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Much of the original poorly drained
upland soil in Ontario has been arti
ficially drained, and in areas where
high-valued crops can be grown be
cause of favourable climatic condi
tions, additional land is difficult to
obtain.

A solution to the preblem is the
complete reclamation of some areas,
and the improvement of other areas,
by pump drainage where high water-
tables or frequent flooding makes
farming hazardous. The drainage of
such land is provided for in the
Municipal Drainage Act (R.S.O. 1960,
c. 246), where a two-third majority
of the land owners benefitted can ini

tiate such a pumping and dyking
scheme. Upon completion of a scheme,
a Commissioner is appointed to man
age it and annual by-laws are passed
by the municipality for the raising of
monies expended on its operation.

In the major pump-drained area of
Ontario the average annual precipi
tation is 28 inches. The area has an
average moisture surplus each year
of approximately 6 inches, which must
be drained away. About 60 percent of
the annual pumping time occurs dur
ing the months of March, April and
May. The source of water to be pump
ed is from precipitation and seepage.
It is thought that on these flat min
eral soils the amount of actual surface
runoff is relatively small, and that
much of the drainage water comes
from tile drains. On the organic soils
the water will be primarily from seep
age and surface runoff except in tile-
drained areas. Many of the pumping
plants have gravity outlet gates in
corporated in the dam as shown in
Figure 1 to reduce the number of
hours of pumping when the tail water
or lake level is low.
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Figure I. Pump house, dam, and gravity flood gates.

BASIC DESIGN

CONSIDERATIONS

The engineering problems to be
solved in a pump drainage scheme
which uses a ditch for storage pur
poses are: —

(1) segregating the lowland from the
highland; (2) protecting the area
from outside water, and (3) providing
sufficient reservoir and pumping capa
city to ensure proper drainage.

Segregation of the lowland from the
highland is essential. All land within
the scheme should be of the same
character, that is, so low that it can
not be drained by gravity. It is al
ways more conomical to drain by
gravity than by mechanical means.
Segregation is usually effected by a
cut-off ditch whereby the upland
water by-passes the scheme.

Dyking protects the area from out
side water. This is an expensive part
of the scheme, but a good dyke is
essential for low operational costs.
The dyke must be continuous and
built on a good foundation. It must
have strength to resist erosion if it is
overtopped by water. Maintenance
costs are very high where wave action
causes serious damage. The dyke
should be designed, if possible, with
3 feet of freeboard above high water
level. The side slopes should be stable
and grassed. A small ditch may be con
structed inside and at the toe of the
dyke, to collect water which may
seep through the dvkc.

The provision of sufficient reservoir
and pumping capacity to ensure
proper drainage of the area is most
important. The size of reservoir and
the pump capacity should be mutu
ally adjusted to secure a minimum
cost which includes interest, deprecia
tion and operating costs of the pump
ing plant, and interest and deprecia
tion on the reservoir.

The interior open drains are de
signed the same as gravity outlet
ditches. They must be deep enough
for the proper installation of tile
drains. All productive land in a pump
scheme on mineral soil must be t'le
drained for efficient use, and the
water level in the ditches should be
kept below the tile outlets during
periods of runoff.
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The same basic engineering prob
lems are involved but are usually
simpler and less expensive when a
drainage pump is used solely to
handle the discharge from an under-
drainage system. In this case an effort
is made to divert surface water away
from the pumping system where poss
ible, however, dyking is seldom re
quired.

PUMPING PLANTS

In the design of a pumping plant
a careful estimate must be made of:—

(1) the average annual runoff in
order to estimate the annual cost of
pumping and determine the economic-
feasibility of the project; (2) the
seasonal distribution of runoff and
lilt so that the design will be the
most efficient, and (3) the maximum
daily runoff which determines the
total capacity of the pumping plant.

There are four steps in the design
ol a small drainage pumping plant
(3).

1. Determine the suction and dis
charge elevations.

2. Compute the pump capacity re
quired.

3. Select the pump and power unit.
4. Determine the volume and type

of storage required.

The lift for drainage pumps will
vary from 2 to 15 ieet. In Ontario
the most common lift is between 7
and 8 feet. The water level should
be kept below the level of tile drains.
It is also usual to have free discharge
just above the tail water level. The
difference between these values estab
lishes the lift for the pump. A back
water valve is commonly used on the
discharge pipe to prevent re-entry of
water should it rise appreciably which
is a problem caused by varying lake
or tail water levels in Ontario.

Figure 2. Pump for main tile drainage syste



The pump capacity required is usu
ally designed for minimum lift.
Where a small drainage pump is used
in a sump and pumps tile discharge
only as shown in Figure 2 the recom
mended capacity is the maximum cap
acity of the main tile drain plus 10
per cent to allow for the infrequent
times when the tile is operating
under a small pressure head.

When surface water must be
pumped, as well as tile discharge the
design discharge is found by consid
ering the total discharge from the area
less the volume of water to be stored
but including seepage water, although
seepage water can usually be neglected
for small schemes. The entire acreage
contributing must be used in deter
mining the pump capacity. The
pumping coefficient for small areas
will usually vary from 1 inch to 11/2
inches per 24 hours. A survey of
pumping plants in Ontario showed
a higher drainage coefficient was in
use:

Q = 300 K V^T"

where —

Q = the pump capacity in gallons
per minute;

A = the area in acres;
K = 1.

The pumping plants tended to be
over-designed for the smaller areas.

Propeller pumps are used for most
agricultural pump drainage enter
prises. The chief characteristics of
a propeller pump operating at a given
speed is the increase in volume as
the lift or head decreases. However,
a fairly constant flow is maintained
over a comparatively wide range of
head. Large volumes are pumped at
low lifts with great economy.

The size of pump is generally regu
lated by what is commercially avail
able. Only recently have propeller
pumps smaller than 8 inches become
available. Smaller 4-inch and 6-inch

propeller pumps are used for tile
drainage outlets.

POWER UNITS

Electric motors are the most con

venient form of power for drainage
pumps. They have a low first cost,
run at constant speed, require a small
amount of floor space, and will run
with some overload for short periods.
Single phase motors are generally
available up to 7^ H.P. and specially
available up to 20 H.P. A phase con
verter can be used where only single
phase power is available. The chief
disadvantage of electric motor instal
lations on three phase lines is the
higher service charge which must be
paid even when the pump is not

operated. Small electric motors are
started automatically with a float-
controlled switch or "no-flote" elec
trodes. The motor must be placed
above high water level and can be
direct-connected or V-belt connected
to the pump shaft.

Internal combustion engines are
used in fixed installations. They are
manually started and the fuel is gaso
line, natural gas, or diesel fuel; how
ever the limited number of hours of
operation per year for diesel engines
preclude their general use. The ad
vantage of an internal combustion
engine is that it can be throttled to
reduce speed to suit low-flow condi
tions at the pumping plant. The
pump is ether belt-driven or direct-
driven through a right-angle gear
drive.

Installations of less than 200 acres

often use a tractor to supply the
necessary power. This is economical
because the tractor is seldom used

elsewhere when pumping is necessary.
Its use depends upon accessibility to
the pump when the land is wet.

STORAGE

The interior drainage system con
ducts the water to the pump. The
purpose of a storage reservoir is to
give an outlet to lateral ditches, as
sist in reducing peak design rate, and
store "dry weather" flow so the pump
will not need to be started.

When runoff from rainfall exceeds
the capacity of the pumping plant,
the excess goes into storage. This stor
age includes (1) ground water in
crease as indicated by a rise of the
water table; (2) ditch storage, and
(3) surface storage.

The reservoir generally should be
as large as possible. This keeps the
operating costs at a minimum by the
use of a smaller pump and more
economical operation. The operation
al policy of the pump, that is, whether

it runs for 24-hour periods or only
in the daytime, will also affect the
amount of storage required.

A survey in Ontario (1) showed
that many drainage schemes had more
than 1 per cent of their area in main
ditch.

Larson (2) recommended an active
sump storage volume in cubic feet
equal to 0.4 times the pump capacity
in gallons per minute for a pump
on automatic operations from tile dis
charge only.

Good manual operation is rather
dependent upon starting the pump
at the proper time and, therefore, it
is usual to design additional storage
for this case. It is usually convenient
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to start the pump twice a day and
allow it to run about 3 hours. This
is equivalent to Larson's (2) recom
mendation for an active storage in
cubic feet equal to 25 times the pump
capacity in gallons per minute. The
Ontario survey indicated that this is
a popular practice in design.

ECONOMICS

The costs of instituting a pump
drainage scheme and the reclamation
of the land are difficult to determine.
In general, the scheme should be large
to reduce the unit cost per acre; how
ever, the smaller scheme is created
because of the increased demand for
land. Pump-drained lands on mineral
soils do not usually have as high a
market value as upland soils in the
same area.

The annual operating costs for fuel,
labour, and small repairs vary with
the hours of use and the plant capa
city. On the average, fuel is 40 per
cent of the total operating cost, labour
is 40 per cent, and repairs are 20
per cent.

In Ontario the average annual
hours of operation for a pumping
plant is 227. The average annual
costs of operation is about $2.20 per.
hour or 70c per acre.

In 1960 the Ontario counties of
Essex and Kent derived a gross dollar
value from agricultural production
of field crops and vegetables totalling
$52,000,000. About 20 per cent of
this amount would be derived from

the intensively cultivated pump drain
ed areas of the Counties. While crop
production and revenue from these
lands is greater than the average the
cost of production is also very high
and tends to create lower land values.

A pump is used as a drainage out
let for upland soils where a natural
outlet is not available or when the
cost of a large long maindrain would
be excessive. It is also used for tile
drainage outlets, water level control,
land reclamation and tidal or flood
stage discharge. This type of outlet
will be used to a greater extent in
the future.

REFERENCES

1. Irwin, R. W. Survey of Pump
Drainage Installations in Ontario.
Eng. Tech. Pub. 3. Ont. Agr. Col
lege. 1960.

2. Larson, C. L., E. R. Allred. Plan
ning Pump Drainage Outlets. Agr.
Eng. 38: 38-40. 1956.

3. Sutton, J. G. Design and Opera
tion of Drainage Pumping Plants.
U.S.D.A. Tech. Bui. 1008. 1950.


