
The maths 
of water 
conservation 
F o r m o r e than 6 0 0 0 years 

farmers have irrigated 

dry land. But it was no t unt i l 

early this century that 

scientists began to under

stand just what happens 

w h e n water soaks into the 

g round . 

E v e n then, the theory o f 

water f l o w th rough soi l 

p rogressed s lowly , for t w o 

reasons . First, the theorists 

had p r o d u c e d mathemat ica l 

equa t ions that were difficult 

to so lve because o f the 

large changes in f low 

propert ies p roduced by 

relatively small changes in 

the so i l ' s water content . 

S e c o n d , peop le w h o 

w o r k e d o n the land 

ques t ioned the value o f these 

numer i ca l exerc ises in any 

case . ' Y o u can ' t reduce so i l 

to an equa t ion ' , they argued. 

' A s y o u d i g d o w n , y o u c o m e 

across cracks and w o r m 

bur rows , and a few paces to 

o n e side the earth is 

sha l lower or m o r e sandy. 

H o w c o u l d y o u ascribe 

values to s u c h varied 

material? ' 

In the 1950s , D r John 

Ph i l ip , n o w director o f the 

C S I R O Institute o f Phys ica l 

S c i e n c e s , deve loped m e t h o d s 

for so lv ing the mathemat ica l 

p r o b l e m s . T h i s work 

p rov ided the theoret ical 

basis for a rational descr ip

t ion o f water m o v e m e n t in 

soi ls — and indeed o f l iqu id 

f l o w in p o r o u s materials 

general ly . 

S i n c e then, he and other 

researchers at the C S I R O 

Scientists using a 'rainmaker' 
infiltration in native forest. 

D i v i s i o n o f Env i ronmenta l 

M e c h a n i c s have s h o w n that 

the bas ic pr inciples 

gove rn ing water f low in soi ls 

c a n b e applied in a variety o f 

pract ical c i rcumstances . 

D r Ph i l ip and D r D a v i d 

S m i l e s ex tended the theory 

to the f l o w o f water th rough 

swe l l i ng so i l s , co l lo ida l 

suspens ions , and slurries — 

materials that have 

tradit ionally been regarded 

as intractable. T h e y f o u n d 

that the f l o w equat ions were 

s imilar to those for n o n -

swe l l i ng po rous sol ids . 

D r Smi l e s has s h o w n that 

this theory can be used 

wi th no th ing more than a 

p o c k e t ca lcu la tor to predict 

water and so l id distr ibutions 

in s u c h industrial p rocesses 

as the filtration and 

sedimenta t ion o f ' red m u d ' 

slurry (a waste p roduc t f rom 

the p r o c e s s i n g o f bauxi te) , 

phospha te s l ime (a waste 

f rom phospha te ext ract ion) , 

and c lay slurries (p roduced 

in ch ina-c lay m i n i n g and 

sand wash ing ) . 

Recen t ly , other m e m b e r s 

o f the D i v i s i o n have been 

s tudying h o w water m o v e s 

th rough soi ls whi le it is 

ra ining. U s i n g a theory o f 

rainfall infiltration that had 

been deve loped in the 

D i v i s i o n , these scientists 

found they c o u l d accurately 

desc r ibe water m o v e m e n t in 

s imple p o r o u s materials 

under s imulated rain in the 

laboratory. 

to test the theory of water 

T h e maths, then, has been 

tamed, but what abou t the 

p r o b l e m o f so i l ' s hetero

genei ty? Researchers had 

suspec ted that, dur ing rain, 

u p to the t ime that water 

c o l l e c t e d o n the surface, 

c racks and ho l e s m a d e by 

ear thworms, ants, and so o n 

did no t in f luence the f l o w o f 

water. D r Ian W h i t e o f the 

D i v i s i o n and D r Brent 

C lo th ie r , w h o was o n leave 

f rom the Plant P h y s i o l o g y 

D i v i s i o n o f C S l R O ' s N e w 

Z e a l a n d counterpart , D S I R , 

c o n f i r m e d that this was 

indeed true in the f ield for a 

sandy so i l and a l o a m . 

W h e n rain first falls , so i l 

soaks u p water l ike b lo t t ing 

paper, and any cracks and. 

tunnels left by animals 

or dead roots d o no t 

appreciably affect water 

m o v e m e n t . O n c e the so i l has 

absorbed all the water it c a n 

h o l d , the picture radical ly 

c h a n g e s : large pores and 

c racks then fo rm express

ways for water m o v e m e n t . 

T h i s means that it is 

easier to apply the theory o f 

l iqu id f l o w in po rous 

med ia to unsaturated soi ls — 

for example , dur ing 

sprinkler or drip irrigation — 

than to saturated ones , as 

dur ing f l o o d or furrow 

irr igation. 

D r Whi t e and D r Clo th ie r 

wanted to be able to predict 

the answers to three 

important ques t ions . H o w 

deep into the soi l wi l l rain or 

A device developed by the 
Division of Environmental 
Mechanics for measuring 
water-conducting properties of 
soil in the field. 

sprinkler water penetrate? 

H o w is this water distributed 

th rough the soil? A n d h o w 

l o n g can s o m e b o d y c o n t i n u e 

to use a sprinkler before the 

so i l b e c o m e s saturated and 

water co l l e c t s o n the 

surface? 

F o r field u se , the 

researchers s implif ied the 

theory o f water infiltration 

so that answers to these 

quest ions c o u l d be expressed 

in terms o f t w o quickly 

measured propert ies: 

sorptivity, a gathering o f 

various fundamental 

physical properties o f the 

soil that w o u l d be t ime-

c o n s u m i n g to measure 

individual ly; and its 

saturated conduct iv i ty — 

that is , h o w fast water runs 

through the soi l o n c e it is 

saturated. 

Y o u can determine the 

sorptivity in about a quarter 

o f an hour . Y o u simply push 

a brass or steel cyl inder into 

the soi l and p lace o n the soil 

surface a small device , 

specially des igned in the 

Div i s ion , that supplies water 
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to the soi l at sl ightly less 
than a tmospher ic pressure in 
order to e x c l u d e the effect o f 
large pores . 

T h e s e c o n d measurement 
can be made o n the same 
sample after it has been 
excavated f rom the soil . B o t h 
measurements can be m a d e 
rapidly, a l l o w i n g many 
samples to b e examined 
within a c o u p l e o f days. 

Researchers in the 
D i v i s i o n o f Water and L a n d 
Resou rces are us ing the field 
apparatus to examine 
changes in the physical 
properties o f so i l after 
grazing and tree-killing in 
w o o d l a n d . State Depart
ments o f Agr icu l tu re and 
overseas universit ies have 
also expressed interest i n the 
apparatus, w h o s e des ign is 
available to field workers 
f rom D r W h i t e at the 
D i v i s i o n o f Envi ronmenta l 
M e c h a n i c s . 

T h e s implif ied theory has 
already been found useful for 
predict ing water m o v e m e n t 
in both agricultural land and ' 
native forest, and researchers 
are n o w ex tend ing the work 
— for e x a m p l e , to clay soils . 

T h e theory c o u l d prove 
valuable for p e o p l e us ing 
sprinklers. A s imple 
calculat ion wi l l give y o u the 
rate and leng th o f water 
applicat ion for the mos t 
efficient water use. 

T h e theory also helps to 
indicate the best strategy for 
rec la iming saline soils . Here 
unsaturated f l o w , such as 
that p roduced by the 
moderate use o f sprinklers, 

proves best at conserv ing 
water under certain 
cond i t ions , l ike those o n 
s o m e heavy soi l s . 

T h e mathemat ica l 
express ions deve loped for 
rain infiltration c a n be used 
to estimate w h e n the upper 
layers o f the so i l wil l b e c o m e 
saturated and water wil l start 
to f l o w over the surface; this 
c o u l d provide useful 
information to hydrologists 
c o n c e r n e d wi th the supply o f 
water to reservoirs, or wi th 
soil e ros ion . T h e theory can, 
furthermore, b e used to 
predict the effect o f a leaky 
canal o n the water table 
beneath. 

Practical applicat ions o f 
the D i v i s i o n ' s theoretical 
work are no t restricted to 
soil , howeve r . P e o p l e 
are interested in the way 
water f lows th rough a variety 
o f other p o r o u s materials. 

T h e D i v i s i o n has helped 
train scientists f rom bo th the 
C S I R O D i v i s i o n o f Mineral 
Chemistry and A l c o a , 
w h o have been interested in 
learning m o r e about water 
f low in clay slurries and red 
mud . By be ing able to 
predict the o u t c o m e o f 
various slurry treatments, a 
scientist can min imize water 
c o n s u m p t i o n and the 
hazards o f contaminated 
seepage. 

T h e D i v i s i o n has also 
col laborated wi th the 
Australian A t o m i c Energy 
C o m m i s s i o n in taking 
measurements o f water f low 
through a u ran ium-mine 
overburden d u m p at R u m 

Assessing the water-flow properties of a uranium-mine 
overburden dump at Rum Jungle, N.T. 

Jungle, in the Nor thern 
Territory. T h e measure
ments were necessary to 
estimate the amount o f 
seepage th rough the d u m p . 
T h i s seepage, w h i c h was 
highly acid as a result o f 
bacterial ac t ion wi thin the 
d u m p , was leaking into a 
branch o f the F inniss R i v e r s 

T h e D i v i s i o n has 
worked , t oo , wi th scientists 
from the N e w Sou th 
Wales So i l Conservat ion 
Service and the CSIRO 
D i v i s i o n o f Plant Industry, 
w h o are interested in the 
effects o f alternative types o f 
land managemen t on run
off and e ros ion . 
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