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Developments in subsurface
drainage techniques

Introduction

Subsurface drainage is the technique of control-
ling the watertable by means of almost horizontal
systems of open-jointed or perforated pipes in-
stalled at a certain depth in the ground or by
‘mole’ drains, which are unlined circular channels
constructed in the ground. Water flow in these
artificial channels occurs by gravity.

The term subsurface drainage is used to differen-
tiate it from surface drainage, which is the re-
moval of excess water by shaping the land so as
to make the water flow over the surface to fur-
rows, ditches, or waterways. Ditches can also, to
a certain extent, serve to control the watertable,
but their use for this purpose is being superseded
by underground drains because of such disad-
vantages as loss of land, hindrance for farming
operations and overland traffic, and heavy main-
tenance requirements due to prolific weed growth
or instability of banks. Their use is nowadays
mostly restricted to the disposal and transport of
water, and sometimes to its storage.

Subsurface drainage systems were first applied
on a large scale in the temperate zones of the
world, especially in North America, Europe, and
the Soviet Union. In the last decades the tech-
nique has also been introduced in arid and semi-
arid zones, in combination with the introduction
or improvement of irrigated agriculture.

In Europe, until some 25 years ago, drains were

laid exclusively by hand. The pipes used were
short clay ware or concrete pipes. A narrow trench
was dug, accurate to the required depth and
grade (Figure 1), the last few centimetres of soil
being removed with a gutter-shaped scoop to
form a proper bedding for the pipes.
To avoid soil disturbance around the pipes, a
man would stand beside the trench and use a
hook with a long handle to lay the pipes.
Drain installation by hand required 230 to 300
manhours per 1000 m of drain and was thus very
labour intensive. It is therefore not surprising that
efforts were made to mechanize the installation
of subsurface drains. Drain installation was first
mechanized in the U.S.A. in the 1920’s, but it
was not until the 1950°s that it was introduced in
Europe.
The mechanization of drain pipe laying in The
Netherlands was greatly promoted by a number
of factors:
- the large expansion of new agricultural areas to
be drained
- the need for larger field sizes and better traffica-
bility required by the modernization of agriculture
in areas poorly drained by ditches and furrows
- the steady increase of wages and the growing
scarcity of experienced labour.
The introduction of machines for pipe drain in-
stallation led to the appearance of specialized
drainage contractors, working on a price per unit
basis and therefore keen to further improve the
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technigue. We shall now briefly review these de-
velopments that took place in the last 25 years.

Drainage machines

Trencher drainage machines

The first drainage machine to be used success-
fully in The Netherlands was a Buckeye imported
from the U.S.A. in 1954. It had an open digging
wheel with scoops and a trench box with a shoe
to shape the trench bottom. The pipes slid down
a chute and were laid in position by a man stand-
ing on the machine or walking alongside. The
trench was thus excavated entirely by the ma-
chine, but pipe laying was still largely manual.
The application of cover material, if used, was a
separate operation. With the machine an average

Figure 2.

Early model drainage machine (1958) using
digging chain with knives (van den Ende).
(By courtesy of Government Service for
Land and Water Use).

Figure 1.

Subsurface drain installation by hand (1952).
(By courtesy of Government Service for Land
and Water Use).

capacity of 140 m drain per hour could be
obtained.

In the mid-fifties some Howard digging wheel
machines, imported from Britain, were also used.
The chute was constructed in such a way that the
pipes automatically slid into position as the ma-
chine moved forward. With these machines,
which were smaller than the Buckeye, an average
of 70 m drain per hour could be obtained. Their
depth range, however, was not entirely adequate
for Dutch conditions,

The first drainage machines manufactured in The
Netherlands were built onto a farm tractor
(Figure 2).

As experience was gained with these machines, it
was found that they could excavate the trench
and lay the pipes with as much accuracy as pipes

laid by hand.

Within the next few years various improvements

were incorporated (Figure 3):

- the digging wheel was replaced by a digging
chain with knives, which allowed a lighter and
more compact construction of the machine and
resulted in higher laying capacities

- a hydraulic control system was applied to reg-
ulate the digging depth

- the machine was no longer built on to a tractor,
but on a special frame provided with long and
wide tracks.

By 1958, some 80 drainage machines were in use

in The Netherlands. When clay tiles were laid by

these machines at the usual depth of 1.2 m and
the usual trench width of 20 to 25 cm, capacities
of 250 to 300 m per hour were normal. A crew of




Figure 3. .
Drainage machine installing smooth plastic pipe 3
wrapped on the machine with peat litter band,
1967 (Draientie). Flat digging chain type, see
alsa Figure 4a. (By courtesy of Government
Service for Land and Water Use).

7 men was required for this operation so that the
labour input was 25 to 30 manhours per 1000 m
drain. These machines can be characterized as
‘flat’ digging chain type; they have the trench
box connected to the machine frame by a paral-
lelogram construction (Figure 4a).

With this system the angle of the digging beam
varies according to the working depth. These ma-
chines are most efficient at working depths of up
to 1.4 m in soft soils, which are the predominant
conditions in The Netherlands.

The success of the drainage machines in The
Netherlands led manufacturers to build machines
for export as well. This greatly stimulated the
adaptation of the machines for a wide range of
working conditions: hard and stony soils, work-
ing depths of up to 2.5 m for arid irrigated lands,
and the application of a gravel pack around the
drain pipe. This led to the development of 'steep’
digging chain type machines (Figures 4b and 5),
which have the trench box connected to the ma- ; _
chine chassis by an intermediate frame. - 3 machine with 'flat’ digging chain
While trenching, the digging beam is at an ap-
proximately constant angle of 60" with the hori-
zontal, irrespective of working depth. Other adap-
tations consisted of increased engine power up
to 200 hp, adjustable width between the tracks
(narrow for transport, wide for digging), and the
track frames flexibly connected to the machine
chassis for movement over uneven ground.

Figure 4.

Two main types of trencher drainage machines.
Principle of depth regulation: while trenching,
the shoe rests on trench bottom and the lifting
cylinders A are in float position; depth is regu-
lated by expanding or retracting cylinders B.

machine with ‘steep’ digging chain



Trenchless drainage machines
An entirely different development is the trench-
less drainage machine, also called drain plough.

Trenchless drainage evolved from mole drainage,
which is another form of subsurface drainage, al-

though one not practised in The Netherlands.
Mole drains are circular channels pulled in the
soil by a mole plough. This technique is widely
applied in heavy clay soils with a low hydraulic
conductivity as, for example, in the United King-
dom (BAILEY 1979).

The invention of flexible drain pipe (which will
be described later) made it possible to use the
mole plough principle for pipe laying. With the
trenchless machine a hollow blade is pulled
through the ground and the drain pipe is auided

174

into position through the blade. Several makes of
trenchless machines are used in Europe, north-
eastern U.S.A. and Canada. The blade is manu-
factured as an attachment to a heavy crawler trac-
tor of as an integral part of the drainage machine
(Figure 6). On most types the working depth does
not exceed 1.5 m.

The shape of the blade has been much improved
in recent years. It is generally curved forward
with a flat front so as to lift up the soil rather than
push it aside, in order to create the space needed
for the drain pipe and to reduce the traction re-
quired to pull the blade through the ground. The
main advantage of the trenchless technique lies in
its greater working speed and less wear and tear
(fewer moving parts in the ground), and con-

Figure 5.

Laser equipped drainage machine installing cor-
rugated PE pipe, 1977 (U.S.A.). Steep digging
chain type, see also Figure 4b. (By courtesy of
Steenbergen Hollanddrain).

sequently a lower cost per metre of draininstalled.
Trenchless machines require a relatively dry top-
soil for the crawler tracks to find enough grip to
develop the high traction power to pull the blade
through the ground. This requirement may limit
the suitable working period for the trenchless
machines. Some machines are equipped with
winch traction to reduce slip.

The functioning of drains installed with the
trenchless technique depends very much on the
changes in soil structure brought about by the
passing of the blade. Above a certain critical
depth, heaving and fissuring of the soil takes
place, but below that depth, deformation or
compaction will occur. This may reduce the
hydraulic conductivity of the soil in the vicinity of
the drain pipe and hamper the entry of water. Fur-
ther, because of the speed of installation, depth
and grade control appears to be still a weak point,
It is not yet clear under which conditions trench-
less drainage is more favourable than drainage
with a trenching machine (SPOOR 1979: REEVE
1979; NAARDING 1979; EGGELSMAN 1979;
OLESON 1979; CROS et al. 1979).

Depth and grade control

The depth and grade of the drains laid by ma-
chine was initially controlled by means of sight-
ing targets installed before the drain- laying oper-
ation was performed. The machine operator kept
a sighting bar on the machine in line with the



targets by moving the depth control switch as
required.

In recent years, an automatic depth control sys-
tem that makes use of a laser light beam has been
introduced. This laser system, developed in the
U.S.A., consists of a command post mounted on
a tripod in the field and a receiver and control
unit mounted on the machine. The command
post emits a laser beam which is rotated in a
plane that can be tilted according to the required
drain gradient (STUDEBAKER 1971). When the
laser beam hits the receiver unit at too low a
point, the solenoid valve of the depth regulating

cylinder is automatically actuated to make the
machine dig deeper; when the beam hits at too
high a point, the machine digs shallower.

With fast working trenchless machines, it may
happen that the great inertia and friction forces
cause a considerable delay between the signal of
the receiver and the subsequent depth correction
by the machine. This may lead to inaccurate drain
gradients and even counter slopes. The result
may be air entrapment in the drain pipe, causing
it to function poorly. So far this phenomenon has
received little attention and requires further
investigation.

Developments in subsurface drainage techniques

Drain pipes

Apart from the technical development of the drain-
age machines, the introduction of entirely new
drainage materials has also contributed greatly to
simplifying drainage operations, increasing in-
stallation capacities, and reducing costs. Whereas
25 years ago all subsurface drains in The Nether-
lands were made of either clay or concrete, these
materials have now almost entirely been super-
seded by plastic.

The first experiments with thin-walled smooth
plastic pipes started in 1959. They were of rigid
polyvinylchloride with perforations in the form of
longitudinal saw splits. Considerable research
was done on required wall thickness, area of per-
forations, entry resistance for the flow of water
into the pipes, and hydraulic capacity. The pipes
were first applied in land drainage projects in
1960, and their use increased rapidly in subse-
quent years (van SOMEREN 1965, Figure 7).
Their main advantage was the low weight per
unit length, which greatly reduced the transport
costs to the field and made transport in the field
largely unnecessary because sufficient 6 m lengths
of pipe for an entire drain line could be carried on
the machine (see Figure 3). The simplified pipe
handling meant that the machine crew could be
reduced by two men, thereby lowering installa-
tion costs,

Since 1967 the smooth-walled plastic pipe has

Figure 6.
Trenchless drainage machine, 1978 (U.S.A.).
(By courtesy of Barth Holland).
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gradually been replaced by corrugated PVC pipe.
The corrugated form of the wall makes this pipe
more resistant to deformation for the same quan-
tity of PVC material, yet it remains flexible, which
is a great advantage for pipe laying by machine.
The corrugated PVC pipe, which has small per-
forations in the valleys of the corrugations, is man-
ufactured in a series of diameters, ranging from
50 to 200 mm and is delivered in coils of different
lengths. Individual lengths of corrugated pipe are
joined by means of connecting sleeves of a screw
type or with a few hooks that click behind the
corrugations of two pipe ends, so that a strong
connection can be made.
The introduction of corrugated plastic pipe has
virtually eliminated the possibility of too open
joints and misalignment of pipes. Installation by
machine is very straightforward. Coils of the
smaller-diameter pipe are usually carried on a reel
on the machine and wound off as installation
proceeds (see also Figure 12). The larger diam-
eters are mostly laid out on the field and guided
through the machine (see Figure 5). in The
Netherlands, with a crew of 3 or 4 men, instal-
lation rates of about 600 m pipe per hour have
become normal, resulting in a labour input of 4 to
7 manhours per 1000 m of drain.
In the U.S.A. plastic drain pipes are mostly of po-
lyethylene (PE) instead of polyvinylchloride
(PVC), largely because of the lower price and the
ample availability of the raw material for PE in the
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Figure 7.
Subsurface field drainage installed in The
Netherlands, period 1958-1976.

early stages of development. Polyethylene

‘has the advantage of preserving its quality at low

temperatures, whereas PVC tends to get brittle
and must be very carefully handled when tem-
peratures are below 0°C. A disadvantage of PE is
that it has less stiffness than PVC so that it may
Jose its resistance to deformation when under
pressure, especially in hot weather and when
subjected to longitudinal stress. To minimize
stretch of the pipe during installation some ma-
chines in the U.S A,, are fitted with a power feed
mechanism to push the pipe into the pipe guide
at the appropriate speed (JOHNSTON 1979).

Envelope materials

In the early subsurface drainage projects in Eu-
rope, the drains were often covered with a layer
of organic materials to facilitate the inflow of
groundwater and to prevent soil particles of the
loose trench backfill from entering the pipes. The
traditional materials used were sieved fibrous
peat, wood chips, sawdust, straw from cereal
crops, and heather bushes. The handling of these
materials, however, was laborious, and the ma-
terials were not always available in the quantities
required.

In its early days mechanical installation of drain
pipes was not always successful, even though
the drains were covered with the traditional ma-
terials. The poor results obtained were due to

working under too wet soil conditions, installing
drain pipes in new areas of unstable soils where
no previous experience existed, and using plastic
pipes whose outer diameter was small compared
with that of the usual clay pipes. These problems
initiated large-scale investigations in the labo-
ratory, using model tanks, and in the field, mak-
ing experiments with new organic and synthetic
materials.

With the progressing mechanization of drainage
work a search began for materials that could be
produced in band form. A roll of such band could
be carried on the machine and placed over the
pipe during installation (see Figure 3). The first
bands produced were made of the traditional or-
ganic materials: fibrous peat, flax straw, and later
also coconut fibre. In the early sixties, a thin non-
woven glass fibre sheeting was widely used. It
was economical, and could easily be handled on
the machine, to cover or even surround the pipes.
Nowadays, however, its use is no longer recom-
mended, except in some light-textured soils, as it
tends to get clogged with fine soil particles and is
very sensitive to choking by chemical or bacte-
riological deposits of iron compounds.

After the introduction of the corrugated plastic
drain pipe, a technique was developed to pre-
wrap these pipes with an envelope material in the
factory. Prewrapping not only means great
handling efficiency — the prewrapped pipe is
coiled and installed through the machine in the
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applied in practice. The trenchless technique
needs further perfection, especially with regard to
grade control and functioning of the drains. Also
the search for new envelope materials needs to
be continued. '

Nevertheless, it is also clear that subsurface drai-
nage techniques are now available for a wide
range of very different conditions. Nor is there any
doubt about the need for drainage. FAO (1977),
(see also DIELEMAN 1979) estimated that 52
million hectares of irrigated land in developing
countries need to be drained in the 1975-1990
period and that some 26 million hectares of rain-
fed land will profit from the improvement or in-
troduction of drainage. The total cost is estimated
at US $ 14,000 million.

In the coming decades, the technique of subsur-
face drainage will have a vital role to play in in-
creasing and restoring the productivity of agricul-
tural land. In arid regions, it will constitute a key
factor in the long-term viability of irrigated
agriculture.
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