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Depth, spacing and length of mole drains 
with applications to afforestation 

J. Mulqueen 
Teagasc, c/o Department of Civil Engineering, National University of Ireland, Galway 

The draught of a mole plough and the spacings of mole drains for soil loosening and 
control of the groundwater table were calculated from theory and compared with 

measured values in two gley soils with stratification. The stability of mole channels 

against loads on the soil surface was also considered. There was good agreement 

between calculated and measured values of draught and drain spacing. Maximum 

measured draughts of the mole plough were low, in the range 30 to 40 kN. Mole drain 

spacing for soil loosening and control of the watertable was similar at about 1 m 

apart; this spacing conforms with tree planting practice in rows 2 m apart. The depth 
at which mole drains are drawn should be related to the soil profile. Surcharge loads 
from machinery are unlikely to cause roof failure of mole channels in soils with 

significant friction. The results are discussed in relation to the role of mole drainage 

in the prevention of windthrow in forests on gley soils and in particular to the need 
for soil loosening for effective drainage. Practical aspects of the installation of mole 
drains on gley soils in relation to slope, mole length and stability, erosion and ageing 
of the mole channels are considered. Further research is required on the effects of 

closure of the mole channel in some soils over time on watertable control and tree 

stability. 

Keywords: Afforestation; mole drains 

Introduction 
Mole drainage is an effective and 
economical system of drainage for imper 
vious soils with high silt and clay contents 

(gley soils). These soils commonly com 

prise a permeable organic topsoil (0.15 m 

deep) overlying a thick impervious over 

consolidated subsoil high in silt and clay. 
The topsoil and subsoil have hydraulic 

conductivities of about 0.3 m/day and 
1X10"3 to 1X10"4 m/day, respec 

tively. Mole drains installed in these soils 
at the proper depth and spacing in dry 
conditions can control the watertable at 
0.3 to 0.4 m below ground surface 

(Robinson, Mulqueen and Burke, 1987). 

Gley soils comprise about 21% of the 
land area of the Republic of Ireland 

39 
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(Gardiner and Radford, 1980). They are 

mainly developed on soil parent materials 

high in silt and clay derived from shales, 

shaly sandstones and earthy limestones. 

Large blocks of these gleys are associated 
with Namurian rock formations in the 
drumlin belt and with Westphalian (Coal 

Measure) formations in Cos. Clare, Kerry 
and Limerick and the Castlecomer 
Plateau, Less extensive areas are found 

scattered throughout the country 
(Gardiner and Radford, 1980). 

Effective mole drainage improves agri 
cultural conditions through improved 
trafficability and reduced poaching, ear 

lier and more grass with minimal rush 

growth (Mulqueen and Roche, 1975), im 

proved efficiency of fertiliser and reduced 
liver fluke disease. Mole drainage practi 
cally eliminates surface run-off and nutri 

ent enrichment of surface waters (Burke, 

Mulqueen and Butler, 1974). Due to re 

form of the Common Agricultural Policy 
of the European Union and other fac 

tors, mole drainage for agriculture has 
declined to negligible quantities in recent 
times. 

Extensive afforestation is now taking 
place on these silt and clay soils. After 

rapid growth in the first 15 to 20 years 
there is widespread windthrow of the 
trees especially after thinning, due to poor 

anchorage. Mole drainage can control this 
windthrow. By controlling the watertable, 
mole drains result in deeper rooting 
(Courts and Philipson, 1978; Hendrick, 
1989), increasing the soil loading on the 
root plate. Mole drainage eliminates sat 

uration with the resulting increase of ef 
fective stress on the root plate. In satu 

rated conditions, high pore water pres 
sures are built up in the soil by the sway 
of the trees (Rodgers et al., 1995). These 

high pore water pressures lead to hy 
draulic fracture of the soil beneath the 
root plate in windy weather and result in 

windthrow. Mole drains must be installed 
before the crop is planted. 

Mechanical and Hydraulic Aspects 
of Installing Mole Drains 

There are two requirements which must 
be met in order to control the watertable 

by drainage in impervious silt and clay 
soils: (i) the drains must be installed at 
close spacings and (ii) the hydraulic con 

ductivity of the subsoil slab above the 
drains must be increased to the order of 

magnitude of that of the topsoil. 
Mole drains are installed by a mole 

plough that is drawn through the soil by a 

heavy duty wheeled or tracked tractor. A 
mole plough consists of a frame on which 

is mounted a narrow leg carrying at its 
bottom a cylindrical mole with an in 
clined leading face. As the mole channel 
is formed by the mole at the operating 
depth, the plough leg makes a vertical slit 
in the soil from which fractures at an 

angle of about 45? open up at both sides. 
The fractures point in the direction of 
forward travel of the mole plough in her 

ringbone fashion. When the mole is 
drawn at the optimum depth, the frac 
tures and loosening intersect the perime 
ter of the mole and increase the hy 
draulic conductivity of the subsoil slab 
above the plane of the mole and so allow 

surplus soil water to flow sufficiently fast 
into the mole drain. To loosen the entire 

slab, the plough must be drawn at such 

spacings that the loosening and cracking 
induced by each of two adjoining pulls of 
the plough at least meet midway and 

overlap. When the residual hydraulic 
conductivity induced by the plough is 

known, the spacings of the drains can be 
determined from drain spacing formulae 

using the boundary conditions and a de 

sign rainfall. 
As the mole plough is drawn through 

the soil, the upper layers of soil above a 
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plane, called the critical depth (Godwin 
and Spoor, 1977; Spoor and Godwin, 
1978), are split and lifted upwards toward 
the soil surface and cracks may occur; the 
lower layers are displaced to the sides of 
the tool and move in a horizontal plane 
(Godwin and Spoor, 1977; and Figure 1) 
and compaction may occur in compress 

ible soils. However, compaction is un 

likely due to the over-consolidation and 

plastic state of subsoils in Ireland. When 
the soil is dry, there is brittle failure with 

much cracking in the upper soil layers 
above the critical depth which depends 
on the tool geometry and the stiffness of 
the soil. Below the critical depth, the 

energy to let the soil flow horizontally 
past the mole and leg is less than that 

necessary to lift and fail the soil in an 

upward direction. The ideal is to locate 
the mole just into the zone of horizontal 
flow with the leg in the lifting zone. In 
this configuration, the slab of soil over 
the mole is lifted, loosened and cracked 

with an increase in volume and hydraulic 
conductivity. Loosening is essential for 

the effective drainage of gleys in Ireland 

(Garvin, 1983; 1986). Because of higher 
and more frequent rainfalls and lower 

evapotranspiration in the growing season 
in Ireland, Irish silt and clay soils are 

wetter and less stiff than the clay soils of 
the east of England where mole drainage 
is common. Accordingly, mole drainage is 
a summer operation in Ireland in con 

trast to autumn and early winter installa 

tion in eastern England. In contrast with 
the clay soils in the east of England which 
are high in swell-shrink smectitic clay 

minerals, Irish clay and silt soils are subs 

tantially quartzose with much less swell 
shrink and consequent differences in be 
haviour. 

In this paper the draught of a mole 

plough and the drain spacing for soil 

loosening in two gley soils are calculated 

^^N^-^yj^^__\ Critical depth 

j ff^ Horizontal 

Figure 1: Soil movements about the leg of 
a mole plough (after McKyes, 1989). 

from mathematical equations derived 
from the above theory (Godwin and 

Spoor, 1977; McKyes, 1989) and com 

pared with measured values. The resis 
tance of mole drains to roof failure from 
surface loads is also considered. The drain 

spacing for control of the watertable is 
derived from drain spacing formulae and 

compared with experimental values. 
Practical applications of the results are 
discussed. 

Theory of Mole Plough Draught, Soil 

Loosening and Drain Spacing 
The draught of a mole plough can be 
derived by calculating that due to the 

lifting action of the plough on the soil 
above the critical depth and that due to 
the horizontal deformations of the soil 

below the critical depth and summing. 
Mathematical expressions for the draught 
due to the lifting action of the plough on 
the soil have been derived by the applica 
tion of the theoiy of lateral earth pres 
sures oh retainer walls in passive failure; 

it is assumed that directly ahead of the 
mole and leg there is a prismatic wedge 
of soil of constant width moved forwards 
and upwards while to each side of this 

prism there is a circular crescent edge 
section of the same radius as the pris 

matic wedge also moved but sidewards, 
forwards and upwards (Godwin and 

Spoor, 1977). A decrease in the rake an 

gle (angle from the forward horizontal to 
the inclined blade) of the leg leads to an 
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increase in the critical depth. The nar 
rower the leg, the larger the circular cres 
cents are relative to the central prism. 

Employing the assumed failure patterns 
of Meyerhoff about driven piles (Lambe 
and Whitman, 1969), it has been possible 
to derive a mathematical expression for 
the draught of the plough due to the 

horizontal deformations of the soil 

(Godwin and Spoor, 1977). 
The spacing of the mole slots for me 

chanical loosening of the soil can also be 
calculated using the assumptions in God 

win and Spoor (1977). If it is assumed 
that loosening and cracking of the soil is 
limited to the moved soil above the criti 
cal depth, then the maximum permissible 
spacing of the mole drains for soil loosen 

ing can be estimated from the product of 
the critical depth and certain mathemati 
cal functions of the rake angle of the 

plough leg and the angles of internal 
friction of the soil and of soil-metal fric 
tion (Godwin and Spoor, 1977; McKyes, 
1989). 

Mechanical stresses from surface traffic 

can lead to roof failure in the mole. This 
could arise in site preparation for af 
forestation where tracked excavators are 

used to excavate collector drains across 

mole drains. The surcharge arising from 

loading by the tracks could cause roof 
failure which would be especially harmful 
at the outfall ends of moles. It is possible 
to analyse the effect of surcharges on the 
roof of a mole taking a worst case sce 

nario of a wedge shear along radii such 
as mole plough cracks. The surchage load 

leading to failure of the roof can be cal 
culated from theory that can be found in 

Bolton (1979), using both cohesive and 
frictional models. 

The spacing of the mole drains for 

control of the watertable can be calcu 
lated or derived from a nomogram of 

Toksoz and Kirkham (1961). The design 

of land drainage entails the specification 
and installation of drains in the soil at 
such depth and spacing to control the 
elevation of the groundwater table at a 

predetermined depth below ground level 

against a design intensity of rainfall. The 

depth to the crest of the watertable is 

specified in relation to the depth and 
distribution of rooting and anchorage in 

forestry, and trafficability and plant 
growth in agriculture. However, the depth 
to which the watertable can be lowered 
in gleys, by mole drainage, is controlled 

by the critical depth of loosening where 
the subsoil is practically impervious. 

Drain spacing for a given depth of drain 
is determined primarily by the hydraulic 
conductivity of the soil, the design rain 
fall and the depth to the impervious layer 
below the drain. 

Mathematical equations derived from 
the theories outlined above were used to 
calculate the values given in this paper. 

Experimental Methods 

Experimental measurements of draught 
of a mole plough were made on two gley 
soils near Ballinamore, Co. Leitrim. Soil 
1 is a clay comprising a 0.15 m organic 
topsoil overlying an inorganic clay that is 

commonly plastic below about 0.25 to 0.3 
m. Soil 2, a silt, comprises a 0.15 m 

organic topsoil overlying a hard angular 
gravelly inorganic clayey silt layer that 

changes to a plastic silty clay at about 0.4 
m. These soils have been classified as 

Ballinamore Series and Garvagh Series, 

respectively, by Walsh (1974). 
Relevant properties of both soils were 

measured. Texture was measured by wet 

sieving and sedimentation by the pipette 
method. Plastic and liquid limits were 

measured using the BS 1377 (1990) 

procedure. Bulk density, dry bulk density, 
void ratio and air voids were measured by 
soil sampling and by nuclear gauge with 
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gamma and neutron sources in the field. 
Field moisture content was measured by 
sampling and oven drying. Cohesion and 

angle of internal friction were measured 
in a direct shear box. Adhesion and angle 

of soil-metal friction were measured in a 

direct shear box by drawing a smooth 
metal plate over the soil. In the gravelly 
silt soil the latter values were estimated. 

Values of cohesion, adhesion and friction 

angles were also available for another silt 
soil at Inagh (Kilrush Series in Finch, 
1971), and are shown for comparison pur 
poses and discussed in relation to stabil 

ity of the mole. 
The mole plough used in the tests had 

a 0.025 m wide leg to which was attached 
a 0.075 m diameter mole. The working 
depth for the mole drainage in both soils 
was 0.45 m. The critical depth was esti 
mated as 0.25 m for the clay soil and 0.35 
m for the silt soil. To measure the 

draught, a dynamometer was placed 
between the drawbar of a tracked tractor 
and the tow point of the mole plough. 
Readings of force were taken over 50 m 

long mole drains in both soils. The mole 
was then removed and the plough was 

drawn at the same setting to obtain the 

draught on the leg alone. The draught on 
the mole was then obtained by subtrac 

tion. 

Results 
Texture of the two test soils is shown in 
Table 1 along with plasticity values for 

the clay. The clay soil has the highest 

liquid limit of any glacial drift found in 

Ireland. The gravelly silt layer of the silt 
soil can contain 20 to 50% angular chert 

gravel. 

Table 2 shows typical field values for 

bulk density and moisture contents of the 
two soils after dry weather. Bulk density 
and particularly dry bulk density increase 

with depth; the topsoils of both soils are 

very light. Repeat measurements by nu 

clear gauge in the silt soil showed that 
the clayey silt layer (0.3 to 0.45 m) is 

variable, probably due to differing gravel 
content. 

Some mechanical values for the two 
test soils and the silt soil near Inagh (Co. 

Clare) are given in Table 3. The values 
are variable for the different soils and 
soil layers. The cohesion of the hard 

gravelly layer of the silt test soil is high. 
Average and range of measured drau 

ghts are compared with calculated values 
for both soils in Table 4. Calculated val 
ues are larger than experimental values 

mainly because of the light brittle topsoil 
(when dry). Values of a similar order 

have been measured in New Zealand 

(Bowler, 1980) and by Godwin, Spoor and 

Leeds-Harrison (1981) in a range of four 

soils in England. The calculated values 
for the loosening draught force are 12.9 
kN and 27.0 kN, respectively, for the clay 
and silt soils. 

Below the critical depth, the soil is 
moved to the sides of the leg and mole. 
The draught force over the 0.125 m of leg 
and over the 0.075 m mole in this zone 

Table 1. Texture and plasticity values for the clay and silt soils in the layer adjoining the topsoil 

Soil -Composition (%) Plastic limit Liquid limit Plasticity index 

Sand Silt Clay 
(% H2Q) <% H2Q) <* H2Q) 

Clay 9 42 49 24 59 35 

Silt 32 34 34 
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Table 2. Some physical properties of the clay and silt soils 

Soil Layer Bulk Dry bulk Water1 Void ratio Air voids 

(m) density density (%) (%) 
(kN/m3) (kN/m3) 

Clay 0-0.075 12.6 7.4 70.0 2.03 21 

0.15-0.45 17.0 13.0 30.0 1.04 11 

Silt 0-0.10 11.6 7.0 66.0 2.40 24 

0.05-0.10 12.6 8.3 47.5 1.85 22 

0.15-0.30 15.1 12.6 19.5 1.10 

0.30-0.45 17.9 14.9 20.0 0.74 9 

0.30-0.45 20.2 17.0 19.0 0.53 2 

1 
Field moisture content 

amount to 6.8 kN and 12.2 kN, respec 
tively, for the clay soil. The total draught 
force for the leg is 19.7 kN and 31.9 kN 
for the mole and leg. The calculated mole 

draught comprises 38% of the total 

draught compared with 40% measured in 
field tests. Similar calculations for the silt 
soil indicate a leg draught force of 28.7 
kN and a mole draught force of 15.7 kN 

making a total draught of 44.4 kN. The 
calculated draught on the mole is 35% of 
the total draught compared with 47% 

measured in the field tests. 
The results of the calculations are sen 

sitive to errors in estimating the values of 
the angles of soil internal friction and soil 

metal adhesion. A draught of about 45 
kN may be adopted for practical pur 
poses. Suitable allowance must be made 

for boulders and stones in the soil; in the 

clay soil, draughts of up to 40.1 kN were 

required to remove boulders and in one 

case a sustained draught of 47.7 kN failed 
to dislodge a boulder, with refusal due to 
skid. 

Spacing of mole drains for soil loosening 
Measurements for loosening in the clay 

soil indicate loosened widths of 0.75 to 
1.2 m (Rodgers, Mulqueen and Kyne, 
1989) and 1.07 m (Burke et al., 1974). 

The calculated widths (s) of the side cres 
cents for the clay and silt soils are 0.7 and 
1.07 m, respectively, and the maximum 

permissible drain spacings are twice these 
values (Table 4). The values for s are 
sensitive to errors in estimating the criti 
cal depth, which is sensitive to changes in 
soil density and angle of internal friction. 
If neighbouring crescents are forced to 

overlap, as would be required to insure a 
factor of safety, the drain spacings should 
be closer than those in Table 4, e.g. about 
lm. 

Table 3. Some mechanical properties of the two gley soils and Inagh silty clay 

Clay1 Silt Inagh silt1 

Layer (m) 0.15-0.45 0.05-0.10 0.15-0.30 0.30-0.45 0.15-0.45 

Cohesion (kPa) 20 12 37 15 28 
Internal friction (?) 34 29 27 39 19 

Adhesion (kPa) 2 - 42 22 9 
Soil-metal friction (?) 27 

- 
212 232 12 

LKyne (1988); Estimated. 
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Table 4. Mean and range of measured draughts compared with calculated values for a mole plough 

working at a depth of 0.45 m 

Soil Mean Range Calculated Ratio1 Drain spacing2 
(kN) (kN) (kN) (m) 

Clay 22.1 29.0-13.4 31.9 1.10 1.4 

Silt 32.0 37.9-24.5 44.4 1.17 2.1 

Calculated/maximum; 
2 Maximum drain spacing for soil loosening. 

A spacing of 1 m may be adopted as a 

practical measure and this is compatible 
with forestry planting practice of 2 m 
centres for trees. 

Depth of the mole drain 
The depth of the mole drain must be 
related to the soil profile conditions. The 
ideal is that the leg should be located in 

brittle soil while the cylindrical mole is in 

plastic soil. In clay soils such as that of 
Table 3 and SWG3/G3 soils as classified 

by Cruickshank (1997) in Northern Ire 

land, the invert of the mole drains could 
be located as shallow as 0.35 m and spac 
ings could be as close as 0.6 m with trees 

planted beside every third mole. Mole 
drains drawn too deeply in plastic soils 
are not effective in controlling the wa 

tertable since the soil cracks do not inter 
sect the wall of the mole drain and the 

single leg slit closes in over time. 

Soil surface loading and the stability of 
mole channels 

The effects of mechanical stresses from 
surface traffic on the roof of a mole 
channel can be analysed using a friction 
less cohesive model and a frictional model 

(Bolton, 1979). Taking the cohesive model 
in Bolton (1979) and considering a soil of 
unit weight 17 kN/m3 with an undrained 
shear strength of 20 kPa and a 0.075 m 

diameter mole drain at a depth of 0.45 m, 
the surcharge load leading to failure of 
the roof arch is 75.1 kPa. Under these 

conditions, the static surcharge load is 

quite low; this load can quite easily be 
exceeded by impact loads from the tracks 

during emptying an excavator bucket. 
There are gains from allowing mole 

drained soil to age and dry out increasing 
the soil shear strength when dry weather 
is forecast before allowing traffic back on 
the land. 

If on the other hand, a frictional model 
is used with a slight negative pore-water 
pressure (near zero) at the mole wall and 

using an angle of internal friction of 35? 
and a token resistance of 1 kPa in the 

wall of the cavity such as would be pro 
vided by the pore-water tension, then a 

surcharge of about 400 kPa would be 

required to fail the roof of the mole 
drain. This is large and unlikely to be 
obtained in practice at the depth of the 

mole. 

Soil about the mole perimeter becomes 
wet and at or near liquid limit during 
drainage of free water. The perimeter 
soil may also experience a seepage force. 

Some soils under these conditions can 

experience creep, leading to a gradual 
reduction of the bore of the mole and 

eventually closure. Examples of such 

gradual closure were noted by the author 
in soils about Lisdoonvarna and Inagh in 

Co. Clare, for which some mechanical 
data are shown in Table 3. This soil has a 
low friction angle. 

Hydraulic design: drain spacing 
To apply the Toksoz and Kirkham (1961) 
nomogram to mole drainage of Irish gley 
soils, the following values for the parame 
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ters may be taken in the case of mole 
drains of 0.075 m diameter at a depth of 
0.45 m: 

1) depth below ground surface to the 
crest of the watertable midway 
between drains1 = 0.35 m 

2) depth to impervious layer below the 
centre of the mole drain = 0.0375 m 

3) design rainfall rate = 0.012 m/day 
4) hydraulic conductivity of the soil (after 

loosening) 
= 0.3 m/day 

From the nomogram solution the drain 

spacing works out at 0.71 m. To fit in with 

forestry practice, this spacing may be re 

laxed to 1 m. Using mole drains at a 

spacing of 1.07 m, Burke et al. (1974) 
achieved good control of the watertable, 

practically eliminating surface run-off in 

grassland. The calculated hydraulic con 

ductivity value derived from drain flow 
measurements in their experiment was 
0.74 m/day. A mole drain spacing of 1 m 

appears about right. 

Hydraulic design: length of mole drains 

Considering only the transport capacity 
of the mole channel, long mole drains 
can be designed at spacings of about 1 m. 
In practice, there are limits to the lengths 
of moles, imposed by site and soil condi 
tions. The main factors are uneven 

ground, stony soil and the soil properties 
affecting the stability of the loosening 
and mole channels. The length of mole 
drains can be controlled by the spacing of 

open collector drains which are excavated 

at about right angles to and deeper than 
the mole drains; these collector drains 
act as outfalls for the flow from the mole 
drains. 

In ground of uneven gradients, back 
falls can develop in the mole channels. 

1035 m is a watertable crest depth below ground 
surface with a discharge of 0.012 m/day commonly 
used for grassland in Ireland. 

These backfalls lead to ponding and wa 

terlogging in the channel and result in 

premature failure through unconfined 

swelling (Spoor and Ford, 1987), struc 
tural collapse (Harris, 1984) and silting 
(Bowler, 1980). In uniformly sloping 
ground and in good moling soil, the length 
of mole drains may vary up to 50 m with 
20 to 40 m being most commonly used in 

agriculture. In flat land and in steeply 
sloping ground, the length of mole drains 
is commonly 10 to 20 m but may be as 

short as 5 m in very unfavourable condi 
tions e.g. stony soil and flat land with 
small depressions. 

Mole drains drawn in dry conditions in 
the absence of free water and followed by 
dry weather have time to age and in 
crease in strength (Spoor, Leeds-Harri 
son and Godwin, 1982). As a result, and 

apart from the effects of good cracking 
on hydraulic conductivity, mole drains 
drawn in dry conditions are better able to 

withstand stresses imparted to them by 
free water during drainage. 

High flow velocities in the channel it 

self, as would be experienced in long 
moles on steep slopes, can give rise to 
wall erosion. Wall instability can also 
arise from the occurrence of sand lenses 

(from weathered sandstones) and gravel 
which can lead to failure of the channel 
and ponding in the mole. The erosion of 
a mole channel is a function of the hy 
draulic shear of the water flowing in the 

mole channel and two soil properties, the 
channel erodibility resulting from shear 
and the critical shear stress below which 
soil detachment is negligible (Schwab et 

al., 1993). Hydraulic shear increases with 

slope and hydraulic radius. Mole erosion 
has been found on long mole drains when 

heavy rainfall occurred soon after draw 

ing them (Mulqueen, 1974). 
In suitable soils and sites under 

forestry, mole drains have a long life; at 
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the Ballyfarnon forest near Riverstown, 
Co. Sligo, mole drains installed in 1971 at 
2 m centres are still functioning well, 26 

years later. 

Discussion and Conclusions 

Using classical soil mechanics and semi 

empirical methods for solution, Godwin 
and Spoor (1977) have obtained equa 
tions that successfully predict the magni 
tude of forces on mole ploughs. These 

equations, when applied to two Irish 

moling soils with stratification, have given 
magnitudes of the right order for the 

draught of the mole plough and the drain 

spacing for the mechanical loosening of 
the soil. The results for two soils indicate 
that the theory can predict the maximum 

draught force, which is not very high. 
However, suitable allowance must be 

made for the occurrence of stones and 

boulders in the soil. The drain spacing 
for soil loosening and watertable control 

agree reasonably well, which is a rather 

helpful result. 
Drain spacing theory and experiment 

show that very close drain spacings are 

required to control the watertable after 
the soil has been loosened (with a large 
increase in hydraulic conductivity) when 

drawing the moles. In an experimental 

investigation of the effects of loosening 
on flow to mole drains, Leeds-Harrison, 

Spoor and Godwin (1982) showed that, in 
a structured clay soil with a well-devel 

oped sub-angular blocky structure and a 

hydraulic conductivity of 0.022 m/day, 
mole drains overlain by mechanically 
loosened soil had a significantly faster 

response to rainfall than mole drains in 
the same soil not mechanically loosened. 

A subsequent theoretical analysis of 
the effects of fracturing by Youngs 
(1984/1985) showed that fracturing 
played an important role in increasing 
the rate of groundwater flow to mole 

drains; without the Assuring and loosen 

ing, groundwater flow to the mole drains 
is much slower and flow continues for 

much longer. In an Irish clay, Burke et al. 

(1974) showed that the discharge through 
mole drains with soil loosening averaged 
505 mm/year over 5 years compared with 
313 mm/year in surface run-off from an 

undrained plot. Galvin (1983; 1986) has 

highlighted the role of loosening in the 

drainage of Irish gleys. Installing drains 

by excavator involves little or no loosen 

ing of the soil with little or no increase in 

hydraulic conductivity (required to pro 
mote fast flow of surplus rainfall to the 

drains). The analysis and the studies indi 
cate that mole drainage with soil loosen 

ing is the only practical and effective 
solution to the drainage of Irish gley soils 
of the type described. In the Balryfarnon 
forest site with stable mole channels at 2 

m centres, which gave reasonable control 

of the watertable, trees planted on mole 
drained land showed a large increase in 

rooting depth and more symmetrical 
rooting (Hendrick, 1989) and a significant 
increase in the ultimate overturning mo 

ment with negligible increase in pore wa 
ter pressure compared with trees planted 
on undrained land [M. Rodgers, J. 

Mulqueen, J. McHale, E. Hendrick and 
M. Keane (unpublished)]. 

Soil profiles should be examined be 
fore deciding on the depth of mole drain 

ing in a field or farm. Clay and silt soils 
with plastic layers close to the soil sur 

face should be mole drained at depths of 
0.35 to 0.4 m and at spacings of about 1 

m; greater depths (up to 0.6 m) are indi 
cated on gley soils where the plastic soil 

layer is deeper. 
The length of a mole channel between 

outfalls into open collector drains must 
be controlled by design, taking into ac 
count the slopes of the land to avoid 
backfalls on gentle slopes and erosion of 
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moles on steep slopes, the stability of the 
mole channel, its resistance to erosion by 
flowing water and the stoniness of the 
soil in relation to interruptions in the 
bore of the mole channel. Blockages on 

long mole drains on slopes can result in 

large volumes of water breaking through 
onto the surface of the soil. Mole drain 

lengths of 10 to 40 m at spacings of 1 m 
are suitable for forest lands on many 
sites. 

Where trees are planted in mounds, a 

collector drain spacing of 8 to 12 m is 
convenient as the drain spoil can be used 
to make the mounds. Blockages to the 
outfall ends of moles by machinery can 
be forestalled by offsetting the excavator 
on the downslope side of the collector 
drain when excavating. Lining the outfall 
ends of moles at collector drains with 
short lengths of plastic drain pipe re 

moves the risk of closure of the mole 
outlets at the wall of a collector drain 

especially in soils of low stability. 
Research is required to determine if 

mole drainage, which promotes deeper 
rooting in the early years of growth, con 
fers a long-term benefit to tree stability 
in the event that the mole blocks up and 
to what extent the loosening effects above 
the mole channel contribute to improved 
drainage and tree stability in such an 

event. 
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