1979). Hendry (1982) reported that
the bulk hydraulic conductivity of glacial till in southern Alberta
ranges from about 0.43 x 10-3 to 17.3 x 10-3 m3 m-2 d-1. Trooien
and Reichman (1990) observed similar mean hydraulic
conductivity values of 2.13 x 10-3 to 15.4 x 10-3 m3 m-2 d-1 in soil

monoliths from North Dakota with slowly permeable glacial till
below 1 m. Unit seepage rates for fine- and medium-textured
soils examined in this study compare favorably to these
hydraulic conductivity values.

The seepage rate for the coarse-textured sites ranged from
27.0 x 10-3 to 131.2 x 10-3 m3 m-2 d-1, with a mean value of 68.0
x 10-3 m3 m-2 d-1 (Table 2). Soil texture ranged from sandy loam
to sandy clay loam at sites 4 and 23, and from sandy clay loam
to sand at site 8. Unit seepage rates for coarse-textured soils
generally range from about 460 x 10-3 to 610 x 10-3 m3 m-2 d-1

(Rasmussen and Lauritzen 1953; Worstell 1976; Linsley and
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Table 3. Estimated annual seepage volume in the irrigation districts

in 1999.
  

Irrigation
District*

Volume lost
to seepage#

(103 m3)

Estimated
length of canals

that seep
(km)

Proposed
licence in 1991

regulation
(103 m3)

Seepage loss¶

(%)

AID
BRID
EID
LID

LNID
MID

MVID
RCID
RID

SMRID
TID
UID
WID
Total

166
13,846
24,330

233
5286
486
219
113

1957
18,201
1330
1120

23,772
91,059

17
641

1242
39

422
62
26
18

181
1003

94
173

1101
5019

11,102
619,217
918,958
14,802

391,020
41,939
9868
3701

99,914
890,587
194,893
83,878

342,913
3,622,792

1.5
2.2
2.6
1.6
1.4
1.2
2.2
3.1
2.0
2.0
0.7
1.3
6.9
2.5

* AID=Aetna; BRID=Bow River; EID=Eastern: LID=Leavitt; LNID=Lethbridge
  Northern; MID=Magrath; MVID=Mountain View; RID=Raymond; RCID=Ross
  Creek; SMRID=St. Mary River; TID=Taber; UID=United; WID=Western
# Total seepage volume within each district was calculated using the AGRASID soil
  database and the attributes of canals. Seepage loss is based on 154 days of canal
  operation.
¶ Seepage loss (%) = volume of water lost due to seepage divided by district licence
   proposed in the 1991 regulation.

Fig. 4. Seepage curves for soil textural groups and various
canal capacities.

Franzini 1979). Worstell (1976) indicated that mean unit
seepage loss rates may be disproportionately high since seepage
measurements are often made on canals where high loss rates
are suspected. The unit seepage rates from ponding tests in
southern Alberta may be disproportionately low since tests were

conducted on canals recently scheduled for rehabilitation and
the most leaky canals have already been rehabilitated.

Seepage in irrigation districts
Mean seepage rates for each soil textural grouping resulted in
three distinct seepage curves for canals of different capacities
(Fig. 4). The GIS analysis of canal characteristics in the
irrigation districts indicated that approximately 5000 km of
canals have the potential to seep. Total annual seepage in 1999
was estimated as 91 x 106 m3 for all the districts combined, or
2.5% of the proposed total licensed allocation (Table 3).

The Eastern Irrigation District, the second largest irrigation
district in southern Alberta, has the highest district annual
seepage at 24.3 x 106 m3; however, this represents only 2.6% of
its proposed licensed allocation. The highest percent seepage to
total licensed allocation was found in the Western Irrigation
District (WID) at 6.9%. There are about 1100 km of canal in the
WID that seep in a variety of coarse- and medium-textured soils.
Many of these canals have not been rehabilitated. Lower than
expected values were observed in the Magrath Irrigation District
and the three mountain districts (Aetna, Leavitt, and Mountain
View), where canals were constructed on the contour in
primarily medium-textured soils, some of which are overlying
fractured bedrock. Further analysis with AGRASID is required
to evaluate these soil conditions. 

In 1991, the canal losses (seepage and evaporation)
component of the South Saskatchewan allocation regulation was
estimated as 15% of the proposed total licensed allocation

(Alberta Environment 1991). This value was
estimated based on soil information, canal
seepage equations, and other water balance
data available at the time. Unknown,
however, was the rate at which many of the
soils seeped in southern Alberta. Net
evaporation losses from irrigation district
canals in 1999 have been estimated as 0.5%
of the total licensed allocation (Personal
Communication: C. Vos, Irrigation Engineer,
Irrigation Branch, Lethbridge, Alberta). 

Medium-textured soils comprise a large
portion of the soils within the irrigation
districts. These ponding tests have shown that
canals in the fine- and medium-textured soils
do not seep as much as originally thought.
Canal rehabilitation has often targeted areas
of high seepage within the irrigation districts.
Canals constructed in coarse-textured soils, or
in high seepage areas, have already been
rehabilitated using a variety of modern
materials, i.e., pipelines, earth liners,
membrane liners, and other materials, making
seepage a negligible factor. Nearly all small
laterals (< 1.5 m³/s) rehabilitated in the last
15 years have been replaced with buried PVC
pipe, eliminating the canals and any seepage.

SUMMARY and CONCLUSIONS

Ponding tests were performed in 11 irrigation
districts in southern Alberta to determine
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seepage rates in soils of different textures. Seepage rates were
determined for three soil textural groups: fine-, medium-, and
coarse-textured soils. These seepage rates were used to calculate
the seepage rate per segment of canal for use in the Irrigation
District Model. The AGRASID database, the primary source of
soils information, was used in conjunction with a GIS and the
Irrigation District Model to estimate the total volume of seepage
within the irrigation districts. Results indicated that seepage
volumes were significantly less than estimated earlier. Estimates
made in 1991 indicated that about 15% of the proposed total
licensed allocation was lost from irrigation district canals
(seepage and evaporation), whereas the volume of water lost to
seepage within the irrigation districts in 1999 was about 91 x
106 m3, or 2.5% of the total licensed allocation proposed in the
1991 regulation. Canal rehabilitation has played a significant
role in reducing seepage in conveyance works, making seepage
losses a negligible factor in canal operations. Seepage losses
will likely be reduced even further in the future as irrigation
districts continue to modernize their conveyance systems.
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