
RUNOFF FREQUENCY FROM A SMALL PRAIRIE WATERSHED*

R. E. Melvmf
Member C.S.A.E.

Saskatchewan Research Council,
Saskatoon, Sask.

INTRODUCTION

More accurate data on runoff from
small watersheds in agricultural areas
are required for engineering designs of
water-controlling structures and for the
allocation of water rights within a
small drainage basin. Watersheds
larger than twenty square miles have
received considerable attention by re
search workers and agencies engaged
in the development of water supplies.
Forsaith (3) determined probable run
off rates for a small watershed based
on data from large watersheds. Little is
known about the hydrology of small
watersheds in the semiarid region of
Western Canada. Generally, flow re
cords for large areas are adjusted to
produce design data for small drainage
basins.

A project to study the hydrology of
a small watershed in the semiarid re
gion of Southeastern Saskatchewan was
initiated in 1951 to provide informa
tion on the rate and volume of runoff.
This paper presents results for the
period 1951 to 1964.

WATERSHED DESCRIPTION

A representative watershed was se
lected adjacent to Davin in South
eastern Saskatchewan (50° 23' N,
104° T W). The 2987-acre area was
mapped off on one-foot contours (fig
ure 1). The topography is classified as
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gentlv to moderately undulating (table
1). *
TABLE I. DAVIN WATERSHED SLOPE

CLASSIFICATION IN ACRES AND
PERCENTAGE OF BASIN AREA

cupied about 15 percent of the total
area (table 2).

TABLE II. DAVIN WATERSHED
TREATMENTS IN ACRES AND
PERCENTAGE OF BASIN AREA

Acres

% of

Watershed area% Slope
Treatment Acres

% of

Watershed area

1618.0

692.5

401.5

275.0

54.4

23.1

13.3

9.2

0-1

1-2

2-4

Over 4

Summerfallow

Crop

Grass

Total

820

1695

472

2987

27.5

57.0

15.5

A detailed soil survey was conduct
ed by the Soils Department, University
of Saskatchewan (1). Soils are classi
fied as clay loam developed on glacial
till with considerable sorting by wind
and water. Thus, knolls and hills are
generally of coarser material with the
finer textured soil particles deposited
to depths of four feet in depressions.
As a result of the sorting by wind and
water, the surface layers of soil have a
wide range of infiltration and water-
holding capacity.

Ground cover was governed by
cropping practices. Generally, a three-
year rotation of cereal, cereal and sum
merfallow was utilized. Wheat was the
main crop with barley and flax occupy
ing a smaller percentage of the acre
age. Native and cultivated grasses oc-
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INSTRUMENTATION

Runoff from the main drainage
basin was measured through a 2:1
broad-crested V-notch weir rated at
960 cfs using a water stage recorder.
Five standard and two recording
gauges measured the amount, intensity
and distribution of rainfall (figure 1).
The standard gauges are of a type
recommended by the Meteorological
Service of Canada (M.S.C.): the re
cording raingauges are a M.S.C. tip
ping bucket and M.S.C. spring balance.

RESULTS AND DISCUSSION

Annual precipitation records (table
3) indicated the amount of moisture
received as snow and rain for each
year. The water equivalent of snowfall
recorded accounts for a third of the
average annual precipitation. For the
period of observation, the average of
14.83 inches of precipitation compared
closely with the long term average of
14.70 inches for Regina (2).

Runoff volumes recorded range
from about 35 acre-feet to 851 acre-
feet annually (table 4) with 90 percent
or more of the total runoff resulting
from snowmelt. Consequently, any ap
preciable amount of runoff that is to
be stored in a reservoir, depends pri
marily on runoff originating from
snowmelt.

Furthermore, for the 14-year period
of record, runoff from rain was record
ed in only eight years. For only six of
the eight years was the rainfall runoff
appreciable. One storm of 3.74 inches
in 1955 resulted in the highest volume
of runoff from rain ever recorded for
this drainage basin. The maximum
five-minute intensity of this particular
rainstorm was 3.60 inches oer hour.
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TABLE III. ANNUAL SNOW, RAIN AND TOTAL PRECIPITATION FOR THE
DAVIN WATERSHED FROM 1950 TO 1964

Year
Snowfall*

water equivalent
(in.)

Rainfall**
(in.)

Total pptn.***
(in.)

1950-51

1951-52

1952-53

1953-54

1954-55

1955-56

1956-57

1957-58

1958-59

1959-60

1960-61

1961-62

1962-63

1963-64

Mean

7.08

5.80

4.91

5.33

5.69

4.64

6.27

4.58

3.71

6.01

2.64

4.91

3.70

2.92

4.87

11.79

11.39

12.66

14.78

10.64

9.08

7.43

4.53

11.21

8.81

3.70

8.64

14.66

10.17

9.96

18.87

17.19

17.57

20.11

16.33

13.72

11.39

9.11

14.92

14.82

6.34

13.55

18.36

13.09

14.83

*Snowfall includes all the precipitation during the period Oct. 1st to April 30th as
recorded at Regina Airport. Ten inches of snow is equivalent to one inch of water.

**Rainfall includes all the precipitation during the period May 1st to Sept. 30th and is the
mean of five M.S.C. standard rain gauge readings located at Davin.

***Total yearly precipitation is the sum of the annual water equivalent of snow and rain
fall for the period Oct. 1st to Sept. 30th of each runoff year.

TABLE IV. ANNUAL SNOW, RAIN AND TOTAL RUNOFF VOLUMES AND PEAK
FLOWS FOR THE DAVIN WATERSHED FROM 1951 TO 1964

Snowmelt Rainfall Total

Year Runoff Peak flow Runoff Peak flow Runoff Peak flow
(acre-ft.) (cfs) (acre-ft.) (cfs) (acre-ft.) (cfs)

1951 283.47 59.80 T* T 283.47 59.80

1952 316.47 69.80 T T 316.47 69.80
1953 39.39 27.50 96.55 130.00 135.94 130.00

1954 230.82 83.50 22.95 2.00 253.77 88.50

1955 452.68 92.00 53.81 960** 506.49 960

1956 829.68 180.00 21.61 27.00 851.29 180.00

1957 410.67 100.08 4.57 3.20 415.24 100.08

1958 232.91 92.00 0.07 0.06 232.98 92.00

1959 5.03 1.55 58.62 151.00 63.65 151.00

1960 384.49 112.00 10.36 34.50 394.85 112.00

1961 35.09 11.50 T T 35.09 11.50

1962 279.73 74.00 T T 279.73 74.00

1963 43.19 30.50 T T 43.19 30.50

1964 81.78 40.00 T T 81.78 40.00
Mean 258.96 69.58 19.19 93.41 278.14 149.58

*Trace.

**Estimated peak flow.

Data on precipitation and runoff
volumes show that a maximum amount
of runoff is not necessarily produced
from a maximum amount of recorded
precipitation. For example, in 1956,
over 800 acre-feet of runoff resulted
from a total snowfall of 4.6 inches,
whereas in 1951 a measured snowfall
of 7.1 inches resulted in a total runoff
of only about 280 acre feet. From this
it is evident that other factors affect
watershed yield. These may include
both air and soil temperature, evapo
ration, slopes, exposure, and albedo
(5).

Statistical analysis of the 14 years
data provided runoff volume trends.

To plot the observed data as log-
probability, the plotted frequency was
computed by plotting position formula.
The formula generally recommended
for plotting annual values is:

P = m 1

N + 1

or

T = N + 1
(11

where P = probability of occurrence

T = return interval

N = number of years of data

and m = rank of data

Analysis of runoff volumes for the
years under study indicates trends de
fined by two straight lines fitted by
eye (figure (2). This break in the
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Figure 2. Log-Normal Distribution of Annual Runoff

probability curve suggests that runoff
data from this watershed is not a rep
resentative sample of population. Con
sequently, separation of the data into
portions of single populations would
be necessary in a frequency analysis.

In view of the foregoing conclusions
the probability curve may be used for
design purposes with reservation. The
data indicate limits of runoff volumes
to be expected based on a 14-year
study.

Similarly, an analysis was made of
peak flow records (table 4). Peak
flows were plotted as an extreme-value
probability using the aforementioned
plotting position formula (figure 3). A
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Figure 3. Extreme-Value Distribution of Measured
Peak Flows for Davin and Calculated Peak Flows

by Forsaith's Equation.

best fit line was drawn by eye. It was
evident that the extreme-value distri
bution developed by Gumbel (4) could

continued on page 25

CANADIAN AGRICULTURAL ENGINEERING, FEB. 1966



tion obtained by neglecting it sustains
the ignored qualification. By corolary,
a solution can be obtained by ignoring
the second qualification and checking
the validity of the solution by deter
mining whether or not the ignored
qualification is sustained by the solu
tion.

Ignoring the second power qualifica
tion and substituting for Y3 in the
functional, the problem appears as

Z = 300Y, + 100Y2

200 200

Y, Yo
100

These equations solve readily by
Lagrange's method to yield:

Y, =

Y2 =
2 \/300 + vioo

= 5.47 acres per hour

Y3 = 63.0 hp

from which t, =63.5 hours and t2 =

36.5 hours

and where, incidentally Z = $1,492.00

The validity of the solution is proven
by the second qualification being sus
tained by substitution.

Y3 = 63.0 > 54.7

The combination of Lagrange's
method and linear programming pro
vides a powerful approach to problems
involving both variable - cost and
normally-fixed-cost relationships. A se
quence can be devised as follows:

1 Solve a linear program without
the inclusion of machine size entries
to obtain acreages, or guess at final
acreages.

2. Using these acreages, solve the
minimum cost machinery combina
tion, using Lagrange's method.

3. Using time values t; obtained
from equation 2, enter the machine-
size relationships in the program
matrix in the manner illustrated in
figure 1.

4. Solve the program and compare
the final acreages with the acreages
obtained from equation 1.

These four steps constitute one itera
tion of a combined "solve and verify"
program. If there is lack of agreement,
a second iteration can be performed
starting at step 2 and using acreages
obtained from equation 4.

\/300
\/300 + vioo

= 3.15 acres per hour

Vioo

X2

X

CONCLUSIONS

A programming solution obtained in
this manner insures the achievement of
a final program in which machinery is
sized and the scale of enterprises deter
mined simultaneously, with full inter
action between the fixed - cost of ma
chinery and the returns from the enter
prises.

This procedure, although at first
sight appearing tedious, has been em
ployed frequently by the author with
out difficulty.

Results of these applications have
provided substantiative data on ma
chinery requirements. Observation of
these data constitute another paper. In
general, such observations do not sup
port the contention that machinery
fixed - costs are the principle factor in
a cost-price squeeze.
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be used to describe the population ex
cept for one year in which an unusual
rainstorm of 3.74 inches resulted in a
peak estimated at 960 cfs. For the
fourteen years of record, the peak flows
originated from snowmelt except for
three years when peaks resulted from
sudden rainstorms. An analysis of the
peak flows originating from rain alone
is not warranted because of insufficient
data.

Peak flows calculated by the
Forsaith equation1 (3) superimposed
on the measured values for the Davin
watershed (figure 3), approach the
measured values in the low flow
range, but tend to deviate as the
peak flows increase. The calculated
values of Forsaith were all higher than
the measured values for different pro
babilities. This may be explained by
the fact that the data used by Forsaith
were obtained from areas larger than
the Davin watershed in which factors
affecting watershed yield may not have
been as predominant. In addition, the
use of a V-notch weir for measuring
flow is considered to be more accurate
than stream-gauging techniques.

'Forsaith equation is:

Q = C(32.3 A0-5 T0-444)

where: Q is the peak flood in cfs that
may be anticipated to be equalled or
exceeded, on an average, once in a
period of T years; C is the runoff
coefficient, the value of which de
pends on the watershed characteris
tics and geographic location of the
drainage area; A is the watershed
area in square miles, and T is the
frequency period in years.

SUMMARY AND CONCLUSIONS

Watershed studies conducted indi
cate that a wide range of runoff vol
umes and peak flows can be expected
from a 2987-acre watershed. Ninety
percent or more of the total runoff
resulted from snowfall which accounted
for approximately a third of the an
nual precipitation. The measured peak
flows from 1951 to 1964 were found
to be less than that estimated from the
Forsaith equation. Results to date in
dicate that more than 14 years of
data are required to establish a reliable
frequency analysis. Extreme events
have occurred and further knowledge
of these events would be of value for
design purposes.

continued on page 36
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one-way disc seeder is as effective as
other seeders on stubble land. Its use
fulness on fallow has also been pointed
out (5, 6). No significant increase in
yield resulted from preparing the seed
bed in advance of seeding where the
only weeds were annuals and winter
annuals. If tillage is done before seed
ing with the one-way disc seeder, a
deeply worked, rough seed-bed must
be avoided.

The semi-deep-furrow drill used in
these studies was essentially a stubble-
mulch drill that formed moderate fur
rows. The drill was as useful as the
one-way-disc seeder for seeding stubble
land. The tilling action of the openers
supplemented the tillage provided by
the wide-blade cultivator, and the con
trol of existing annual weeds generally
equalled that obtained when the one
way disc was used for once-over seed
ing. The furrowing action of the open
ers facilitated seed placement into
moist soil and thus provided earlier
and more uniform stands than were
obtained with the double-disc drill
when the seed-bed was drier. This was
apparently a factor that influenced
yield in one year each on fallow and
stubble. Under conditions drier than at
Lethbridge this would probably occur
more frequently. The semi-deep-furrow
drill operated successfully through
trash in quantities of up to 4,000
pounds per acre provided that stubble
and straw length did not exceed about
12 inches and that the trash was dry
and uniformly spread. These factors
have enabled the semi-deep-furrow
drill to perform adequately on widely
different types of seed-beds and over a
wide range of soil and climatic condi
tions.

The deep-furrow drill and the semi-
deep-furrow drill occasionally provi
ded better results with winter wheat
on fallow than the double-disc drill
when drought influenced germination
of seed and when soil drifted. The
deep-furrow drill seems to offer no
real advantage over the semi-deep-
furrow drill under conditions similar to
those at Lethbridge.

SUMMARY

Results of a 14-year field study of
the use of some basic machines for
seeding wheat on fallow and stubble
land in southern Alberta are reported.

The wide-blade cultivator, in its
present stage of development, has
limited usefulness as a combine seeder
for cereal crops in only the relatively
dry areas. It is less useful than the
one-way disc-type combine seeder.
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The one-way disc-type seeder, when
used for once-over seeding of stubble
land, provided results equivalent to
those from other methods of seeding
where existing weeds were annuals or
winter annuals and where trash quan
tities did not exceed about 4,000
pounds per acre.

The double - disc press drill gave
results equivalent to those of other
methods for seeding fallow land having
a relatively light trash cover. Results
were sometimes inferior when the drill
was used to seed stubble fields having
trash quantities exceeding about 2,000
pounds or when drought conditions ex
isted at time of seeding stubble or
fallow land.

The stubble-mulch drill (in this
study a semi-deep-furrow drill) per
formed adequately on widely different
types of seed-beds including those
prepared with the wide-blade cultiva
tor. Results equalled those from the
one-way disc seeder on stubble land
having up to 4,000 pounds of trash
cover per acre and generally equalled
those of the double-disc press drill on
fallow. The furrow-seeding principle
occasionally provided results superior
to those of the double-disc press drill
when severe drought conditions existed
at time of seeding.

The deep-furrow, the semi-deep-
furrow, and the double-disc press drill
generally provided equal results when
used for seeding winter wheat on fallow
land. Under drought conditions at
seeding time the furrow seeders were
occasionally superior to the double-disc
press drill but there was no advantage
in using the deep-furrow drill in prefer
ence to the semi-deep-furrow drill.
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A maximum amount of runoff does
not necessarily occur from a maximum
amount of precipitation. Consequently,
further studies should be made to de
termine the various inherent factors
that affect watershed yield.
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