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Soil is hydrophilic – It attracts water to its 

surface very strongly (as well as into its 

voids by capillarity) 



Capillary forces control water in the soil 
Strength of the capillary suction is expressed as the height of the 

water being drawn up above a reference surface 



Units of Strength of capillary forces 
(cm above reference surface, or atmospheres of 

pressure) 



Capillary force expressed logarithmically as pF so as to 

have small numbers 

• pF = log of height water column (cm) 

• a. Water pressure = 100 cm → pF = log(100) = 
log(102) = 2 

• b. water pressure = 1000 cm → pF = log (1000) = 
log(103) = 3 

• Etc. etc. 
•   

 



Conversions to various units 



Positive pressure vs negative pressure 

• When water is drawn upwards into a capillary it is due to 

the negative pressure or suction exerted on it by the 

capillary  

• There is no positive pressure pushing it upwards from the 

bottom of the capillary 

• Instead of talking about suction we normally speak about 

tension 

• To draw water out of a capillary one needs to apply a 

suction greater than that produced by the capillary 

• As the capillaries become narrower the water they hold is 

under greater tension: Soil Moisture Tension 

 

 



Soil moisture tension and equivalent soil 

pore diameter 
• Field Capacity of soil equates 

to that water that fills all 

pores smaller than ≈ 30 

micron (= pF 2.0) 

• As the soil dries out, the 

remaining water is 

progressively only in the 

smaller pores 

• The plants have to “work” 

harder to get it out 

• At pF = 4.2, the soil may still 

have water, but the plants will 

irreversibly wilt and die. 

 



How is water held in soils? 

All soil pores act as capillaries 

A pore with a diameter of 20μm exerts 
enough suction to pull water up 1.2 m 

Sand contains mostly large pores so 
these can only be full at low suction; 
clay has predominantly smaller pores 
so clays have much of its pores full of 

water at a wide range of suction 



Effects of capillary suction 

• In soil that contains sands. Silts, 

clays and organic matter, when it 

dries out the capillary suction 

compresses the soil particles:  

• A. the soil shrinks 

• B. soil pores become narrower 

 

• The higher the clay content the 

higher the shrinkage 

 

• Cultivated soils that wet and dry 

repeatedly become denser by the 

repeated shrinking and re-

arrangement of soil particles 

 



Effects of shallow water table on water 

storage 

Bemm River camping 

ground 
- Yabby mounds all over the 

surface of the disposal field 

- A single rainstorm of 25 mm 

causes the water table to rise to 

the surface 

- With the water table so close, 

there is almost no water storage 

space in the soil between the 

water table and the surface 



Capillarity and upward water movement 

 extent and rate  #1 



Capillarity and water movement  
(upward and lateral) 

 extent and rate  #2 



Water movement from moist/wet soil to drier soil 

• Wicking trench & bed 

system – Are we sure it 

works?  Has anyone 

measured it? 

 



Darcy’s Law (1856) 

• Seepage velocity, V, of water through a soil with hydraulic conductivity, 

Ksat, under a gradient, i, equals: 

•            Q = K (h/L) A 

•   

• where 

• Q = the rate of flow through the sample (volume/time, for example litres/minute) 

• h = delta h the head loss L (length, for example metres) 

• L = the length of the sample (length, for example metres) 

• A = cross-sectional area of the tube holding the sample (area, for example m2) 

• K = proportionality constant, depending on the nature of the sand and the fluid (water in 

our case), (length/time, for example metres per day) 

 

 

 



Let’s apply Darcy’s Law to lateral seepage 

of effluent.  
• 1. Seepage through upper soil: 

Assume Ksat of soil = 0.5 

m/day. Slope gradient is 0.1, 

thus seepage velocity is: 

• V = 0.1 x 0.5 = 0.05 m/day 

• To travel 1 m takes 20 days 

 

• 2. Groundwater flow. 

• Usually gradients are very small 

• Even in pure sand with Ksat of 

10m/day:  

• V = 0.001 x 10 = 0.01 m/day 

• Travel time for 1 m = 100 days 



Measuring soil hydraulic conductivity in 

the lab 



Soil moisture conditions and their possible seasonal 

variations as they affect soil permeability and soil 

percolation tests in the field: Only Case A is suitable for 

the test 



Case studies of LCA practice 

• 1.  Consultant sets up percolation tests and notes water is 

spontaneously running into the hole from the soil.  He cannot get the 

added water to percolate away.  Conclusion: “The soil is impermeable” 

[Yet water can clearly be seen to be moving but in the wrong direction!!] 

• 2. Consultant sets up percolation tests and notes water from the soil 

is spontaneously running into the hole, goes away, comes back next day. 

Now the holes are full. Checks with EHO who tells him onsite systems 

work well. Conclusion: “we must come back some other time to repeat 

the tests”.  [Surely there was no need to check with the EHO] 

• 3. Consultant sets up percolation test immediately next to full farm 

dam and obtains zero percolation rates.  Conclusion: “the soil is 

impermeable”.  [Probable reason the soil was already saturated] 

• 4. The Regulator (EPA) used to advise that consultants must do the 

percolation tests when the soils are at their wettest. Conclusion: Even the 

regulator didn’t understand water in the soil. 



How does water flow through soil? 

Saturated flow 
• Saturated flow controlled 

by flow lines  through a 
uniform medium 

• Flow velocity is controlled 
by hydraulic gradient 
which is non-uniform here 
& hydraulic conductivity 
Ksat which is uniform 

• Hydraulic gradient equals 
difference in water table 
height divided by flow path 
length  
 (explain) 



Hydraulic conductivity affected by soil structure, 

chemistry (sodicity) and gypsum amendments 



Using AS/NZS 1547:2012 to predict 

permeability and loading rate 

• Clay soil profile on 

basalt at Deer Park 

 

• “Oh what a beautiful 

structure…!!”  
• Soil Category 6a with indicative 

Ksat of 0.6-0.05 m/day 

• Actually Ksat ≈ 0.002 m/day  
• Highly sodic clay subsoil 

• Highly dispersive 

• High pH ≈ 9.5 



Using AS/NZS 1547:2012 to predict 

permeability and loading rate 

• Clay loam to light clay soil 

profile on volcanic rock in 

forest near Warburton 

 
• “Oh what a beautiful structure..!”  

 
 

• Actual Ksat ≈ 0.2 m/day 

• Non-sodic, non-dispersive, acidic 

profile, pH ≈ 5.8 



Range of variation of Ksat & Kunsat 
How many tests are needed to obtain a “representative” value?  

 

 



How does water flow through soil? 

Unsaturated flow 
• Unsaturated flow 

controlled by size of 
capillaries (soil pores) 

• Upper soil layer in picture  
is loam with fine pores 
having stronger capillary 
suction than lower layer 
of sand with bigger pores 

• Only when loam layer is 
saturated and suction 
there drops to low level 
can water enter the sand 
below 

 



Practical uses of capillary theory - Irrigation 

Schematic of pore sizes for 

different soil textures 

 

1. Irrigating a sand with much water in 

a short time causes much water to 

be lost as the many large pores 

drain quickly; irrigating slowly forces 

only the small pores to let water 

through, keeping the water in the 

soil much longer 

 

2. Irrigating a clay soil with much water 

could result in runoff, but irrigating 

at a moderate rate fills all the pores 

but these drain more slowly, 

keeping the water in the soil 

 



Applying theory to improved effluent treatment  -  

Controlling the application rate 



Reduction of faecal bacteria with distance of 

travel 



Irrigating effluent from a trench 



Applying theory to monitoring an effluent trench and 

deriving safe long-term absorption rates 
(Brouwer, J. 1982 – PhD thesis “Septic tank effluent absorption systems near Melbourne – Land 

Capability and Design”, La Trobe University) 

 



Response of saturated surface (water table) to 

high rainfalls and dry periods 



Waterlogging does not necessarily lead to failure 

In waterlogged soil GRAVITY pulls water downwards 



Behaviour of trench under intermittent waterlogging 



Water movement in a saturated soil 

• Saturation → capillary suction in the soil = 0 

• (Matric potential = 0) 

 

• Gravity is the only force acting on the soil water 

 

• Effluent in the soil must move vertically down, as fast as 

soil Ksat allows 

 

• Rainfall arriving at the soil surface must flow off sideways 

or pond on the surface 

 



How does deep percolation occur in a living soil?  

There are preferred pathways that assist spreading 

Tracing flow with fluorescent 
purple dye – vertical flow 

Horizontal flow at the interface 
between topsoil and subsoil 



Grey water use for residential gardens as 

promoted by EPA 
Guiding Principles 

1. No grey water must ever 

percolate down to 

groundwater table; 

2. During any season when 

rainfall is enough for plant 

water needs, DO NOT 

IRRIGATE BUT STORE grey 

water in winter storage tank 

or discharge to sewer 

3. Stored grey water is 

irrigated next season 

 

 



Grey water use for residential gardens as 

formerly visualised by EPA 
Principle illustrated by diagram Allowable leaching? 

 

Each drop of water that 

percolates downwards from 

a grey water irrigated 

garden ought to be from 

Rain and not from the 

grey water 

Is this physically realistic? 



Can effluent, once in the soil, stay there while 

rain water passes? 

• Remember?  Once a 

drop of water is in the 

streamline it cannot 

allow other drops to 

overtake it.   

It is like water in a 

hose 

• But then we must have 

some leaching to avoid 

salt build up  



Grey water re-use in urban areas 
Calculation of size of grey water storage tanks for ‘typical’ areas in 

Victoria from EPA guideline [perhaps not in force today?] 

 

EPA 168 “Guidelines for wastewater irrigation” also based on 

zero leaching of wastewater 



What do these winter storage tank sizes 

mean in real life? 
• This tank of 220 m3 
is what you need in 
your garden if you 
have a 3-bedroom 
house around the 
Bendigo area but 
would be 20m3 short 
of what is required 
around the south 
eastern areas of 
Melbourne  



Water retention and soil texture 

 

• The loams and 

silt loams have 

the best water 

holding capacities 

• Most garden soils 

sold in Melbourne 

are very sandy 



How is water taken up by plants? 

 Especially important under irrigation 

• ET = evapo-transpiration = plant 

water use 

• LF = leaching fraction 

• EC = electrical conductivity of the 

water (i.e. its salinity) 

 

Example: if applied water had a salinity 

of 1000 mg/L and 95% of the water 

was evapo-transpired, the water at 

the base of the root zone would 

contain 20,000 mg/L of salt.  Can the 

roots survive in that area? 



Develop a water and salt balance! 

• Make sure the dispersal field is loaded to ensure some 

net leaching to remove added salts 

 

• Treat the soil with gypsum (calcium sulphate) to assist the 

removal of excess sodium (Na) 

 

• Carry out a soil chemical analysis to use as a starting 

condition so that trends in soil chemistry over time can be 

determined 



Make sure the soil always is well supplied with soluble calcium 

from gypsum (note typical wastewater composition) 



Final remarks 

• Do not carry out an LCA on the basis of intuition 

 

• Understand the fundamentals of how water behaves in 

the soil – the basics are not difficult 

 

• Understand how soil reacts to water and salts – know 

your basic chemistry 

 

• Learn how to interpret the soil you come across and how 

it is related to local geology and geomorphology 

 


