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SUMMARY 
After a description of drainage circumstances and the possibilities of mole drainage, 

follows a review of the experiences with plastic drainage in The Netherlands. 
Polyethylene tubes are pulled behind a mole plow from the ditch side into the sub­

soil, plastic strips are laid with a specially designed mole plow and plastic pipes are in­
stalled with a conventional machine for tile drainage. 

Besides field experiments there are made sand tank investigations about deformation, 
sand infiltration and discharge of plastic strips and in the case of plastic pipes a comparison 
is made about drainage results between different perforated plastic pipes and normal tile 
drains. 

1 INTRODUCTION 
During the last years the use of plastic materials for subdrainage has been 

investigated in various countries. Works on this subject of JANERT (1) in Eastern 
Germany and BUSCH (2) in the USA are well-known. 

To reduce the cost of subsurface drainage and to mechanize the execution 
of the drainage works in The Netherlands, polyethylene tube and rigid p.v.c. 
strips and pipes are used. In this report is a review of the investigations and 
installation methods of plastic drains. 

Tn order to compare these methods with those in other countries it is first 
of all necessary to have a good notion of the drainage-circumstances in The 
Netherlands. 

2 DRAINAGE-CIRCUMSTANCES 

a Drainage systems 
There are two main groups in which we can divide the drainage systems, 

groundwater-drainage and heavy land drainage. In the case of groundwater-
drainage the tiles have the function of lowering the water table. In a homo­
geneous soil with an impervious stratum at great depth the greater part of 
the flow of water is below drainlevel. In heavy soils with a slight permea­
bility the backfill in the drain ditches will often have a relatively great con­
ductivity, so that the rainfall is mainly discharged through the mould directly 
to the ditches, whereby we get a flow pattern quite different from the above 
mentioned. 

Heavy soils accompanied by sloping land usually have a deep groundwater 
level, and especially in these soils mole-drainage is applied with success. In 
flat areas and slight permeable soils tile-drainage removes rainfall partially as 
groundwater and partially as surface water through the drain ditches. 

The drainage area in The Netherlands embraces almost only slightly sloping 
regions or no slopes at all and at any rate the subsurface-drains lie in ground­
water for the greater part of the year. Moreover, the subsoil mostly consists 
of silty loam or fine sand. 

!) Received for publication August 23, 1960. 
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Deterioration of mole-drains in these circumstances may be expected, as the 
most important factors to get a stable mole-channel are heavy clay soil and 
a deep groundwater table. 

Improved mole-drainage by adding or inserting material gives the best pos­
sibilities to constitute subsurface drainage at low cost. In the Dutch soils, 
however, the added materials must give a sufficient stability starting from 
the fact that the mole-channel is not stable. 

On the other hand the operation of excavating and refilling the ditch with 
permeable material has hydraulic advantages over the small blade-slit of the 
mole drain, especially in heavy soils. 

b The cost of tile-drainage 
In Holland the initial cost of a mechanized installation for clay tile drainage, 

without covering the tiles with peat, are about ƒ 0,90 to ƒ 1,— per metre, 
consisting of ƒ 0,30 to ƒ 0,40 for the purchase of clay tiles and ƒ 0,50 to ƒ 0,60 
for labour and equipment. The average output of a drainage-machine is about 
200 metres an hour, in which is calculated the time lost on account of repairs, 
transport, unfavourable weather etc. 

In The Netherlands clay tiles are of a very good quality and suitable for 
being automatically laid by the machine. 

For these reasons it is not easy to invent a new drainage system which is 
less expensive and which has a drainage performance as good as the con­
ventional tile-drainage. However, the machine laying tile drainage requires 
much hand-labour for transport, distribution and laying tiles and even more 
is needed when peat is used for covering the tiles. 

3 PLASTIC TUBES 

In 1956 first investigations were made with pulling into the soil a poly­
ethylene tube behind the mole-plow. A tube with a length of 200 m was pulled 
from the ditch side into the subsoil at a depth of 0.90 m. The inner and 
outer diameter were respectively 40 and 45 mm. The tube was perforated 
with saw-slits perpendicular to the axis spaced at intervals of 0,5 cm, so that 
the water could enter. 

Width of the slits was 0,075 cm, length inside 0,5 cm and outside 1,5 cm. 
The trial was done in a marine deposit consisting of silty loam. 

Although the water level was above the drains during a long time the dis­
charge by the plastic tubes was very low in comparison with the tile drains 
in the same conditions. About the failure of these drains two suppositions 
were made. 

First, compression of the soil by pulling the mole drains, which causes a 
less pervious layer around the channel. It was calculated by WESSELING (3) 
that a 50% decrease of the hydraulic conductivity with relation to the sur­
rounding soil causes a decrease in drain discharge of 30%. In the second place 
it was supposed that the slits were clogged by silt when pulling the tube 
into the mole-channel. 

The plastic tube of polyethylene is expensive compared with the total cost 
of conventional tile-drainage. This was the main reason why further field-
researches into this type of plasticdrainage has not been made. 
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4 PLASTIC STRIP 
a Field experiments 

To reduce the cost of subsurface drainage the most favourable conditions 
are acquired by using plastic strip in combination with mole-drainage. Besides 
the simple method of drainage, plastic strip has much advantage when it is 
transported, due to the slight bulk and weight of this material. Therefore it 
is easily understood why in several countries this principle is developed at 
approximately the same time. Different methods with respect to this subject 
are described by JANERT (1), BUSCH (2) and JUUSELA (4). 

The first plastic lined mole-channels were installed in the Netherlands in 
1957. This operation was performed in a marine deposit consisting of silty 
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FIG. 1 CROSS SECTIONS OF PLASTIC STRIPS, 0,20, 0,30, 0,35 AND 0,40 mm THICK. ON THE 
LEFT SIDE : IMMEDIATELY AFTER INSTALLATION. ON THE RIGHT SIDE : DEFORMATION 
AND SAND INFILTRATION AFTER THE WATER TABLE HAD RAISED TO THE STATED LEVEL. 
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loam soil at a time when the groundwatertable was low. The strip, 16 cm 
wide and 0,20 mm thick, was put into the soil by a specially designed mole-
plough at a depth of about 0,80 m. Immediately behind the mole blade there 
was a second hollow blade, in which the strip was led down. At the bottom 
the strip was bent rectangular and afterwards in the mole channel transformed 
to a continuous tube by a specially constructed funnel. The shape of such a 
tube is shown in figure 1 ; here the overlapping edges of about 1 cm were 
at the sidewalls. The diameter of the tube was about 4,8 cm. Water should 
enter the tube by a longitudinal gap at the overlapping. 

Two months later, after the watertable had raised above drain-level, it was 
found, by digging up the drains, that the plastic strips were completely 
pressed together. In consequence of this experience we made a systematic 
research about thickness and perforations of plastic strips with respect to 
deformation and discharge. 

A sand tank was used for making rapid comparisons between various types 
of strips. 

b Sand tank research 
The sand tank for drainage investigations, which is shown in figure 2, mea­

sures 1.20 m high, 2 m between side walls and 1 m wide. The length 
of the drain which is to be tested is also 1 m. Over the tank are two sprinkler 

FIG. 2 SAND TANK WITH SPRINKLER INSTALLATIONS AND PIEZOMETERS. 
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DISCHARGE IN cm'/minuul 

FIG. 3 HYDRAULIC HEAD AND DRAIN DISCHARGE OF PLASTIC STRIPS AND TILE DRAINS. 

installations, giving an equally distributed rainfall of respectively 46 and 6 mm 
an hour. 

The tank was filled to a height of 0.90 m with sand, which had an uniform 
size distribution and a hydraulic conductivity of 8 m/day. 

Drains were put in 0.40 m above the bottom of the tank, so 0.50 m below 
the sand surface. In a row perpendicular to the drain, piezometers were placed 
at distances of 50 cm (on each side), 20 cm and 10 cm. In front of the tank 
drain discharge could be measured with a calibrated vessel ; at the back the 
drain was closed by a glass plug, which allowed observation of the inside 
during the test. In general, observations were made about drain discharge 
with accessory hydraulic heads, sand infiltration and also deformation at the 
plastic strip. To imitate field conditions as far as possible the plastic strip 
was attached to a mole-spindle which was pulled through the sand-filled tank 
by means of a steel wire and winch. 

Strips 16 cm wide and 0,20, 0,30, 0,35 and 0,40 mm thick were examined. 
After the drains had been installed, the watertable was raised by sprink­

ling. Dependent on the thickness, the plastic strip was rolled up when the 
waterlevel raised above the tube. Sand infiltration was found in the 0,20 mm 
strip and in lessening degree also in the 0,30 and 0,35 mm strips. 

Figure 1 shows cross sections of the plastic tubes before and after the tests, 
as well as the amounts of sand deposit. The strips gradually rolled up at in­
creasing waterlevel. In figure 1 we give the highest observed waterlevels in 
the piezometer, 10 cm from the drain. By lowering the watertable the tubes 
did not come back in their original position. Several tests were made with 
the same type of strip with approximately similar results. 
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In order to lower the hydraulic head at a fixed discharge above the drain, 
the strips were perforated with circular gaps of 1 mm diameter. The number 
of perforations varied from 50 to 200 per metre. Perforation of the strip gave 
a better drainage performance, as is shown in figure 3. In figure 3 we give 
the relation between the waterlevel above the lower side of the drain at 
10 cm distance and the drain discharge. To compare it with conventional 
drainage the same relation is determined for clay tiles, with a 5 cm inner 
diameter. Obviously, with respect to a tile-drain the flow of water into a 
plastic lined drain has to overcome a much larger resistance. 

With respect to the above mentioned results it may be stated that under 
field conditions plastic strips 0,20 and 0,30 mm thick are not suitable for 
lining mole channels. 

The 0,40 mm strip is rather good, but it is not quite impossible that after 
some time this strip will collapse somewhere. 

Therefore it is recommendable to fasten the edges of the strip and, to lower 
the hydraulic head, perforate the strip. 

Investigations in this way have not yet been made until now. 

5 PLASTIC PIPES 

a Why plastic pipes ? 
In chapter 2 it has been pointed out that for a good drainage system it is 

desirable to dig a trench in order to have permeable soil around the drain. 
The same result may be reached by using a type of mole-plow which lifts 
up the soil. 

In that case a heavy mole-plow requiring high tractive power should be 
available. In view of the cost of the plastic strip for lining the mole channel 
and because of the smaller drain distance, a much higher output of the drain-
age equipment is necessary for lowering the total drainage cost per acre. In 
flat areas where an accuracy of 1—2 cm in drain slope is demanded, a high 
quickness is only possible by an automatical adjustment of depth. At the pre­
sent, however, such a system for drainage work is not available. 

For these reasons a draininstallation with rigid plastic pipes is developed 
at the moment. Pipes 6 m long are carried on the drainmachine, which is 
the same as used for laying clay tiles. At one side the pipes are widened, by 
which it is possible to fasten the separated pipes on the machine in an easy 
way. The pipes are bended and led into the machine so that it reaches the bot­
tom of the ditch inside the plates which are at the back of the ditching ap­
paratus (figure 4). The machine is operated by only two men and compared 
with conventional installation methods about five men can be saved. In spite 
of the higher material cost, ƒ 0,50/m for plastic pipes to ƒ 0,30/m for clay 
tiles, the total installation cost are about the same. 

The most important advantage of this type of drainage is its high degree 
of mechanization leading to an increase in labour-productivity. Cost of trans­
port are negligible in comparison with ordinary tiles. A 4 cm diameter pipe 
with a wall-thickness of 0,8 mm weighs 140 gr per metre. 

At the present the machine operates at normal speeds of about 300—400 
metres an hour. It is reasonable to suppose that with plastic pipes it is pos-
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FIG. 4 MACHINE LAYING PLASTIC PIPES. 

sible to work at higher speeds. For the speed of the machine is not dependent 
on the supply of material and adjustment of the tiles after laying. Moreover 
it may be expected that, when plastic drainage is in general use, special 
machines for laying plastic pipes will be constructed, whereby it is possible 
to reduce the width of the trench from 25 cm to about 10 cm. For general 
use it is important to bear in mind that with respect to plastic lined mole 
channels drainage with rigid plastic pipes gives more security against collaps­
ing and clogging of the drain. 

b Investigations on perforation of plastic pipes 
The basic problem to investigate was, how to perforate the plastic pipes, 

so that they have a drainage performance as good as a tile drain. Therefore 
the pipes were examined in the same sand tank model as described at the 
investigations of the plastic strip. Plastic pipes with different diameters and 
perforations were put into the tank and laid in a trench. 

The examined drain-length was 1 m. The water supply was regulated by 
the sprinkling installation over the tank, giving an equally distributed rain­
fall. The different plastic pipes were compared with each other and with 
clay tiles by measuring groundwatertable and drain discharge at the same 
time. During the observation steady conditions were approximately reached. 

A good insight of the efficiency of a particular drain can also be formed 
by observing the control, which the drain exercises on the performance and 
by comparing this with conventional tiles. The tested plastic pipes differed in 
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diameter and length and number of longitudinal slits ; in cases of tile tests 
there were three joints inside the sand tank. The tiles had a length of 30.5 cm 
and an inner- and outer diameter of respectively 5 and 7.5 cm. 

The total area of perforations per metre was limited for practical reasons. 
To obviate fracturing the pipe when it is bent in the drainmachine the slits 
must be placed longitudinal on the walls. Long slits are closed much easier 
by soil pressure than short ones ; for technical reasons the shortest possible 
slits to saw were 2—2.5 cm long. In order to prevent the entrance of soil-
particles in the drain the width of the slit may not be too large ; for the 
moment it was fixed on 0.6 mm, because with slits larger than 0.7 mm silting 
up was found at the tank experiments. To preserve the strength of the pipe 
the area of perforations was restricted to 9 cm2/m, so 60 slits per metre and 
the perforations equally distributed on the circumference. 

For laterals 5 cm inner diameter clay tiles are in common use ; this dia­
meter is amply sufficient by a mean discharge of 20 1/min and 0.10% grade. 
Due to the lower hydraulic roughness of the plastic pipe it is possible to 
use 4 cm diameter plastic drains for almost any length of laterals which are 
found in the field. In The Netherlands most laterals have a length of 100— 
200 m, a mutual distance of 8—20 m calculated with a run-off modulus of 
7 mm/day. 

For calculating the drainage performance under field conditions the parti­
cular drains were characterized by determining the loss of hydraulic head 
caused by the resistance of the flow at the entry point (entry resistance). The 
flow of water in the vicinity of the drain can be divided in radial flow and 
entry flow. The beginning of the radial flow is given by HOOGHOUDT (5) at a 
distance 0.7 D (D is depth impermeable layer beneath drain level), it is also 
about the boundary between horizontal and radial flow. In the case of this 
sand model the total hydraulic head for radial- and entry resistance was 
represented by the waterlevel at about 30 cm distance from the drain (D = 
0.40 m). This waterlevel minus the calculated hydraulic head for radial flow 
gives the head the entry resistance (Ah. ) to overcome. 

Hydraulic heads for radial (Ahr ) and entry flow (Ahx ) are determined by 
the following equations of ERNST (6) (7) : 

Ahr = -SL In D/u and Ahx = a^-
7i k k 

where : k = permeability (m/day) 

Q = drain discharge per m drain (m2/day) 

D = height of installation above underlying impermeable layer (m) 
u = wet surface (m) 

a — coefficient. 

Coefficient a, calculated for any separate drain, appeared to be a constant, 
independent of the quantity of discharge. 
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FIG. 5 INFLUENCE OF PERFORATION AREA ON ENTRY RESISTANCE, AS DEFINED BY 
COEFFICIENT <J. 

With this coefficient the drainage performance of each pipe can also be 
defined. 

Figure 5 shows the magnitude of a (ordinate) dependent on the total area 
of perforations in cm2/m (abcis). The correlation coefficient is 0.77. 

Coefficient a for clay tiles is 0.9—1.0, which agrees with a perforation area 
of 15 cm2 per m. Unfortunately this area could not be measured exactly, 
but it is hardly to believe that there was 2 mm joint distance between the 
tiles. 

It may be explained by supposing a change from laminar to turbulent flow 
in the vicinity of the drain when the draindiameter decreases. 

c Field experiments 
When the tank experiment was over, 5 cm plastic pipes were laid in dif­

ferent soils and compared with tile drains under the same conditions. These 
soils consisted of peat, clay, silty loam and sand. In measuring waterlevels 
and drain discharge during one winter, there could not be pointed out any 
reliable difference in drainage performance between plastic and tile drainage. 
Except in one case where the drains were laid in quicksand. Here the per­
formance of the plastic drains was less good than of the tile drains, probably 
due to a large discharge of water under artesian pressure and a larger entry 
resistance of the plastic pipe. That this does not happen at the other field 
experiments can be attributed to the relative better hydraulic conductivity of 
the soil in the drain ditch. 
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