
TILE DRAIN LENGTH AND CAPACITY

INTRODUCTION

The planning of a subsurface drain
layout does not lend itself to a rigorous
analytical approach because the topogra
phy of the land will, in general, dictate
what is possible. In the past, complicated
layouts were planned and used that
probably did not add greatly to the
construction cost. However, with modern
equipment the simpler the layout, the
fewer the junctions, the cheaper and
more maintenance-free will be the
system.

Literature on drain length and capaci
ty is sparse. Kitching (2) determined
lateral length, area served by a lateral, and
the required diameter of drain for the
purpose of establishing criteria for design
in England. This aspect of design is now
critical in Europe where 50-mm (2-inch)
diam pipe is commonly used for lateral
drains. A hedgerow removal program has
encouraged larger and longer fields in
Great Britain. The length of 50-mm
lateral drains must be limited so that they
do not become overloaded and thus
impair the effectiveness of drainage. A
series of tables developed by the Ministry
of Agriculture and Fisheries (3) gives
maximum permissible acreage per lateral
for specific pipe and tube diameters, and
for given combinations of drainage rate
and drain gradient. The maximum permis
sible length of lateral drain for various
lateral spacings is also given.

In Ontario the need for control is not
as critical as 100-mm (4-inch) diam pipe
is the smallest diameter currently recom
mended for use. This has an historical
significance (Irwin 1) dating from 1917,
when the design criterion for lateral drain
diameter was increased from 75 mm (3
inches) to 100 mm (4 inches), because of
the poor grade control on the drainage
equipment available at the time. Today,
the size provides additional capacity at a
very small extra cost, to offset a potential
reduction in capacity due to sediment
accumulation and poor workmanship.
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The purpose of the study was to
determine current design layout practice
in Ontario so that it may be used and
improved upon for future planning of
subsurface drainage systems.

FACTORS AFFECTING DRAIN
LENGTH

Topography

Topography is the most important
factor. Generally, designers attempt to
have lateral drains run in the direction of
the major slope to achieve a higher
velocity for sediment clearance and yet
give some measure of interception effect.
Main drains, which carry greater volumes,
are usually designed with flatter slopes.
Drain slope can differ from ground slope
by changing the depth, but the range is
limited and it is better practice to keep a
uniform gradient at a constant depth.

Designers also recognize the need to
provide long lateral runs and short mains
for construction efficiency and economic
savings where possible.

Soils formed from glacial till and
outwash materials tend to have steeper
slopes, irregular field shape, and require
shorter drains than soils formed from
lacustrine materials that have uniform
permeability and slope, and where fields
are rectangular.

Farmstead Location and Field Layout

Most farms in Ontario are arranged in
one of two general patterns. In the first

pattern, the farmstead is centrally located
for efficiency in getting the harvest to the
barn, and for other field chores from the
days of farming with horses. A farm of
this pattern has a central lane, and the
farm is usually divided into quarters,
which influences the layout of the
drainage system. In the second pattern,
the farmstead is centrally located on the
boundary with a public roadway, and has
a central lane to the back of the farm.
This pattern is not as restrictive to drain
layout as the former.

Survey System of Ontario

The major agricultural areas of Ontario
were surveyed by township between 1783
and 1906. Weaver (4) states that the
systems of survey changed with the need.
Survey systems and the size of township
lots were revised from time to time,
depending upon the land settlement
schemes, physical characteristics of the
country, and municipal organization. The
survey system dictated farm dimensions,
and is a major factor in determining drain
length (Table I).

RESEARCH

Selection of Plans for Analysis

Drainage plans dating from 1906
(Irwin 1) are on file at the School of
Engineering, University of Guelph,
Guelph, Ontario. For this study, plans of
the period 1950-55 were chosen from
specific regions for analysis, because
during this time most of the design was
done by a few people, and was closely
controlled and supervised.

TABLE I SUMMARY OF ONTARIO LAND SURVEY SYSTEMS

Type of Lot size

survey1* (acres) Length (ft) X width (ft) Typical areas

Single front 200 6948 X 1254 St. Lawrence River
Front & rear 100 3300 X 1320 Niagara Peninsula
Double front 200* 4378 X 1980 Range to rear of SF
2400-acre section 200 4378 X 1980 Grey, Bosanquet
1000-acre section 100 3300 X 1320 Huron Tract, shield area
640-acre section 320 5280 X 2640 Clay belt
1800-acre section 150 3927 X 1667 Hearst area

RECEIVED FOR PUBLICATION AUGUST 8, t See Weaver (4)
1972 * Farm size is in half lots of 100 acres, 2189 X 1980 ft.
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The areas for detailed analysis were
chosen on the basis of soil type, land
survey system, drainage system layout,
and agricultural activity. Drainage plans
on file for each area were examined and
the information extracted and sum

marized.

Louth Township of Lincoln County
was one of those chosen, being typical of
a township surveyed under the front and
rear land survey System (Weaver 4). The
farms are primarily used for fruit
production. The principal farm size of
40.5 ha (100 acres), derived from the
survey system, would generally indicate a
longest lateral of 488 m (1,600 ft). Drain
spacing on plans varies from 6 to 20 m
(20-65 ft) but the majority are from 11
to 12 m (35-40 ft).

Lennox County was chosen as one
typical of a single front township survey
(Weaver 4) in Eastern Ontario. Topogra
phy makes random systems of drain
layout at natural grade necessary. The
systems have only 305-762 m
(1,000-2,500 ft) of drain, and drain
spacing is about 18-24 m (60-80 ft).

Grey County was chosen as one
typical of the double-front system of
survey (Weaver 4), and of general farming
in the 1950's. Many random-type drain
age systems are used.

Kent County has random systems in
Chatham Township with 15-20 m (50-66
ft) drain spacing. Systematic systems are
typical for areas of lacustrine clay soils at
12-17 m (40-55 ft) spacings. Land survey
systems are generally single and double-
front types (Weaver 4).

Essex County is a cash-crop farming
area on two distinct soils — a Brookston

clay and Berrien sand. Lambton County
is similar to Essex and Kent counties with

respect to soils and drainage and was
included for this reason. It also has areas

surveyed under the 2,400-acre section
system (Weaver 4).

Analysis of Drainage Plans

Information was compiled on geo
graphic location, length, diameter, drain
spacing, gradient, and layout pattern for
each lateral and main drain, from the
individual drainage plans. Data derived
from this information was: longest and
average lateral length, area drained per
lateral, and the major soil type. The
survey data were segregated according to
soil type into three classes: soils formed
from lacustro-morainic materials

(Brookston), outwash materials (Berrien),
and all others. The survey data were
separated according to drain length into
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Figure 1. Distribution of lateral length.
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Figure 2. Comparison of longest to average length of lateral drain.

class intervals of 30 m (100 ft) and the
distribution of lateral length was tabu
lated along with the accumulated total.
This information was plotted (Figure 1).

The effect of land survey system as
reflected by field size is noted in Figure 1
where 30% of the drains in Brookston

clay are about 284 m (930 ft) long. This
length is about one-half the width of a
standard farm lot in that area.

The influence of flat topography in
Brookston clay soils of Essex and Kent
counties is represented in a single curve
(Figure 1). The same soil type in
Lambton County has an undulating
characteristic that results in shorter

lateral drains; this curve falls within the
banded area. For Essex and Kent

counties, 66% of the lateral drains are
shorter than 305 m (1,000 ft) and 90%
are shorter than 610 m (2,000 ft).

In the undulating Berrien sandy soils
of Kent and Essex counties where
combination (random system with sys
tematic portions) drainage systems are
common, 66% of the laterals are shorter
than 122 m (400 ft) and 90% are shorter
than 214 m (700 ft).

All other drainage surveys in the areas
studied fall within the band shown
(Figure 1). The influence of the system of
land survey on drain length is masked by
the arrangement of the farm fields.
Lateral drain lengths within the province
appear to vary narrowly with about
two-thirds of all lateral drains being less
than 201 m (660 ft) long and 90% being
less than 305 m (1,000 ft), except for
areas of flat topography.

From the tabulated information, the
length of the longest lateral was plotted
against the average length of laterals for
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Figure 3. Distribution of drainage density,
Essex county.

each plan (Figure 2). The longest lateral is
not greater than 2.5 times the average
length of lateral.

The actual area drained was deter

mined from the plans and recorded along
with the total length of lateral drains. The
lateral drain density in feet per acre was
calculated and a distribution graph
prepared (Figure 3). Because lateral
spacing does not vary greatly, there is a
strong similarity between the distribution
curves of lateral drain density and the
distribution curves of lateral length. The
lateral drain density for Essex County is
about 460 m/ha (850 ft/acre) compared
to an Ontario average of 470 m/ha (624
ft/acre).

The ratio of the total length of main
drain to the total length of lateral drains
was determined. The relationship be
tween lateral drain density and this ratio
was calculated for the counties of Essex,
Kent, and Lambton. The relationship is:

M= 1,000 De~L5 = 7,530 Dm~ L5 . (1)
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where

M =

Dm =

the ratio of main drain length to
lateral drain length;
the lateral drain density in
ft/acre; and
the lateral drain density in

m/ha.

Drain Capacity

In Essex County, the average area
served by a single lateral drain is 0.45 ha
(1.1 acres), based on an average lateral
drain density of 640 m/ha (850 ft/acre)
and an average lateral drain length of 284
m (930 ft). The common drain gradient is
0.1%, which will discharge 20 liters/s (0.7
ft3/s) from a 100-mm (4-inch) diam drain
running full. For the area under consider
ation, this represents a drainage coeffici
ent of 38 mm/24 h (1.5 inches/24 h),
which is far in excess of any design
criteria commonly in use.

In most drainage systems a pipe of
100-mm (4-inch) diam is not required
based on water transport alone. However,
the choice of pipe size cannot be made
using water transport as the sole criterion.
Other factors in the choice would be

economic differential, ability to accept
water from the soil, structural strength,
availability of materials on a continuing
basis, and ability to remain clear of
sediment deposits. These factors have not
been evaluated in this paper.

SUMMARY

The length and density of lateral tile
drains and length of main drains planned
for farms in Ontario from 1950 to 1955
were analyzed from individual drainage
survey plans. Survey plans were analyzed
in detail from five areas representing a

range in cropping practices, including
cash crops, fruit growing, and mixed
farming, several soil types, and a range of
topographical situations.

Two-thirds of the lateral drains on
lacustrine soils are shorter than 305
meters (1,000 feet) and 90 percent are
shorter than 610 meters (2,000 feet).
Two-thirds of the lateral drains on till

soils are shorter than 122 meters (400
feet) and 90 percent are shorter than 214
meters (700 feet). The longest lateral
drain does not usually exceed 2.5 times
that of the average length of drain.

The relationship between lateral drain
density and the ratio of main drain length
to total lateral drain length, can be
expressed as:

M= 1,000 De~1'5 = 7,530 Dm-1-5

where M is the ratio of main drain length
to lateral drain length, De is the lateral
drain density in feet per acre, and Dm is
the lateral drain density in meters per
hectare.
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