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Seventy-five millimeter diameter plastic draintubingcanbeused successfully forsubsurface drainlaterals inCanada. Theuse
of75-mm diamtubingcan result indefinite economic savings andineasier handling, storage andtransportation. It isparticularly
advantageous on rolling land with high grades and in soils with lower hydraulic conductivities where smaller spacings between
laterals can be used. During installation, care in grade control has to be exercised, especially with grades less than 0.25%.
Awareness of the limitations of 75-mm tubing (as with other sizes) is necessary to avoid exceeding the hydraulic capacity.
Hydraulic capacity data for corrugated plastic drain tubes from 59to 100 mm inside diamare presented. Tables giving areas
drained, and maximumlengthsof subsurfacedrain lateralsfor drainagecoefficients of9 and 12mm/day hydraulicgradientsof
0.1, 0.2, 0.3 and 0.5% and drain spacings ranging from 9 to 60 m are given.

INTRODUCTION

More than 40 million meters of

subsurface drains are installed each year in
Canada. Studies such as those by April
(1967), and Irwin and Ayers (1970) indicate
that the drainage improvements needed on
land currently being farmed will require
installations of approximately 40 million
m/yr for another 80 yr. Considering the vast
requirements in material, energy and money
for the production and installation of these
billions of meters of subsurface drains, the
need is apparent to refine design and
installation techniques to reduce the
consumption of material and energy as well
as money costs per meter of drain tube
installed.

Prior to 1974, the smallest drain tile or
plastic tube in common use in Canada was
100 mm inside diameter (i.d.). Probably less
than 20% of the 100-mm drains installed are
ever utilized at their maximum hydraulic
capacity. One hundred-mm tile became the
accepted minimum lateral drain diameter
some years ago because of some of the
following factors:
1. Some safety allowance on flow area was

provided to compensate for misalign
ment of the tile.

2. 100-mm i.d. tile was not much more

expensive than 75-mm tile.

3.

4.

It took more sediment to block the flow
in 100-mm tile than in a smaller tile.
100-mm tile gave more safety against loss
of flow capacity and sediment trapping
due to occasional reverse grades during
installation. Therefore, grade control did
not need to be quite as precise for 100-
mm tile as for a smaller tile.

Due to the increased costs of existing
drain tile, drainage tubing, and drainage
filters and with the development of
improved installation machinery and grade
control systems, it is time to consider wider
use of smaller diameter economical drain

tubes.

In Europe (Table I) and more recently in
the United States, there has been a tendency
towards wider use of smaller diameter drain
tubes. Some 4,000 km of 75-mm i.d. plastic
drain tubing have been installed in
California with no serious failures as

reported by Spence (1975).
With the use of smaller tubing, cost

savings occur in many ways. Per unit length,
75-mm diam tubing contains about 75% of
the plastic of 100-mm tubing. The smaller
diameter tubes can be rolled into smaller

coils for the same length. Thus, both
handling and shipping costs can be reduced.
At the field, installation costs could be
slightly lower because of the reduction in

TABLE I. USAGE OF PLASTIC DRAIN TUBING IN EUROPEt

plow force required if installation by plow is
used.

Schwab and Fouss (1974) indicated that
there is not a significant increase in
resistance for water to enter 75-mm i.d.

tubing as compared to 100 mm-tubing.
Measurements of hydraulic capacity of

80-mm i.d. tubing indicate that this tubing
has sufficient capacity for the full length of
approximately 75% of the drain laterals
currently being installed on drainage
systems in Ontario and Quebec.

HYDRAULIC CAPACITY OF

PLASTIC DRAIN TUBES

The full flow hydraulic capacity of plastic
drain tubes of several makes has been

measured by Irwin (1971), R.S. Broughton,
R.S. Broughton and S.R. Ami (personal
communication), Wesseling and Homma
(1967), Hermsmier and Willardson (1970)
and others. The full flow discharge
capacities for some typical corrugated
plastic drain tubes are given in Fig. 1 as a
function of hydraulic gradient. The areas
drained by these tubes for various drainage
coefficients are also shown in Fig. 1. The
discharges were measured with clean water
in straight tubes in laboratories, without
gradual inflow along the line as would occur
in the field.

Country Source % of total length
of subsurface drains

which are plastic

Amount of tubing in diameter
ranges as a percent of length of

total plastic tubing used

The Netherlands Van Someren

West Germany Zolsmann
Sweden Lundbergs
United Kingdom Trafford

90

60

62

18

50-mm

75

80

85

21

65-mm

10

4

2

72

88-mm

10

6

3

2

100-mm and over

5

10

4

fEaston, B.E. 1974. Commercial use ofsmaller size corrugated plastic tubing for land drainage. Pap. No. 74-406, presented atthe 1974 Annual Meeting ofthe
Can. Soc. Agric. Eng., Quebec, Que.
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Figure 1. Chart for determining the required size of corrugated plastic drainage tubing.

AREA DRAINED

ha

TABLE II. REPRESENTATIVE VALUES OF MANNING'S n FOR SOME CORRUGATED
PLASTIC DRAIN TUBES

Drain tube

150-mm i.d. P.E. Drain Tube

100-mm i.d. P.E. Drain Tube after Irwin (1971)
80-mm i.d. Daymond Limited Spiral Corrugated P.E.
65-mm o.d., 59-mm i.d. Rehau Corrugated P.V.C.

Representative
n value

0.016

0.016

0.0167

0.014

While flow in drain tubes is not in the temperatures and practical drain
fully turbulent, rough region on the Moody installation slopes, resistance can be
diagram, it isnot rigorouslycorrect to givea characterized by a Manning'sn value. Some
single value of Manning's n. However, for characteristic values of Manning's n for
the limited range of Reynold's numbers tubing whose discharge capacities are
involved for flow of water at soil represented on Fig. 1 are given in Table II.
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MAXIMUM LENGTH OF LATERALS

The maximum areas drained with full
flow for four diameters of corrugated plastic
drain tubes have been calculated for
drainage coefficients of 9 and 12 mm/day
and hydraulic gradients of 0.1, 0.2, 0.3 and
0.5% (Tables III and IV). The maximum
length of laterals for spacings between
laterals ranging from 9 to 60 m are also
included. Studies by Chieng et al. (1975)
indicate that a design drainage coefficient of
9 mm/day is probably adequate for a large
percentage of grain and forage crops in
eastern Canada.

For reasons of topography, property
boundaries, interference with roads, utility
crossings, etc., it is seldom possible or
desirable to carry subsurface drain laterals
for lengths greater than 600 m. Therefore,
100-mm i.d. drain tube laterals are flowing
at full capacity only near the outlet end of
laterals which are laid on very small grades
and have spacings between laterals of more
than 30 m.

It can be seen from Table III that 80 and

75-mm i.d. tubing can provide drainage
rates of 9 mm/day for lengths exceeding 300
m for spacings between laterals of 24 m or
less. It will be practical to design subsurface
drainage systems where most of the laterals
are of 75 or 80-mm i.d. for their entire
length. It would also be possible to use the
smaller diameter tubing for the upstream
part of longer laterals and 100-mm i.d.
tubing at the downstream end.

When using a trenchless plow to lay any
tubing, a shoe bottom with a 90° to 120° V-
shape can provide better bedding conditions
than a circular shoe. When the shoe wears

from usage, the tube will be sitting in a
supportive wedge rather than on a flat bed.
It is desirable to have a tube guide of the
same diameter as the tubing, but for
practical reasons, the tube guide normally
used for 100-mm tubing can be used for 75-
mm tubing, provided that an attachment is
used to guide the tubing to the bottom of the
soil groove and to press some soil over the
tubing to hold it in place.

INSTALLATION AND

OBSERVATIONS OF 75-mm

TUBING

During the summer and the fall of 1975,
the authors supervised the installation of
some subsurface drainage systems in the
Ottawa region. About 160,000 m of 75-mm
i.d. tubing with and without filter wrapping
was used for drain laterals. All of the tubing
was installed with a trenchless drain-laying
plow with a laser grade control system. The
grade of the tubing, bedding around the
tubing, and shape of tubing were checked for
many leterals. The grade control and
bedding were excellent, as good as any 100-
mm tubing installation.

The quality of installation of 75 mm was
found to be equivalent to that of larger
diameter tubing installed by the same
machine in the same soil conditions.

17



TABLE III. MAXIMUM AREAS DRAINED AND MAXIMUM LENGTHS OF LATERALS FOR SELECTED SLOPES, LATERAL SPACINGS
AND CORRUGATED PLASTIC DRAIN TUBE SIZES FOR A DRAINAGE COEFFICIENT OF 9 mm/day

Inside diam:

Representative
Manning's n:

Hydraulic
gradient (%):

Maximum area

drained (ha):

Lateral

spacing (m)

9

12

15

18

24

30

40

5C

60

100 mm

0.016

0.1 0.2 0.3 0.5

1.27 1.80 2.20 2.85

1,411

1,058

847

706

529

423

317

254

212

2,000

1,500

1,200

1,000

750

600

450

360

300

2,444

1,833

1,467

1,222

917

733

550

440

367

3,167

2,375

1,900

1,583

1,188

950

713

570

475

80 mm 75 mm

0.0167 0.0167

0.1 0.2 0.3 0.5 0.1 0.2 0.3 0.5

0.67 0.95 1.16 1.50 0.57 0.80 0.98 1.27

Lateral length (m)

744 1,056

558 792

447

372

279

223

618

134

112

633

528

396

317

238

190

158

1,289 1,667

967 1,250

773 1,000

644

483

387

290

232

193

833

625

500

375

300

250

633 889 1,089 1,411

475 667 867 1,058

380 533 653 847

317 444 544 706

238 333 408 592

190 267 327 423

143 200 245 318

114 160 196 254

95 133 163 212

59 mm

0.014

0.1 0.2 0.3 0.5

0.36 0.50 0.62 0.80

400 567 689 889

300 425 517 667

240 340 4)3 533

200 283 344 444

150 213 258 333

120 170 207 267

90 128 155 200

72 102 124 160

60 85 103 133

TABLE IV. MAXIMUM AREAS DRAINED AND MAXIMUM LENGTHS OF LATERALS FOR SELECTED SLOPES, LATERAL SPACINGS
AND CORRUGATED DRAIN TUBE SIZES FOR A DRAINAGE COEFFICIENT OF 12 mm/day

Inside diam:

Representative
Manning's n:

Hydraulic
gradient (%):

100 mm

0.016

0.1 0.2 0.3 0.5

Maximum area

drained (ha): 0.95 1.36 1.65 2.14

80 mm

0.0167

0.1 0.2 0.3 0.5

0.50 0.71 0.87 1.13

75 mm 59 mm

0.0167 0.014

0.1 0.2 0.3 0.5 0.1 0.2 0.3 0.5

0.43 0.60 0.74 0.95 0.27 0.38 0.46 0.60

Lateral

spacing (m) Lateral length (m)

9 1,056 1,511 1,833 2,377 566 789 967 1,256 478 667 822 1,056 300 422 511 667

12 791 1,133 1,375 1,783 417 592 725 942 358 500 617 729 225 317 383 500

15 633 906 1,100 1,427 333 473 580 753 287 400 493 633 180 253 307 400

18 528 756 917 1,189 278 394 483 628 239 333 411 528 150 211 256 333

24 396 567 688 892 208 296 363 471 179 250 308 396 113 158 192 250

30 317 453 550 713 167 237 298 377 143 200 247 317 90 127 153 200

40 238 340 413 535 125 178 218 283 108 150 185 238 68 95 115 150

50 190 272 330 428 100 142 174 226 86 120 148 190 54 76 92 120

60 158 227 275 357 83 118 145 188 72 100 123 158 45 63 77 100

Some concern has been raised about the

use of the 75-mm tubing in unstable sandy
soils. In a sandy soil which required filter
materials around the drain tubing, 16 lines
of 75- and 100-mm laterals were installed in

1975. The spacing between laterals was 22
m. All tubing was factory-wrapped with

18

filter materials. Each drain line was installed

with a separate outlet to facilitate flow
evaluation. Field inspection during and
following installation indicated no
difference in the quality of installation. Both
sizes of tubing have given the same
performance since the time of installation.

All the fields were readyf&rwiiiiwlion early
in the spring of 1976, and no wet spots or
uneven drainage were observed. The
discharge rates from the drains were the
same. No sediment was observed deposited
in the tubes or flowing out at the outlets.
Inspection of other fields where 75-mm
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tubing was used showed that it attained the
expected performance.

RECOMMENDED INSTALLATION
PRACTICES

Users of 75-mm (as with other sizes of
drain tubing) should be aware of the
following:
1. For installations in rough and stoney

ground, the speed of the drain-laying
plow has to be lower than the speed used
in normal practice to avoid sudden
changes in grade which result in local
reverse grades which may reduce the
overall flow capacity of the tubing. This
is more serious for 75-mm than for 100-
mm tubing.

2. For the same reasons as in item 1,
minimum grades of no less than 0.15%,
and when possible grades of 0.2% or
more, are recommended.

3. The 75-mm tubing should not be used as
a collector at any time to avoid exceeding
the hydraulic capacity.

4. In soils with patches of sand, where fine
particles may enter the drain and reduce
its capacity, the tube must be wrapped
with a suitable filter material.

5. The maximum length of the lateral
tubing will be shorter than when 100-mm
tubing is used. The main factors reducing
the maximum length are the grade, the
spacing and the drainage coefficient. The
maximum length for 75- and 100-mm
tubing for a variety of spacings and
drainage coefficients of 9 and 12mm/day
are presented in Tables III and IV. It can
be seen from the tables that laterals can

be more than 1500 m long for 12-m

spacings and a grade of 0.30%. One
should notice that the real advantage of
using the 75-mm tubing is in the intensive
drainage systems, i.e. those with the
narrower spacings. In the majority of
farms, topography and property or field
boundaries will restrict laterals to less

than 600-m lengths.

SUMMARY AND CONCLUSION

Hydraulic capacity data for corrugated
plastic drain tubes from 59 to 100 mm inside
diameter have been given. Tables III and IV
give the maximum lengths of laterals for a
practical range of hydraulic gradients,
spacing between laterals and drainage
coefficients.

It has been shown that there is a definite

place for drain tubing as small as 75 mm i.d.,
with materials savings of about 25% when
compared to 100-mm i.d. tubing.

Drain tubing as small as 45-mm i.d. is
extensively used in Europe. For Canadian
conditions, tubing smaller than 75-mm i.d.
would only be practical for upstream
sections of laterals which have 75- or 100-
mm tubing at the downstream end. More
installation experience needs to be achieved
with 75-mm i.d. tubing before smaller sizes
are recommended for Canadian use.

Seventy-five-mm diam plastic drain
tubing can be used successfully for drain
laterals with soil drainage effects equivalent
to the traditional 100-mm diam tubing. The
use of 75-mm diam tubing can result in
definite economic savings, easier handling,
storage and transportation. It is particularly
advantageous on land with high grades and
in soils with lower hydraulic conductivities
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where smaller spacings are used. During
installation, care in grade control has to be
exercised, especially with the grades less
than 0.25%. Awareness of the limitations of
75-mm tubing (as with other sizes) is
necessary to avoid exceeding of the
hydraulic capacity.
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