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Irish Landscapes 



Irish Soils and Rainfall 



Å 90% of agricultural land area is grassland 

 

Å Marginal land occupies just under 50% of Irish land area (Gardiner & Radford,1980) 

 

Å Poorly drained and prone to waterlogging 

 

Å Land drainage is required to reduce the volatility associated with rainfall 

  

Irish Agriculture 



Types of drainage system 

Å The depth and type of drain to be installed depends entirely on 

the interpretation of the test pits. 

 

Å Two principle types are distinguished: 

 

Å Groundwater drainage system: A network of deeply 

installed piped drains exploiting permeable layers 

 

Å Shallow Drainage system: Where soil is heavy and 

infiltration of water is impeded at all depths and permeability 

needs to be improved 

 

 

 

 

 



Å A Groundwater drainage system is a network of field drains collecting 

groundwater which can move through  soil layers of high permeability 

 

Å They work by exploiting the natural capacity for movement of water at a certain 

depth in certain soils 

 

ÅOften heavy textured soils overlie soils of much higher permeability (poorer sub-

soils closer to the surface and more permeable layers underneath) 

 

 

 

 

 

 

 

Groundwater Drainage System 



ÅBy ñtappingò into this natural capacity for water movement the system works by 

lowering the watertable and reducing the amount of water stored in the soil 

 

Å When it rains water can now infiltrate through the soil. Water storage is reduced so 

capacity is increased 

 

Å By controlling the water table,natural (cracking, root penetration) or artificial (sub-

soiling/ripping) improvements in permeability in the shallower layers can occur 

 

 

 

 

 

 

 

Groundwater Drainage System 

Increased Capacity 



Backfilling groundwater  drains 
Å Drainage stone should: 

Å be filled to a minimum depth of 30 cm from the drain bottom 

Å provide connectivity with layer of high permeability 

Å be clean aggregate (10-40 mm / 0.4 -1.5 inch) 

 

 

 

 



Shallow Drainage System 
Å A shallow drainage system is a network of field drains in tandem with surface 

disruption techniques which promote water infiltration and drainage 

 

ÅUsed where soil permeability is low at all depths and aims to introduce new 

pathways for water movement in the soil 

 

ÅMethods include: Mole drainage, gravel mole drainage, sub-soiling (pan busting) 

and land forming 

 

 

 

 

 

 

 



Mole Drainage 
ÅMole drainage comprises closely spaced (1-2 m) shallow unlined channels in 

cohesive high clay content, stone-free soils 

 

Å They are installed with a tractor mounted mole plough (adjustable depth to 60cm) 

 

Å The mole plough creates a channel and new pathways for water movement by 

fracturing and cracking the soil 

 

 

 

 

 

 

 



Mole Drainage 
ÅMole plough parts 

 

 

 

 

 

 

 

Tractor linkage Coulter Wheel Adjustable depth 

Mole Foot 

Expander 

Toe(Wearing) 

Leg 

Blade(Wearing) 



Mole Drainage 



Mole Drainage 
Å Soil Type suitability(at Targeted channel depth): 

 

Å High Clay content (>35%)-òmouldableò 

 

Å NO stones/gravels/sand pockets 

 

ÅDry-ready to crack 

 

Å Some questionable scenarios 

 

Å No definitive test 

 

Å Lifespan will vary (2-6 years) 

 

ÅWill need to be repeated 

 

 

 

 

 

 

 

 

 

 

 

 



Mole Drainage 
Å Spacing 1-2 m apart to maximise cracking/disturbance 

 

Å Typically foot is 7-8 cm in diameter, expander is 8-10 cm in diameter 

 

Å Depth targeted- typically 50-60 cm. 

Å Staged approach may be required in very wet soils 

 

Å Mole Up-hill in direction of maximum fall 

 

Å Even gradient (Collector layout must provide outlets from all hollows/depressions) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Not to scale) 



Gravel Mole Drainage 
ÅDepth, gravel flow and height of gravel can be adjusted 

 

Å Typically gravel mole foot is 8 cm in diameter, chute is 8 cm wide 

 

Å Tend to be slighlty wider spaced than mole channels- Approx. 1.5- 2.5 m  (Cost!) 

 

ÅWashed 10-20 mm gravel is used to ensure regular flow from hopper 

 

Å General principles of mole drainage installation apply here also 



Gravel Mole Drainage 
ÅGravel mole plough parts 

 

 

 

 

 

 

 

Coulter Wheel Mole Foot Toe (wearing) 
Gravel Hopper 

Gravel Chute 

Adjustable Gate 
Leg Blade (Wearing) 
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Gravel Mole Drainage 
ÅMany soils require closely spaced drainage channels and soil loosening but cannot 

support unlined channels (texture, stone content etc.) 

 

Å Gravel mole drainage offers an alternative where the mole channel and leg slot are 

filled with gravel to provide stability 

 

Å They are installed with a tractor mounted gravel mole plough 



Sub-soiling (Pan-busting) 
ÅClosely related 

Å Sub-soiling: Refers to general soil loosening 

Å Pan-busting: Refers to the breaking of a distinct pan or cemented layer 

 

ÅNo attempt to from a stable channel, soil ñshatteringò is the main aim. 

 

ÅGenerally not effective unless a shallow impermeable layer is broken or used to 

supplement collector drains 

 

Å Limited lifespan 
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Sub-soiling (Pan-busting) 
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Backfilling collector  drains 
Å Drainage stone should: 

Å fill the trench to within 25 cm of ground surface  

Å provide connectivity with mole channels and topsoil 

Å be clean aggregate (10-40 mm / 0.4 -1.5 inch) 

 

 

 

 



The success of shallow  systems! 
Å Soil Type: Will mole drains survive? Will sub-soiling have a worthwhile effect? Etc. 

 

Å Timing: Level of cracking in soils will be dependent on moisture content (weather) 

Å Cracking/Shattering and surface traction will be maximised in dry conditions 

ÅIn wet conditions the desired shattering will be replaced my ñsmearingò 

ÅCleaning open drains and installation of collectors can be done in advance and 

shallow techniques installed when the opportunity arises 

 

Å Equipment: Implements used must be in good order and fit for purpose 

Å Must be able to reach the desired depth 

Å And create the desired effect 

Å Sufficient power and traction should be available to provide an even pull 

 

Å Capacity: Dependent on local rainfall 

Å Capacity is improved by increasing disturbance (reducing spacing,+ subsoiling) 

ÅReducing spacing of collector drains 

Å Isolating the site from surrounding areas (open drains) 



Heavy Soils Programme Farms 









Drainage Investigations 

Å When planning a drainage system an investigation into the 

causes of poor drainage must first be undertaken 

 

Å No ñone size fits allò solution 

 

Å A number of test pits (at least 2.5m deep) should be dug within 

the area to be drained 

 

Å As the test pits are dug the faces of the pits are observed 

 

Å Are there layers impeding or permitting water movement ? 
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Soil test pits- what to note? 
Å Indicators of permeability 

Å Groundwater seepage: if present and approximate rate 

Å Not the collection of surface water! 

 



Soil test pits- what to note? 
Å Indicators of permeability 

Å Brittleness/Collapse- often hand in hand with water seepage 



Soil test pits- what to note? 
Å Indicators of permeability 

Å Pans (Iron, Manganese, Plough) or cemented layers 

 

Å Soil Texture 



Soil test pits- what to note? 
Å Indicators of permeability 

Å Soil Porosity 

 

Å Soil Structure 



Soil test pits- what to note? 
Å Indicators of permeability 

Å Consistence 

 

 

 

 

 

(Irish Soil Information System: 

Soil Profile handbook, 2008) 



Soil test pits- what to note? 
Å Indicators of permeability 

Å Stone content  

 

ÅOrientation 

 

 

 

 (FAO, 2006) 



Soil test pits- what to note? 
Å Indicators of permeability 

Å Rooting condition, orientation and depth 
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Soil test pits- what to note? 
Å Indicators of permeability 

Å Colour- Main colour 

ÅRich browns: good quality, little drainage issues 

ÅGreys/Blues: gleyed, heavy, water logged 

Å Blacks: High organic matter 

Å White/light: leached  

 

 

 

 



(Irish Soil Information System: 

Soil Profile handbook, 2008) 

http://gis.teagasc.ie/soils/downloads.php 

ŸProject Technical Reports 

(FAO, 2006) 

http://www.fao.org/publications/card/en/c/903943c7-

f56a-521a-8d32-459e7e0cdae9/ 

 

Describing Soils-Guidelines 
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ÅSelected Indicators 

 

 

 

 

Visual drainage assessment  design 

Using indicators in each soil profile 

Å Soil horizons were defined by distinctions between indicators 

 

Å Each horizon was classified as highly, moderately or poorly permeable 

 

Å A site-specific drainage design was prescribed based on these classifications 

Water seepage 

Texture(sand, silt, clay) 

Pan layers 

Structure 

Porosity 

Consistence 

Stone content 

Colour/Mottling 

Root development 



Indicator Classified by Classified as VDA Score Weighting 

          

Water seepage Presence Å Water seepage evident 1 A 

Å No seepage evident 0 

Pan layers Presence Å Present -1 A 

Å Not present 0 

Texture 
Hand textured (adapted from DEFRA 

2005) 

Å Medium and light textured 

soils 
1 B 

Å Heavy textured soils 0 

Porosity 
Poor, moderate or good (Shepherd 

2009) 
Å Good 2 C 

Å Moderate 1 

Å Poor 0 

Consistence Stickiness & plasticity (FAO 2006) Å Non-sticky, non-plastic soils 2 C 

Å Sticky or plastic soils 1 

Å Sticky and plastic soils 0 

Stone content Abundance (FAO 2006) Å Stone content > 15% 1 C 

Å Stone content < 15% 0 

Root 

development 
Presence Å Present 1 C 

Å Not present 0 

Scoring of Visual Indicators 






