
Trees, water, and salt­
a fine balante 
When French explorer Louis de Freycinet touched 
Western Australia 's coastline at Shark Bay in 1818, fresh 
water was so hard to find that his party wondered whether 
the Aborigines drank sea-water. 

Over much of this dry State, saline wuter 
is part or the natural environment. 

lndeetl , the water the Aborigines drank 
- like that consumed by today·~ inhabit­
ants near Perth - did contain some M!ll-~lt 
(although much less than the ocean does). 
Rain here carries a modicum of salt (mainly 
sodium chloride) picked up from sea spray; 
the salt is la ter deposited on land at rates 
of '-30 g p..:r squ;oro,: nu.:tm J.l"' Y"'"· 
Scientists even find small quantit ies of salt 
falling out or clear blue skies. 

The salt builds up in the soil, and levels 
of 50-I 00 kg per sq. m are most common 
in the south-west of the State. Normally , 
an the naturally vegetated condition, the 
amount or salt coming in from above is 
matched by the quantity depnrting via 
streams and groundwater seep:tge, and all 
is well with the world . 

The difficulty arises when the pristine 
environment suffers human dtsturbance. 
We now know that removing native vegeta­
tion and replacing it with pasture alters the 
water balance in the soil: because or 
reduced evapor:uion and transpiration 
from pasture plants. groundwaler levels 
rise, salt is mobilised. and stream salinity 
increases. This process. called secondary 
salinisation. can lead to salt exported by 
stream~ exceeding imports by a factor of 
20. Calculations suggest this state or affairs 
could continue for hundreds of years before 
a new balance is struck. 

In the south-western corner or the State, 
36% or the tota l divertible water n:~ources 
are now classified as brackish-containing 
1000-3000 rng total soluble solids per L­
or saline - having more than 3000 mg 
T .S.S. per L. (The desirable maximum for 
water supplies is 500 mg per L; sea-water 
contains about 30 000 mg per L.) 
Moreover, it has been est imated that a 
further 16% of currently marginal-qua lity 
resources arc at risk of becoming brackish 
if catchm.:nt management measures - in 
addition to clearing bans - aren't initiated 
or continued. A rising trend in stream 
salinity following clearing was first noticed 

early this century, and has continued ever 
since. 

Or Adrian Peck. until recently a hyd­
rologist with the CStRO Division of Water 
Resources in Perth , relates that secondary 
salinity probably contnbutcd to the break­
down of the Sumerian civilisation around 
2500 B. C. He believes that the salinisation 
of water resources could seriously affect the 
wdfaac uf Wc:,l~.;t 11 AuMJdlia.os in the :;;unc 

way as it now affects the lives or the 
inhabitants of parts of India, Paki~tan, 

China, and Thailand 
For example, the salimty of the 

Blackwood River, the largest one withm 
2000 km o f Perth, has increased threefold 
over the last 50 years - its water is now of 
secondary quality . That's an environmental 
e<ttastrophe , in his view. in that the 
Blackwood could otherwise have made a 
major contributton to the water needs of 
the south-west. 

When salt kllls vegetation , the way is 
opened to soil erosion. 



Lokc the fate of the frog that died in the 
~aucepan of wate r. the problem O\\c!> much 
10 a slow bu1ld-up. The frog lacked the 
5Uddcn M1mulu~ to jump out of the steadily 
warming water while it could. ;u1cl we and 
our forcfmhcrs lacked the long pcr,pccti vc 
that would have stopped excessive forest 
clearing in time to prevent wa1er becoming 
too salt) to use. 

In ~omc cases of dryland salinity. clearing 
of land almo~t a century ago may only now 
be producing problems. The area of salted 
land under dryland (non-irrigated) <tgricul­
turc in Australia is expcctccl to double by 
the year 2000. And, according 10 a recent 
report by the Western Australian govern­
ment's select commi11ee on sa linity, the 
potential for salinisation m the State is 
about 10 times the current extent. 

In the troubled Great Southern region. 
the report ~Limates that 30-50% of cleared 
land- up 10 9300 sq. km - could become 
salt-nffccted in less than 20 years. 

Collie River basin 

A good example of one •uch area with a 
mounting salinity problem ts the Collie 
R1ver basm m the south-we~!. By 1976. 
when about one-quarter of the basin's 2800 
sq. km had been cleared. domestiC water 
supply from Wellington Dam , the Collie'• 
main impoundment , had exceeded desira­
ble salinity Standard~ and the Western 
Australian government had introduced a 
ban on clearing (except w11h .1 licence) 
Wlthm the area. 

Effecb or cl coring - an example 
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Wellington Dam is a vital rC'>Ourcc. 
supplying water to 50 sq. km of irrigated 
land (mostly dairy farms) on the coast near 
Bun bury. and to m<tny farms and townships 
between Perth and A lbany. A continued 
rise in the catchment's salt levels g1vcs 
cause for real concern. 

In 1973, >CICnti!>l~ from the CStRO Divi­
sion of Water Resources and the Water 
Resources Section of the Pubhc Works 
Department (now the Hydrology Brunch 
of the Wntcr Authority of Wc~tcrn 

Australia) bcg:1n an intensive study in the 
Collie Ri ver basin with the aim of gelling 
a good grasp on how vegetation. hydrology. 
and salinity arc related. They were as:.1Med 
by the Forest• Department (now part of 
the Department of Conservation and Land 
Management) and the Department of 
Agriculture. 

The study, with funding from the Austra­
li an Water Resources Council, involved the 
close monitoring of five catchments within 
the ba;ln a matched pair (Wights and 
Salmon) 1n a lugh-rainfall area (about 1200 
mm per year). and a trio of simil;u one; 
(Lemon, Ernics, and Dons) in n lower­
rainfall zone (800 mm per year). The map 
on page 4 shows their locations. 

After 3 years of monitoring 10 estnblish 
a baseline, one of the matched pair was 
completely cleared and partial clearing 
strategies were applied to two of the tno. 
This article w1ll •ummarise what the scien­
tists learnt as they studied the response of 
the cmchmcnt\ over more than 10 year.. 

A tale of five cntchmcnts 

All five cmchmcnts, ranging from 82 ha lo 
350 ha, arc IOC3ted in the Darling Range 
within 30 km of the town of Collie. Titey 
were surrounded by Stale forest , and at the 
beginning of the experiment they were all 
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Clearing reduces evupnll'lllll>"Pi:ration, so 
more water reaches the water table. l llis 
rises, carrying salt into the &1ream. 

covered with open J<1rrah woodland. In 
most respects they were typical of the 
Darling Range catchments, which together 
supply 40% of Perth's water. 

The scientists tn~talled more than a 
dozen rain gauge~ and scores of piezomet­
ers (bores to monitor groundwater levels). 
They analysed the recovered soil cores for 
salt and water content ; isotopic composi­
tion of the water was also measu red. 
Installing V-shnped weirs across water­
courses and recording the height of water 
spilling over these gave them a measure of 
stream now out of the catchments. 

Using neutron mobture meters , the 
hydrologists measured the amount of water 
held in the soil above the water table . They 
calculated the inpu t of salt to the catchment 
by measuring the salt content of rain. nnd 
deduced the amount of sail leaving from 
measurement~ of ''ream salinity. 

We lacked the long 
perspective that would have 
stopped excessive forest 
clearing in time. 

Instrumentation was completed by 1974, 
and the trees were clea red in the summer 
of 1976/77 over the whole of Wights 
catchment and hnlf of Lemon, where sheep 
grazing then commenced on a grass and 
clover pasture. Wheat, lupins, and barley 
were planted in the 38% of Dons cmchmcnt 
that was also cleared, while Salmon and 
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In 1976/77' after 2-3 years or 'baseline' 
monitoring, Wights catchment was totally 
cleared, hall of Lemon wa.' cleared, and 
parts or D ons were partially clear ed . 
Salmon and Emies continued as contro l 
ca tchments. 

Ernies remained as the uncleared cont rol 
catchmen ts. 

Since W ights catchment received the 
most radical treatment , and was in a 
higher·rainfall area, it suffered the most 
marked hydrological repercussions. For 
the sake of brevity, most of what follows 
will describe the fate of this ca tchment. 

What happened? 

The effects of clearing were immediate. 
Stream Oow increased and, probably for 
the first time ever, the stream draining 
Wights be~me permanent. Within 3 years 
after clearing, the total annual flow grew 
to an amount 4--7 times grea ter than it had 
been before- instead of the 7% of rainfall 
reaching the stream in 1975, 48% did so in 
1983. Peak Oows after storms also increased 
- to 5-50 times what they had been before. 
After one severe storm in 1985, the peak 
discharge for the day in Wights was 120 
times bigger than that recorded for the 

After clearing, not only did average stream 
Oow Increase, but the stream, once dry in 
summer, became permanent . 

Clearing in<·renses stre~m now 

S1renm flow 
(cu. m per day) 

lnnd clenring 

rcg_ion area 1984 
(ha) 

Northern 86 400 
Central 91 974 
Cr~at Southe111 62 532 
South West 3 090 

South Coast 9217 

253 213 

The Western Australian Department of 
A griculture estimates that the area of 
salinised land In the South West Land 
Division could Increase ten-rold over 
coming decades if water tables keep ljslng 
at current rate.~. 

adjacctll uncleared (and similarly sized) 
Salmon catchment. 

For the partially cleared catchments , 

peak flows ge nerally increased by a factor 
or less than five . 

The export of salt fiom W ights increased 
substantially after clearing. Whereas 
import of sa lt from the sky remained 
reasonably constant a t about 13 g ofT.S.S. 
per sq. m per year. by 1983 the stream was 
carrying away 15 ti mes this figure at an 
average sa linity of 370 mg of T.S.S. per L, 
2·3 times higher than it wou ld have been if 
the catchment had remai ned forested. 

And, as we shall see, there was good 
reason to think that salt levels had on ly 
started to rise. The data show that, a lthough 
a catchment's water balance may quick.ly 
reach a new equi li brium after clearing, the 
salt balance takes many years to readjust 
- and then, because so much salt is stored, 
it ta kes many decades, perhaps even 
centuries, for salt exports to decline again 
to levels matching imports. · 

Surface soils in the area are porous , and 
it's rare for rainfall to be heavy enough to 
create direct surface run-off, and then this 
only occu rs in small areas. Clearing 

increased the volume of surface run-off by 
a factor of 15, but even so this represented 
only about 20% of t he post-clearing stream 
now, the scientists estimate. 

This figure comes from comparing d iffer­
ences in stream Oow between the cleared 
a nd uncleared catchments. Some SO% of 
the addi tional water wa~ discharged at 
times of low now (less than 460 L per 
second}; this leads the scientists to identify 
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this proportion as passing through the 
groundwatcr system. 

A similar analysis for salt suggests that 
97% of the additional salt in the stream 
comes from groundwater. 

Salt and water pathways 

Further detailed analysis allowed the scien­
tists to pin down the source of the salt much 
more precisely. and gives us a revealing 
insight into what is going on beneath the 
surface. 

First we need to understand that , in the 
south·west of Western Australia , a dual 
aqu ifer system is the norm. Near the 
surface, in the porous , coa rse·tex tured soil , 
we find an unconfined aquifer that comes 

and goes according to the abundance of 
recent rainfall . This shallow ·perched' 

aq uifer, up to about 3 m thick , sits above 
a finer-textured clay-like layer in which we 
usually fiod a perennial and more saline 
groundwater system. 

Measurement of Wights in 1980 points 
to an interesting conclusion. While the bulk 
of the water in the stream (56%) passed 
through the shallow perched groundwate r 
layer (and 24% came via the deeper 
groundwater system), the picture for salt 
was reversed. Most of the salt in the stream 
(84%) originated from the deep system 
(and 16% from the perched one). 

Differences in the salinity of the two 
layers can' t account for this contrast . And. 
whereas the surface layer of Wights catch­
ment stored a total of about 180 tonnes of 
soluble salts at the time of clearing, in the 
7 years after clearing more than 720 tonnes 
was carried away in the st ream- without 
sign ifican tl y changi ng the salinity profile. 

Hundreds of tonnes of e~tra salt were 
carried by the stream draining Wigb ts 
catchment after clearing. 

Clenring increases salt exports 
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Me:"urinJ: the rate o r water loos rrom a 
ro rest understo rey. Similar mcn5urerne nl~ 
were done on individual trees, pasture , and 
crops. 

The rcseurchers came to the conclusion 
that the \Ource of the salt is the deep 
perennial groundwater system, thc perched 
aqutfer '' the transfer >latton , and the 
stream ;. the destination. 

Some careful detective work with natural 
water isotopes. described la ter, backs up 
th is conclusion. 

Meusuremems showed how wi th 
rising water wblcs and sloping topogmphy 
- this could happen. l n March 1984. 
ptet(lmCICI"' 'howcd lhat the pressure in 
the deep aquifer was enough to drive water 

into the perched aquifer over 'ome 25% or 
the catchment 's area. Indeed, over about 
15% of the catchment. the pressure could 
drive wnter to the surface. T his wa• an 
enonnous change compared with 1974, 
when less than 1% or the catchment (0·5 
ha) had the potential to develop 'eepagc. 

These areas were the sources that kept 
the >I ream nowing even in summer; mdeed 

the stream's average salinity during summer 
virtual ly matched the salt concentration of 

the deep groundwater (about 1000 mg or 
T .S.S. per 1.). 

or course. because of capillary action. 
soil can become moist for a metre or two 
above where it's saturated. Although moist 
areas don' t cont ribute directly to stream 
now, indirectly they do so by di mini shing 
infiltra tion when it's raini ng. tmd hence 
increasmg run -off. Whereas only 5% of the 
surface of Wight~ was less than 2 m abo,·c 
lhc piezometer level before clearing, 24% 

was b> 1984. 
A neu tron moisture meter confinned 

what the piczometcrs indicated. Within 2 
yea rs of the clwnlc\cover from forest to 
pasture, it showed a significan t incrca'c in 
the amount of water held in unsaturated 
soil. 

Over lhc whole of Wights catchment , the 
minimum ('ummcrtime) amount of water 
stored in unsaturated soil increased by the 
equivalent of 220 mm rainfall in the fir>t 
year, and another 58 mm in the second. 
T he add itional 220 mm represents 24% of 
the previous year's rainfall. At one site . the 
minimum 'ummcr water content at 4-Q m 
depth after cleanng was almost the same 
as the winter maximum before clearing 
took place. 

While a few areas showed increased 
water con tent from 0 to 2 m depth. the 
general picture was for increases to be 
concent rated in the layer 2-6 m down. TI1e 
reason, or cot.tr-c, for a lack of surface 
increase wa~ that the roots of pasture plants 
were at work extracting moisture from the 
top met re or so. 

In fact , the difference between the act ton 
of pasture rooc. and that o f euca lypt root• 
explains much of the changed hydrology 
following clearing. Tree roots extend to 6 
m and mon.:; some investigatiOn$ have 
shown Jarrah rOOtS Stretching down 10 a 
remarkable 40 m. The present ~tudy 

showed that about half of the extra stream 

Taking core samples . A salt profile can be 
conStructed by analysing them piece by 
piece. 

now resulting from forest clearing comes 
from the dimini~hcd ability or pasture to 
extract motsture and transpire it to the atr 

The other half oft he increased no" en me 
from elimi nating, by clcanng, loss of water 
by a process tha t hydrologists call intercep­
tion. T rees cat-ch. or intercept. rain in their 
foliage, and 1 his >OOn evaporates. Well­
grazed pasture grasses hold virtually no 
rain; instead. water that would othel'\\be 
have been mtercepted and evaporated 
finds its way into the soil and eventuall) 
mto 1he stream. 

Prison ers of time 

As cxi ra water soaked in , the water table 
inevi1ably rose . In the fully cleared cmch­
mcnt the initial rate or rise was at lea,t 2·6 
m per year (an e~tra 65 mm of recharge. 
or 6% of annual ramfall. could have been 
enough 10 do thi~) whereas in the partially 
cleared ones the annual rise was a smaller 

0·9 m . 
Superimposed on the rise was an ann ual 

nuctuation usually amounting 10 1-4 m. If 
the groundwa ter store ac1ed li ke a bucket , 
you might exi)CCI the peaks to occur many 
months after October - when the winter 
rains have finished and the w:ucr has had 

time to soak slowly down through the clay. 
Lnstead, t he hydrologists recorded 

maximum wmcr-wble levels around 
October. T he earlier-than-expected peak is 
evidence that the bucket is very 'leaky'­
a circumsl:mce that shifts lhe maximum 
level towards timeS Of greaiCSI recharge 
rates (July). 

By carefully recording the dynamics of 
the water table in response to rainfall . the 
scientists could calculate precise figures for 
percola tion limes nnd leakage rates. T heir 
measurements indicate th ut the percola tion 
rate is much fa•tcr than you would expect 

Immediately after Wights catchment was 
cleared in 1977, groundwater le,•elH tart cd 
rising. In the matched rorested (jltchmcn t 
(Salmon) ther e wus lillle dumge Ol'Cr the 
years. 

Grou nclwntc r rises after clearing 
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Trees as groundwater pumps 

lC bulldozing of trees has had S\Jcb a clear 
effect in raising water tables. might not 
replanring them be the best remedy for 
salinity problems? 

Of course. that"s true where wholes;•le 
replanting is possible. 

For example, early this century. trees in 
parts of the Helena River catchment were 
ringbarked to increase the water volume 
flowing into the Mundaring Weir (the 
water source for the Kalgoorlic goldfields). 
Unfortunately, salinity levels rose along 
with water yields. 

Reforestation was tried as an antidote. 
It worked , and today the goldfields region 
still gelS its water Crom Mundaring. Part$ 
of the Coll.ie River basin are now also being 
reforested as a step towards reducing 
salinity in Wellington reservoir. 

But we ca.n't reforest everything and still 
have farmland left to farm. Can a smaller 
antidote do the trick? 

The Collie catchment studies have shown 
that. under pasture, the amount of rainfall 
reaching groundwater is only 25-75 mm per 
year. This is small, and suggests that only 
a small strategic part of a farm may need 
to be planted with trees to prevent the 
groundwater level rising. 

I.n co-oper~tion with government depart­
ments , Dr Eric Greenwood and colleagues 

for clay, and this anomaly is strong evidence 
for the existence of cracks and root 
channels that let water trickle down rapidly 
to the water table. We will point to the 
significance of these preferred water path­
ways for salt movement larer on. 

The significance of the other derived 
figure- the ' leakage· rate, or outflow via 
streams - connect.s with predictions of 

After the scientists had mea.~ured the salt 
profile in a tore tnken from the forested 
Salmon catchment, they calculated the net 
water Dux tb at could have given rise to iL 
A build-up of salt at u certain depth is a 
sign that the downward flow of water has 
diminished - because of uptake by tree 
roots. 

at the CSIRO Division of Water Resources 
have been conducting experiments to mea­
sure the capacity of trees to pump ground­
water from the root zone and transpire it 
through their leaves. 

They have wrapped individua l trees in 
transparent plastic. pumped air through the 
package at a known rate, and mea,~ured the 
water lost as humidity in the air. They have 
found that the transpiration rate depends 
mainly on depth of the roots , depth to the 
water table, saliniry and oxygen content of 
the groundwater. and leafiness of the 
canopy. 

Certain eucalypts were outstanding. In 
an SOO·mm-rainfall ?.one, plantations of 
Eucolypll.ls globulu.~· (blue gum) and E. 
c/adocalyx (sugar gum) could annually 
dissipate 2-4 times the amoun t of rain that 
fell on them, compared with only 0·6times 
for pastu[e. 

Not so long ago, farmers got tax deduc­
tions for clearing; now incentives are given 
for fencing off surviving bush, and for 
replanting. This year, Western Australian 
farmers will plant about 12 million trees. 

The hydraulic role of vegetation in the 
development and reclamation of dryland 
salinity. E.A.N. Greenwood. In 'The 
Reconstruction of Disrurbed Arid 

what the long-term fate of a catchment 
might be. For example, although increases 
in stret•m flow began only a year after 
clearing Wights catchment, and soil water 
content in the top 6 m appeared to have 
stabilised within a few years, 7 years later 
stream flow as a percentage of rainfall was 
still increasing steadily. closely matching 
the expansion of 1 be grOLmdwa ter discharge 
area. 

After 7 years, discharge from the stream 
was about 80% of recharge , and it 's 
currently about 90% . For other aspects of 
water and salt movement , balance was even 
slower tO achieve - it takes about 5 years 
for the unsatmated zone to achieve a new 
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First comes the clearing, next comes the 
salt . 

Lands', ed. E. B. Alien. (Wcstview 
Press: Boulder 1988.) 

Water use by trees and shrubs for lowering 
saline groundwater. E.A.N. Green· 
wood. Reclamation and Revegewiion 
Research, 1986, S, 423-34. 

Differences in annual evaporation between 
grazed p:,stu re and eucalyptus species 
in plantations en a saline farm catch­
ment. E.A.N. Greenwood. L. Klein. 
J .D. Bercsford, and G.D. Watson. 
JoumaJ of Hydrology, 1985, 78,261-78. 

equilibrium, and 20 years or more for the 
deep groundwater system to do so. In the 
lower-rainfall-zone catchments , the time 
factors arc larger sti ll. 

For exarmple, in Lemon and Dons catch­
ments , the scientists predict a 12-year delay 
after clearing (about now) before the deep 
groundwa1er starts to affect stream now, 
and it will take until about the year 20 10, 
they expect. to establish a new equilibrium 
in stream flow . These delays of 10-40 years 
explain why salinity levels in Wellington 
Dam only became a problem in the 1970s, 
whereas much of the clearing in the are~ 
took place decades earlier. 

Once a new water balance has been 
struck. salt can readjust too, but this is a 
much longer process again . 

In Wights catchment , examination of 
salinity profiles tells us that an average 4300 
g of sa lt li es beneath each square metre of 
the surface. Over the last 3 years of 
measurement, about 90 g of salt per sq. m 
was lost from the catchment, so if that rate 
holds constant it will take some 50 years 
for all the salt to be leached away. 

Of course, the salt loss won't remain 
constant, but will taper off. It's better to 



speak of a half-life of salt dissipation. and 
this is likely to beabout30 years for Wights. 
For the drier cntchmems, where salt levels 
are hagher (22 000 g per sq. m) and a new 
water balance takes longer to achieve, a 
half-life of 500 years is expected. On the 
basis of these figures, the salt problem 
induced by clearing will be with Western 
Australian~ for a long time. 

Channels through the day 

We saw earlier that, because clay is fairly 
impermeable, one would expect that water 
should take several months to percolate 
down to the wntcr table . Below Sm depth, 
recharge rates of 2- 5 mm per year (for 
western catchments) and 0·4 mm per year 
(for eastern ones) are mferred from analysis 
of salt profiles. 

Yet, at many sites. the water table -
surprisingly - was seen to respond in a 

matter of hours. Rates of water movement 
of about I m per hour could only be 
explained by the existence of isolated 
cracks and root channels in the clay. These 
preferred water pathways make it impossi­
ble for hydrologists to calculate the average 
permeability of the landscape by drilling a 
number of 'representative' soil cores. In the 
present exercise, tha> S<:ientists discovered 
that the hydrnuhe conductivity of the soil 
varied very markedly from one bore hole 
to another- for example, values for two 
bores on ly 5 m apan could register as2 and 
100 mm per year. 

At one bore hole, which must have been 
located - fortuitously- right on top of a 
channel, a groundwater ·mound' a few 
metres high and several metres across built 
up within l2 hours of heavy rain. and 
disappeared again over the nert 2-4 days. 

The significance of these preferred chan­
nels is that water flowing in them has 
limited opportunity to leach the salt that is 
mainly held within the relatively impem1e· 
able clay. 111e salt therefore stays in the 
upper reaches of the soil profile until such 
time as the water table rises to flood the 
salty region. This is one reason why salt 
takes so long to be cleared from the 
landS<:ape. 

Water carries natural tracers 

Up to now, hydrologists have had to infer 
most of the key quantities they sought -
for e~ample, they calculated recharge rates 
from considerations of rainfall and stream 
Oow. 

Recently, however. they have begun tO 
use naturally occurring tracers - tritium. 
deuterium. oxygcn- 18, and chloride ion­
to more directly measure the flow of water 
through the ground. 

Chloride ion is simply one part of the 
sodium chloride that has built up in the soil 
after a journey from the sea. From a fairly 
constant concentration in raindrops, the 
salt concentration in the soil varies enorm­
ously with depth, we find. Why? 

One major reason is that tree roots suck 
up w~ter but not much saiL A bulge in the 

salt profile- normally at 5-10 m depth ­
indicates where tree roots have been most 
active. Every winter. rains supply moisture 
to the root zone, and every summer the 
roots dry it out again in a sequence that h:b 
been repeated thousands of times. 

Another factor influencing chloride con­
centration is the rate at which water flows 

Planting trees for Wellington Dam's sake 

Wellington Dam, the main impoundment 
in the Collie River catchment , has a 
growing salinity problem; one counter­
measure - reforestation -may just keep 
water quality acceptable. 

Despite a ban on further clearing in 1976. 
when about a quarter of the basin's 2800 
sq. km had been cleared, salinity levels 
have continued to move upward. As the 
graph shows, they arc presently hovering 
about 1000 mg T.S.S. per L - on the 
borderline between ' marginal ' and 'brac­
kish'. Will the upward t rend continue '? 

The Collie ca tchment studies have allow­
ed hydrologists to calculate future salinity 
levels more accura tely. Results have con­
firmed estimates made at the time of the 
clearing-control legislation that. if nothing 
else were done. the quality of water for 
both irrigation and town use would become 
unacceptable - panicularly in dry years. 

They also confirm tbe value of a re­
forestation program that began in 1979. 
Each year, the Water Authority of Western 
Australia (WAWA) plants an extra 7-8 sq. 
krn to treeh. More than 50 sq. km of cleared 
farmland have now been replanted with a 
variety or eucalypts. 

In accorda nce with tbe hydrological 
findings. planting has been done in the 
drier (saltier) third of the catchment, and 
focuses on the floors and lower slopes of 
valleys. Under the current program. some 
80 sq. km will be reforested by the early 
1990s. at an expected cost of $15 million. 

Water Authority hydrologists have 
recorded reducrions in groundwa tcr levels 
under many of the moni tored plantings. 

Ri~ing solinity in Wellington Dam 

>Ohnny (mg of 101~1 :«>luble 'Oiid' per 1.) 

Falls have been largest where the planted 
areas covered 30% or more of the cleared 
land. Plantings over less than 20% of the 
landscape have, to date, shown lillle effect. 

The hydrologists expect that the trees 
will reduce ground water diS<:harge by about 
70% over the most t roublesome 500 sq. 
km. Ultimately. salinity should stabilise at 
about 950 mg T.S.S. per L-a just·acccpt· 
able level - and 200 mg better than it 
o therwise would have been. 

Of course, while they may do the trick, 
trees arc slow to take effect. They won't 
significantly reduce salinity levels until the 
mid to late 1990s. However, thci r effect 
should be sufficient to keep the water good 
enough for irrigation on the coastal plam 
(90% of Wellington Dam's water is used 
this way). 

But 10% of supply is drinking water for 
towM in the southern wheat belt. and the 
Wtltcr is already too saline for that to 
continue. 

A new source is needed , and by 1991 
fresh water (250 mg T .S.S. per L) will be 
coming from the Harris Dam. an impound­
ment scheme under way on a forcsted 
tributary of the Collie. 

WAWA is presently considering whether 
to expand the reforestation program, wath 
the aim of returning all of Wellington 
Dam's water to drinking quality. 

Salinity levels of inOow into Wellington 
Dam, the main impoundment on the Collie 
RJver, a re ristng. The trend Is typical of 
many streams in the south-west. Currently 
24% of I he Cllldunent is cleared ; controls 
now in place will limit further clearing. 
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through the bulge, flushing sa lt downwards. 
From a giv~n profile o f chloride conccnt ra­
tion , scientists can work out the relative 
flux of water at each depth (see the diagram 
on page 6 for an example). 

When hydrologists did this for the pre­
sent study, they found out just how 
significant cracks and root channels were. 
Only a very small fraction - 0·05% to 
0·4% - of rainfal l reaches the water table 
through the bulk of the unsaturated soil. 
The rest bypasses that route through the 
preferred water pathways (which occupy a 

very ~mall proportion of the landscape). 
A channel 2 mm in diameter, they 

calculate, could transport as much water as 
37 sq. m of its surrounding clay matrix. 

Preferred channels also explain a puzz­
ling result involving radioactive tritium. 
Tritium- hydrogcn-3 - has been present 
in water m small quantities since the 1950s, 
when nuclear weapon~ were tested in the 
atmosphere. The scienu IS used a liquid 
scmullation counter to detect it$ decay in 
groundwater samples. 

The puvle concerned the detection of 
tritium at depths of up 10 6 111 , indicating 
that rain from "~thin the last 30 years had 

Many or tbe sudden changes i n the 
deuterium content of the blream can be 
tr11ced bade to deuterium anomalies in 
particular falls of rain some time previously. 
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reached this depth. Yet , if the water flux 
figures derived from chloride abundance 
were to be believed, rain should take some 
1700 years to get tbat far. 

The disagreement vanishes if we see 
water and salt ~s. to a fnir degree. 
preferring to travel different paths in their 
tonuous journey through the soil . Salt , 
discriminated against by tree roots. tends 
to end up in clay just below the root zone, 
while water tends to trickle down through 
cracks in to the deep permanent groundwa­
ter system. 

Isotopic signatures 

A mas~ spectromeler is the latest r~ddition 
to the hydrologist's tool-box. With it the 
researcher can identify the isotopic signa­
ture of individual ramfall events and trace 
the path of the rain as it percolates mto the 
ground and 11110 a stream. 

The signature the hydrologist seeks 
derives from the the varying proportions of 
deuterium (hydrogen-2) and oxygen- l8 
contained in water samples. The variation 
comes about because each fall of rain 
originates from water vapour that has 
evaporated and condensed under a unique 
temperature pattern; temperature deter­
mines the isotopic mixture of water 
molecules because each isotope posse~ses 
slight ly different volatility. 

For example, the rain that fel l o n a 

forested catchment. Salmon, on May 25, 
1985, was depleted in oxygen-18 by 0·4% 
(compared with standard water) and in 
deuterium by 1·8%. Water sampled from 
the stream at that time had a very similar 
isotopic signature. The stream's isotopic 
composi tion then quickly changed, veering 
towards the signature of a previous rninfall 
on April 9. 

Then on J une 9. more rain came, and 
the stream's ISOtopes repeated this pattern. 
A!> the season progressed, it became harder 
to distinguish individual rainfall events in 
the stream. lt seems that. as the shallow 
groundwater store fills up, later rain 
become• mixed and di luted wi th a bigger 
store. Indeed. isotope ana lysis of water 
taken from shallow bores showed profiles 
that were remarkably uniform. indicating 
that the indivtdual fall$ had , over a year, 
become well mued in the shallow ground· 
water. 

Deep groundwater was also very 
uniforn1 , but in thjs case the degree of 
mixing observed entailed the mingling of 
water from severa l years' rain . 

The isotopic signatures of shallow and 
deep groundwaters clearly differed. and 
the researchers found that the stream-flow 
isoto~ matched the shallow groundwater 

isotopes quite closely. For {our well -iden· 
tified falls of rain, between 60 and 95% of 
the stream now originated from water 
stored in shallow groundwater. 

Mathematically correlating a series of 
rain and ~tream isotopes gave an average 
time lag between the two of 20-50 days. 
The 'age' of the stream water tended tO 
decrease after rain und then increase :again. 

Precious water 

We now have, for the first time, a complete 
picture of the ~~~~ and outs of salt -prone 
catchments. We also have a measure of the 
difference th;at vegetation make~ to the 
water budget, and this recharge figure is 
the key quantity all salinity countermea­
sures must try to neu tralise. The effective­
ness of one approach to reversing the 
salinity problem - replanting trees - is 
diseu~scd in the box on page 6. 

But whether we plant trees. use engineer­
ing remedies, or change agricultural prac­
tices , we can now appreciate that fresh 
water in the Darling Range - a precious 
commodity - hangs upon an especially 
fine balance. 

Andrew 8~11 
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