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INTRODUCTION

A hydrologic budget has been de
fined as "an accounting of the inflow
to, outflow from, and storage in, a
hydrologic unit, such as a drainage
basin, aquifer, soil zone, lake, reser
voir, or irrigation project" (11). The
result of evaluating the items in such
a budget can really be described as
a hydrologic inventory. A general
equation that balances the hydrologic
budget for an irrigation project can
be stated as:

DG+ Pr - Wcu + Li 1
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Gross diversion is the amount of
water diverted from a source of sup
ply in any one year to satisfy all the
demands of an irrigation project.
Houk (4) cited average seasonal di
versions at sources of supply as be
tween 2 and 3 acre-feet per irrigated
acre for U.S. projects located where
growing seasons are relatively short
and precipitation supplies some of the
moisture required for crop growth.
Underhill (9) reported average gross
diversions of 1.9 to 2.9 feet for the
larger irrigation projects in southern
Alberta.

The failure of seasonal precipitation
to meet the water requirements of
crops results in a need for irrigation
in arid and semiarid regions, where
rainfall occurs irregularly and only
part of it reaches the root zone and
becomes available to the plant. The
U.S. Bureau of Reclamation (10) de
scribes effective precipitation (rain
fall) as that part of the precipitation
falling on an irrigated area that is ef
fective in meeting the consumptive
use requirements of crops. In practice,
rainfall runoff in arid and semiarid
regions constitutes a small percentage
(approximately 0.5 percent) of the
total rainfall and is often ignored in
a hydrologic budget.

Consumptive water requirement has
been defined (1) as the amount of
water potentially required to meet the
evapotranspiration needs of vegeta
tive areas so that production is not
limited by lack of water. Various
methods have been used to determine
the amount of water consumed or re
quired by agricultural crops and na
tural vegetation (5). On existing irri
gation projects, estimates of consump
tive water requirement can be made
by the integrationmethod. It is essen
tially a summation of the products of
unit consumptive water requirement
for each vegetative class and its area.

Irrigation authorities in the United
States (10) have estimated that only

where D^ — gross diversion of
water to the project
area under consider
ation,

pr = seasonal precipitation
(rainfall) in die pro
ject area,

WCu — consumptive water
requirement,

L| = irrigation losses. This
term, as used in the
general equation,
comprises at least
five components:
losses in conveying
water from the
source to the farm,
evaporation losses,
deep percolation,
runoff from precip
itation, and runoff of
unused water divert
ed for irrigation (re
turn flow).

Some of the terms, such as gross
diversion and rainfall, can be mea
sured directly. Consumptive use and
irrigation losses of a project area can
not be measured accurately, but, with
proper judgment, good estimates can
be made for synthesizinga hydrologic
budget.
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about one-third of the water diverted
for irrigation becomes available for
crop use, one-third is lost in regula
tion and conveyance to the land, and
the other third is lost to deep percola
tion and runoff during irrigation. Ac
cording to the U.S. Bureau of Reclam
ation (10), 37 percent of all water
diverted on 46 of its projects in 1946
was lost in conveyance, 23 percent
being canal seepage and 14 percent
operational waste. Conveyance losses
ranging from 30 to 40 percent are
generally accepted on the larger ir
rigation projects in southern Alberta
(9). Jensen (6) stated that runoff
may average 15 percent and deep
percolation 30 percent of the water
delivered to the farm.

Part of the water lost through oper
ational waste and seepage from
canals, laterals, and farm irrigation
operations is returned to the source of
supply and becomes available for re
use by downstream users. Return flow
comprises both surface and subsurface
runoff from the project area. On large,
well - established irrigation projects
amply supplied with water, annual
return flows may vary from one-third
to two-thirds of annual diversion (4).
Underhill (9) has suggested that re
turn flows from water diverted for ir
rigation projects in southern Alberta
range from 35 to 50 percent. Net di
version then is defined as the differ
ence between gross diversion from the
source of supply and the return flow
to that source.

The purpose of the present study
was to determine the relationships be
tween the items that would constitute
a hydrologic budget from 1958 to
1968, inclusive, for the Vauxhall Dis
trict of the Bow River Project. The
district, in operation since 1920, con
tains 66,000 acres of the 123,000 ir
rigable acres of the Bow River Pro
ject. It is situated in a semiarid region
of Alberta, approximately 50 miles
northeast of Lethbridge. The long
time (1921-1950) annual precipitation
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is 12.3 inches (2) and the average
seasonal precipitation for the same
period May to August is 6.7 inches
and from May to October is 8.7
inches.

MATERIALS AND METHODS

Basic data on various items of the
hydrologic budget (equation 1) were
obtained from several sources. The
Prairie Farm Rehabilitation Admini
stration (P.F.R.A.) at Vauxhall pro
vided data on water diversion and
farm deliveries; the Canada Depart
ment of Agriculture, Research Branch,
supplied precipitation data for the
Vauxhall Substation; and the Canada
Department of Energy, Mines and
Resources provided data on return
flows on the project.

The gross diversion of water for
irrigation to the Vauxhall District, for
the purpose of this study, was con
sidered to be the amount delivered
from the Main Canal between Drop 7
and the Expanse Coulee Siphon
(figure 1). The water wasted through
the Expanse Coulee Wasteway was
considered to be a regulatory loss and
could be largely accounted for as re
turn flow. Amounts deUvered to farms
were obtained from ditchrider re
cords. The difference between gross
diversion to the district and total farm
deliveries was considered as the con
veyance and regulatory loss, or diver
sion loss.

The total precipitation from May to
October was the value used in the
hydrologic budget. Runoff from pre
cipitation into and out of the area
was assumed to be negligible.

Data on annual land use in the irri
gated area were obtained from
P.F.R.A. and Canadian Wheat Board
records. The consumptive water re
quirement for crops grown under ir
rigation in the district in any year
was obtained by multiplying the re
spective acreage by the mean con
sumptive use for the crop as reported
by Sonmor (8). Summation of these
consumptive use values resulted in a
seasonal consumptive use for the
hydrologic budget equation. Because
changes in the cropping pattern dur
ing the period of study did not signif
icantly affect the values of total con
sumptive water requirement thus
computed, an average value of 1.52
acre-feet per acre was used for the
annual irrigated crop use for all years.
Another reason for using this value
for the annual irrigated crop use was
that actual consumptive use figures
were not available for the years under
consideration. This value might be
considered high for the district by ir
rigation authorities because it can be
assumed that less than the potential
water requirement was applied to the
crop in most years.

Khanal (7) has proposed a simpli
fied form of a hypothetical hydrologic

BOW RIVER

IRRIGATION PROJECT

Figure 1. General mop of the Bow River Project, Vauxhall District
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Figure 2. Schematic diagram of a simpli
fied hydrologic budget of an irrigation
project.

budget for an irrigation project
(figure 2). The items of supply in a
hydrologic budget theoretically
should equal the items of disposal.
Therefore, in applying such a budget
to the Vauxhall District, the gross
diversion per irrigated acre plus the
total rainfall during the irrigation sea
son (May to October) would be bal
anced by the water used by crops plus
total irrigation losses. Diversion losses
in regulation and conveyance were
calculated directly while farm losses
were obtained by subtraction. It was
assumed that moisture storage in the
soil at the beginning and at the end
of the season would be nearly equal.
Also, the increase or decrease in the
surface storage and other water uses
within the district from one season to
the next would be of negligible im
portance and could therefore be
omitted.

RESULTS AND DISCUSSION

The hydrologic budget items for
the Vauxhall District from 1958 to
1968, inclusive, are presented in table
I. On the basis of equation 1, the
hydrologic budget would be: Items of
supply, gross diversion (2.07) + sea
sonal rainfall (0.74) — Items of dis
posal, consumptive water requirement
(1.52) + irrigation losses (1.29).
Thus, during the 11-year period, water
diverted to the district comprised, on
the average, 74 percent of the total
supply and rainfall during the May-
to-October season comprised 26 per
cent. The consumptive water require
ment of the irrigated acreage was 54
percent of the items of disposal; of
the remaining 46 percent, diversion
losses accounted for 26 percent and
farm losses, calculated by difference,
for 20 percent.

Similarly, a hydrologic budget was
postulated for water delivered to the
farms plus seasonal rainfall. Of the
items of supply to the farm, 65 per
cent was water delivered to the farm
and 35 percent was water available
from seasonal rainfall. Of the items of
disposal, 74 percent was water avail
able for crop use and 26 percent was
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water lost from the farm, mainly run
off and deep percolation.

The water conveyance efficiency is
defined as the ratio of water deliver
ed to the farms to the water diverted.
For this study, the water conveyance
efficiency would be 65 percent If
farm irrigation efficiency can be de
fined as the ratio of the farm irriga
tion requirements — (WCu —Pr) —

to the water delivered to the farms,
then the average farm irrigation ef
ficiency for the period of study would
be 58 percent 1.52 — 0.74

1.35

This is probably somewhat higher
than the actual farm irrigation effici
ency if the actual consumptive use
was higher than estimated. On the
basis of figures given in table I, the
overall efficiency for the Vauxhall
District, defined as the product of the
component efficiency terms, is esti
mated to be 38 percent

Seasonal return flow, measured
during the period of this study, aver
aged 0.80 acre-foot per acre irrigated
and ranged from a low of 0.42 foot in
1958 to a high of 1.52 feet in 1966.
The average return flow was 38.8 per
cent of the gross diversion. Hobbs
and Krogman (3) reported that from
1949 to 1952 in the Taber Irrigation
District 26.3 percent of the water di
verted into die canal system was mea
sured as return flow. The average net
diversion for the Vauxhall District
from 1958 to 1968 was 1.27 acre feet
per acre irrigated.

The irrigation factor (table I), de
fined as the percentage of the total
irrigable area actually irrigated in any
one year, for the period 1958 to 1968,
inclusive, varied from a low of 35.9
percent in 1966, an extremely wet
season, to a high of 75.7 percent in
1962, a year of below-average rainfall
that was preceded by two relatively
dry years. The relatively liigh irriga
tion factor for 1968 undoubtedly was
due to the abnormal distribution of
rainfall during the season. For com
parison, the distribution of seasonal
rainfall is given in table II. The irri
gation factors reported probably are
low because the irrigable acreage in
cludes summerfallow, which usually
is not irrigated. The average irriga
tion factor was 62.9 percent, which
represents approximately 41,500 acres
irrigated annually. For the period
1926 to 1950, the average irrigation
factor for the Vauxhall District was

56

TABLE I. WATER SUPPLY AND DISPOSAL, VAUXHALL DISTRICT, 1958-1968

Year

Water

diverted

at source

Water

delivered

to farms

Diversion

losses

Seasonal

rainfall

Farm

losses

Return

flow

Irrigation
factor

%

1958 1.73 1.15 0.58 0.75 0.38 0.42 58.9

1959 1.93 1.21 0.72 0.74 0.43 0.50 55.3

I960 1.98 1.43 0.55 0.48 0.39 0.51 69.1

1961 2.53 1.86 0.67 0.61 0.95 0.69 73.0

1962 2.04 1.41 0.63 0.67 0.56 0.66 75.7

1963 2.06 1.37 0.69 0.82 0.67 0.77 68.3

1964 2.05 1.48 0.57 0.57 0.53 0.67 75 J>

1965 1.82 1.13 0.69 1.04 0.65 1.07 38.8

1966 2.67 1.31 1.36 0.98 0.77 1.52 35.9

1967 1.90 1.29 0.61 0.45 0.22 1.06 66 wV

1968 2.07 1.19 0.88 1.02 0.69 0.97 75.4

Mean 2.07 1.35 0.72 0.74 0.57 0.80 62.9

Standard
deviation SO.28 10.21 ±0.23 ±0 .21 ±0.21 ±0.32 ±14.3

TABLE II. SEASONAL PRECIPITATION, VAUXHALL DISTRICT, 195&-1968

Xear Apr. Hay June July Aug. Sept. Oct. May-Aug. May-Oct.

1958 0.68 1.06 1.75 3.02 0.85 2.03 0.25 6.68 8.94

1959 1.13 2.22 2.45 1.24 1.36 0.90 0.66 7.27 8.83

1960 2.21 1.22 0.99 0.79 2.03 0.37 0.12 5.03 5.72

1961 0.11 0.99 0.40 2.05 1.09 1.12 1.64 4.53 7.29

1962 0.37 1.36 1.39 2.32 1.10 1.51 0.41 6.17 8.09

1963 0.37 1.10 4.93 1.24 1.35 1.24 —
8.62 9.86

1964 2.01 2.04 1.38 1.02 0.30 1.84 0.06 4.74 6.84

1965 1.16 1.62 5.10 0.55 2.50 2.61 0.09 9.77 12.47

1966 2.38 1.24 3.27 2.64 3.48 0.29 0.85 10.63 11.77

1967 4.09 1.01 1.84 1.41 0.79 0.09 0.29 5.05 5*43

1968 1.29 3.05 2.73 1.17 0.98 3.29 1.08 7.93 12.30

Standard deviation

70.8 percent (W. F. Hall, unpublish
ed data).

Regressions were calculated by the
method of least squares for various
items of the hydrologic budget (table
III) using the data available from re
cords. All units are acre-feet per acre,
except for rainfall, which is given in
inches.

The May-to-August rainfall seemed
to influence the irrigation factor and
gross diversion per irrigable acre
more than May-to-October rainfall. A
similar correlation was found by
Hobbs and Krogman (3), who re
ported a correlation coefficient of

6.95

±2.00

8.87

±2.52

— 0.66 between May-to-August rain
fall and gross diversion per irrigable
acre on the Bow River Project be
tween 1949 and 1957.

Rainfall is not a significant factor
in determining the gross diversion per
irrigated acre or the farm delivery in
the Vauxhall District. This likely re
sults from the practice of applying
one heavy irrigation rather than a
light irrigation as required. Surface
irrigation is the predominant method
used in the Vauxhall District, and ap
plications of less than 4 inches usually
are not made. In wetter years, the ir
rigated acreage is reduced but the
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TABLE HI. RELATIONSHIPS BETWEEN VARIOUS ITEMS OP THE
HYDROLOGIC BUDGET, VAUXHALL DISTRICT, 1958-1968

Correlation components ( x vs y )

Rainfall (May-Aug.) vs irrigation factor

Rainfall (May-Oct.) vs irrigation factor

Rainfall (May-Aug.) vs gross diversion per
irrigable acre

Rainfall (May-Oct.) vs gross diversion per
irrigable acre

Ralnfal1 (May-Aug.) vs gross diversion per
irrigated acre

Rainfall (May-Oct.) vs gross diversion per
irrigated acre

Rainfall (May-Oct*) vs farm delivery

Gross diversion vs farm delivery

Gross diversion vs diversion losses

Gross diversion vs estimated total losses

Gross diversion vs return flow

Return flow vs total losses

•Significant aVthe-5* level.
"(Significant at the 1£ level.

total water applied is not substantially
reduced. This means that less water
is beneficially used and more is
wasted. This was the case in 1966
when the irrigation factor was low
but diversion was high and the water
delivery to farms was near average.
The diversion losses were almost
twice the average, and the estimated
farm losses were almost 50 percent
higher than average for the period.

The gross diversion was signifi
cantly correlated with farm water de
livery. Also, the correlations between
gross diversion and both the farm
losses and the diversion losses were
highly significant. The coefficient of
determination, r2, indicates that the
losses were mainly dependent on the
gross diversion. The gross diversion
and return flow were not significantly
correlated. However, the return flow
and total losses showed a significant
correlation. The total losses can be
estimated from the measured return
flow.

SUMMARY

Estimated hydrologic budget items,
based on the irrigated acreage, for
the Vauxhall District of the Bow River
Project from 1958 to 1968, inclusive,
may be summarized as follows:

Gross diversion 2.07 ft. (74%)
Seasonal precipitation 0.74 ft. (26%)

Correlation

coefficient (r)
Regression equation

(y = hx ♦ c)

-0.76** y = -5.2x ♦ 98.9

-0.56* y = -3.2x ♦ 91.0

-0.78** y = -0.11x ♦ 2.04

-0.45

0.16

0.17

-O.50

0.60* y = 0«43x ♦ 0.45

0.69** y = 0.56x - 0.45

0.83** y = 1.10x - 0.99

0.51

0.67* y = 0.77x ♦ 0.67

Total items of supply 2.81 ft.

Consumptive water
requirement 1.52 ft. (54%)

Diversion losses 0.72 ft. (26%)

Farm losses 0.57 ft. (20%)

Average farm delivery, 1.35 ft.
Average return flow, 0.80 ft.
Net diversion, 1.27 ft.
Average irrigation factor, 63%.
Water conveyance efficiency, 65%.
Farm irrigation efficiency, 58%.
Overall efficiency, 38%.

Correlation coefficients and regres
sion equations were calculated for
various items of the hydrologic
budget. Highly significant correla
tions were obtained between rainfall
(May to August) and both irrigation
factor and gross diversion per irrig
able acre and between gross diversion
and losses.

Analysis of data on past use of ir
rigation water on projects such as the
Vauxhall District are useful for as
sessing water allocations. Although
past uses of water may differ from
actual irrigation requirements, these
studies, together with consideration of
climate, soils, and crops, constitute
valuable guides for estimating water
needs on new lands or existing irriga
tion projects.
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