
Thirsty Sydney is expected to consume 2700 megalitres 
of water a day by the end of this century, nearly double 
the present figure and well beyond the supply 
capabilities of existing headworks. 

T o mee t the demand , the Met ropol i t an 

Water Sewerage and Dra inage Board has 

i m p l e m e n t e d a s c h e m e to br ing to Sydney 

the waters o f the Shoa lhaven , a river that 

ou t f lows near N o w r a , 160 k m away. T h e 

headwaters o f the S h o a l h a v e n arise in 

count ry near B r a i d w o o d , east o f Canberra. 

T h a t the water must b e p u m p e d uphi l l is 

s o m e t h i n g o f a disadvantage; t w o p u m p 

ing stations wil l need to c o n s u m e suffi

c ien t electr ici ty each day to lift 3 m i l l i o n 

tonnes o f water a he igh t o f m o r e than 6 0 0 

metres. 

B u t the B o a r d ' s c a r e f u l l y p l a n n e d 

Shoa lhaven s c h e m e turns this feature to 

advantage. Engineers have des igned a re

versible system whereby water can be re

leased to f l o w back d o w n h i l l th rough the 

condu i t s and generate electr ici ty. In this 

way, the p u m p i n g stations that c o n s u m e 

off-peak p o w e r can be turned into p o w e r 

stations at t imes o f peak demand . T h e t w o 

p u m p i n g stations invo lved have a c o m 

b i n e d generat ing capaci ty o f 4 0 0 M W . 

T h e first s t age o f t he S h o a l h a v e n 

s c h e m e shou ld be f in ished next year w h e n 

the Glenquarry p ipe l ine is installed, al

l o w i n g water f rom the Shoa lhaven River 

to reach Sydney for the first t ime. T h e 

other major works in the s c h e m e , esti

mated to cos t $130 m i l l i o n , are desc r ibed 

in the b o x (see page 12). A t a later t ime, a 

s e c o n d stage invo lv ing the cons t ruc t ion 

o f a d a m o n the upper reaches o f the 

S h o a l h a v e n wi l l be cons t ruc t ed . T h i s 

W e l c o m e R e e f dam wi l l ul t imately ho ld 

back 2 •7 m i l l i o n M l o f water in a lake area 

o f 155 sq k m , ensur ing that little water 

escapes i m p o u n d m e n t at t imes o f f l o o d 

and carrying the supply through per iods 

o f drought . 

W h e n c o m p l e t e d , t he S h o a l h a v e n 

s c h e m e shou ld a l l o w nearly the w h o l e 

f l o w o f t he S h o a l h a v e n R i v e r 

at N o w r a — 4 5 0 0 M l a day — to be har

n e s s e d for the u s e o f S y d n e y and the 

Sou th Coast . It wi l l nearly d o u b l e Syd

ney 's water supply. 

T h e run -o f f i n to the S h o a l h a v e n is 

equivalent to about 2 8 % o f the annual 

rainfall over the 7300 sq k m o f the catch

m e n t — a r e l a t i ve ly h i g h p e r c e n t a g e 

(more than one-third greater than the av

erage for coastal basins i n N e w Sou th 

Wales and m o r e than five t imes the aver

age for the State). In part this is due to the 

h i g h average rainfall o f 900 m m , b rought 

abou t by a number o f h igh-e levat ion areas 

(rainfall in genera l inc reases w i th al

t i tude). T h e h i g h g round that forms the 

headwaters o f the K a n g a r o o River in the 

v ic in i ty o f R o b e r t s o n has an annual m e a n 

rainfall o f about 1500 m m . P r o l o n g e d dry 

spel ls are infrequent , a l t hough stream 

f l o w varies wide ly here, as it does in mos t 

Austral ian rivers. 

S o far so g o o d . But what d is t inguishes 

the S h o a l h a v e n c a t c h m e n t f r o m m o s t 

other major urban water supply ca tch

ments th roughout Austral ia is that it is 

not reserved exc lus ive ly for its water sup

ply funct ion. In the Shoa lhaven w e find a 

w ide spec t rum o f land use . A b o u t 3 0 % o f 

the ca t chmen t is cove red by native pas

ture, 1 5 % by improved pasture, and the 

remain ing 5 5 % main ly by native t imber. 

Da i ry ing is the pr incipal agricultural 

industry in the lower Shoa lhaven Va l l ey ; 
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o f the others , the g r o w i n g o f fodder — 
such as maize , l uce rne , and oats — is the 
m a i n o n e . R o w and field c rops take u p 
about 2 % o f the total area. L a n d use in the 
upper reaches o f the Va l l ey is ma in ly c o n 
f ined to sheep grazing, wi th s o m e cattle 
p r o d u c t i o n as we l l . 

S ignif icant ly , there is a general trend 
towards i m p r o v i n g native pastures, clear
i ng native forests for the es tabl ishment o f 
p ine plantat ions and n e w pastures, and 
a lso conver t ing grazing land to p ine p lan-
tations. S u c h changes wi l l obv ious ly alter 
the a m o u n t o f run-off, but there is little 
ev idence to tell us by h o w m u c h . Even 
t h o u g h c o n v e r s i o n o f eucalypt forest to 
p ine forest is widespread i n southern A u 
stralia, no t e n o u g h informat ion has been 
co l l ec t ed to indicate whether the run-off 
w i l l b e i n c r e a s e d or d e c r e a s e d . S o m e 
sugges t ive results have b e e n reported in 
an earlier i ssue , h o w e v e r ( 'Forests , grass
land, and water ca tchments ' , Ecos 6). 

Land use changes 

D r A l a n A s t o n and M r Frank D u n i n , o f 
the E c o l o g y S e c t i o n o f the CSIRO D i v i 
s ion o f Plant Industry, have recent ly c o m 
pleted a 6-year study i n the Shoa lhaven 
ca t chmen t a imed at f ind ing out the l ikely 

When native pasture, typically kangaroo 
grass and tussocks (left), is replaced by 
highly productive grasses and legumes 
(right), more water is consumed. As a 
result stream flow is reduced. 

c o n s e q u e n c e s o f l and use c h a n g e s for 
stream f l o w . T h e i r results a lso indicate 
changes that c o u l d c o m e about in other 
ca tchments where pressure for mul t ip le 
use is m o u n t i n g . 

T h e m a i n f inding is that, if all suitable 
count ry was conver ted f rom bush land to 
improved pasture, stream f l o w w o u l d be 
reduced by 28 % in a year o f average rain
fall. 

T h e pair devised a c o m p u t e r m o d e l to 
arrive at this result. It e n c o m p a s s e d t w o 
major sub-catchments o f the Shoa lhaven 
and enabled the researchers to examine 
w h e r e water went after fal l ing as rain. T h e 
m a i n hyd ro log i ca l p rocesses — intercep
t ion o f rainfall by fo l i age , infiltration in to 
the so i l , drainage to the water table, evap
ora t ion and t ranspirat ion, and surface 
f l o w — are all descr ibed mathematical ly . 
T h e c o m p u t e r m o d e l c a n evaluate the 
quant i ty o f water f l o w i n g at e a c h 15-
minu te interval and at each phase o f the 
water 's travel. 

Many pine plantations are,springing up 
on native pasture in the Shoalhaven 
catchment. These trees use a lot of 
water, reducing the amount of run-off. 

In other words , the m o d e l can calcula te 
the a m o u n t o f water f l o w i n g in a stream 
s imply f rom the a m o u n t o f rain fal l ing. 
T h i s is the first such 'determinis t ic ' hyd
ro log ica l m o d e l deve loped in Austral ia . 
A l l p revious m o d e l s have used stream-
f l o w informat ion f rom gaug ing stations to 
'op t imize ' the parameters o f a m o d e l to 
acco rd wi th different rainfall patterns (see 
the article o n page 29) . 

Fur thermore , the n e w m o d e l has been 
remarkably accurate; the c o m p u t e d an
nual stream f l o w ma tched the observed 
annual stream f l o w to wi th in 10%. T h i s 
gives c o n f i d e n c e that its predic t ions o f 
f l o w , w h e n vegeta t ion cove r changes are 
s imulated, are reasonably correct . 

But o f cour se the pr ice paid for this 
sophis t icated m o d e l is a lo t o f t ime and 
effort expended in the field detai l ing the 
p rec i se characterist ics o f so i l , vegeta t ion, 
evaporat ion rates, and rainfall distribu
t ion. 

T o make the enterprise pract icable , D r 
A s t o n and M r D u n i n restr icted them
selves to the upper Shoa lha ven Va l l ey 
above W e l c o m e Reef . Even so , the t w o 
sub-ca tchments se lec ted for study — the 
Shoa lhaven at Warri and the M o n g a r l o w e 
at M a r l o w — have a c o m b i n e d area o f 
nearly 2 0 0 0 sq km. T h i s area suppl ies the 
major storage reservoir in the p roposed 
s e c o n d stage o f the s c h e m e . Fur thermore , 
it is the area where major c h a n g e s in land 
use are be ing undertaken. T h e c o m b i n e d 
f low f rom these two streams p roduces at 
least 7 4 % o f the f l o w at W e l c o m e R e e f — 
some t imes u p to 9 0 % . 

The model can calculate the 
amount of water flowing in 
a stream simply from the 
amount of rain falling. 

Lots of data 

A ne twork o f 11 c l imate stations was set 
u p a round the ca t chmen t to supply bas ic 
m e t e o r o l o g i c a l in format ion — humidi ty , 
w i n d speed , temperature (all needed to 
ca lcu la te evapora t ion) , and rainfall. A t 
each site, data were r eco rded fortnightly 
over 2 years. Water ba lance studies were 
a lso undertaken us ing a neut ron mois tu re 
meter . T h i s a l l owed the water-use rates o f 
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Wingecarribee Reservoir, showing the 
Glenquarry Cut outlet. 

A section of the Kangaroo pipeline, with 
a surge tank visible at the top. 

Headwaters of Lake Yarrunga, occupying 
the Kangaroo River valley. 

var ious vegeta t ion types, such as native 

grassland, w o o d l a n d , p ine plantat ion, and 

so o n , to be compared . So i l co res were 

taken to de te rmine water seepage th rough 

them. 

Aer ia l pho tog raphs supp l ied data o n 

vegeta t ion type and a lso s lope . T h i s in

format ion was c o m b i n e d with soi l type 

d i s t r i b u t i o n d e r i v e d f r o m s o i l m a p s . 

T h u s , the researchers were able to d iv ide 

the upper S h o a l h a v e n in to smal l l and 

ce l l s each about 17 hectares . L a n d ce l l s 

wi th the same characterist ics were c o m 

b i n e d to make h y d r o l o g i c zones . T h e o r e t 

ical ly , ten rainfall r eg ions , six s lopes , five 

vegeta t ion cove r s , and seven so i l types 

c o u l d y ie ld 2 1 0 0 c o m b i n a t i o n s . For tu

nately for the research pair and the easy 

runn ing o f their m o d e l , n o m o r e than 150 

c o m b i n a t i o n s , o r u n i q u e h y d r o l o g i c 

z o n e s , w e r e o b t a i n e d i n a n y s u b -

ca tchment . 

Ac tua l ly , the researchers did no t mea

sure s o m e parameters — such as the resis

tance o f vegeta t ion to over land f l o w . In

stead, they made estimates based o n the 

best k n o w l e d g e to date. H o w e v e r , these 

a s sumpt ions are un l i ke ly to affect the 

final result by m u c h . Indeed the largest 

error is probably due to the assumpt ion 

that eucalypts and p ines d o no t differ in 

the way they, use water. M o s t l ikely they 

d o , but in the a b s e n c e o f any re l iable 

f igures, the error, probably smal l , must 

remain . 

H o w e v e r , the m o d e l is des igned to cal

culate the total ca t chmen t water y ie ld , 

rather than the rate o f run-off. If the latter 

(a f l o o d hydrograph) were required, then 

m u c h m o r e p r e c i s e data w o u l d b e re

quired and the m o d e l w o u l d n e e d modi f i 

ca t ion . T h e alternative is to use the estab

l i shed empir ica l m e t h o d s , where stream 

f l o w is extrapolated f rom measured river 

heights at k n o w n rainfall rates. 

Wi th the present m o d e l , if it rains the 

ca t chmen t sheds a quantity o f water, and 

the j o b o f the m o d e l is to tell us approxi-

Water at the bottom of this picture is 
lifted across the ridge at the top, a height 
of more than 600 metres. Starting from 
Lake Yarrunga, intermediate visible 
features are: Bendeela Pumping Station, 
pipeline and surge tank, Bendeela 
Pondage, and Kangaroo Valley Pumping 
Station. 

mately h o w m u c h . A n important cons id 

eration, therefore, is to k n o w h o w m u c h 

rain falls over the ca tchment . F o r accu 

racy , the m o d e l r equ i res to k n o w the 

a m o u n t o f rain that fel l in each 15-minute 

interval. It was not poss ib l e to measure 

this quan t i ty at a l l h y d r o l o g i c z o n e s 

th roughout the study area, so the team 

resorted to the f o l l o w i n g strategy. 

U s i n g annual rainfall f igures derived 

f rom the exis t ing ne twork o f rain gauges 

t h r o u g h o u t t he a rea , t he t e a m d r e w 

isohyets and ass igned a rainfall f igure, ad

justed for altitude, to sites be tween these 

l ines . T h e nex t step was to use rainfall 

r e c o r d e d c o n t i n u o u s l y at K r a w a r e e 

(wi th in the ca tchment ) f rom January 1973 

to D e c e m b e r 1974 as the gove rn ing figure, 

for the w h o l e ca tchment . T h a t is , e ach 

site was adjudged to have received the 

Krawaree rainfall pattern modi f i ed by a 

we igh t ing derived f rom its annual total. 

T h i s t echn ique may be the weakest l ink 

in the w h o l e exerc i se , a c c o r d i n g to M r 

D u n i n , but in pract ice it seems to w o r k 

we l l , perhaps because o f the nearly over

w h e l m i n g e f fec t o f h e a v y , p ro t r ac t ed 

s torms in cont r ibut ing to yearly rainfall 

totals. 

Simulated changes 

W i t h the m o d e l n o w ready, it c o u l d be 

used for its purpose — as a too l to simulate 

l and u s e c h a n g e s . T h e t eam 'a l tered ' 

exis t ing vegeta t ion by in t roduc ing a n e w 

set o f plant parameters and ran the m o d e l 

wi th the same rainfall data f rom the 2-year 

pe r iod as before . 

T h e y adhered to certain constraints so 

as to c o m p l y wi th exis t ing land manage

m e n t pract ices . O n l y areas wi th s lopes 

less than 2 0 % were subjec t to vegetat ion 

c h a n g e . T o c o r r e s p o n d wi th Fores t ry 

The scientists concentrated their efforts 
on the two sub-catchments shown. These 
areas contribute up to 90% of the river 
flow at Welcome Reef, and major 
changes in land use are occurring there. 
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C o m m i s s i o n pract ice in the M o n g a r l o w e 
sub-ca tchmen t , p ine plantat ions w o u l d 
no t be establ ished in areas rece iv ing less 
than 8 9 0 m m average annua l rainfal l . 
T h i s constraint was re laxed for the Warri 
s u b - c a t c h m e n t , as c o m m e r c i a l planta
t ions have been establ ished o n f reehold 
land wi th l o w e r rainfall. 

D r A s t o n and M r D u n i n cons ide red ex
t reme examples o f the extent o f poss ib l e 
c h a n g e in land use . T h e s e were : conver 
s ion o f native pasture to improved pasture 
in both sub-ca tchments , es tabl ishment o f 
p i n e p lan ta t ions o n e x i s t i n g e u c a l y p t 
forest in the M o n g a r l o w e sub-ca tchment , 
and the rep lacement o f bo th types o f pas
ture wi th p ine plantat ions in the Warri 
sub-ca tchment . A l t h o u g h ext reme in ex
tent, these s imula t ions were realistic in 
the sense that they represented the ulti
mate p ro jec t ions o f exis t ing trends. 

The team 'altered' existing 
vegetation by introducing a 
new set of plant parameters. 

Simula t ions cove red 1973 and 1974, a 
c o m p l e t e set o f data be ing available for 
this t ime. T h e s e two years served as a 
g o o d test for the m o d e l in that 1973 was an 
average-rainfall year w h i l e 1974 was an 
ext reme year, wi th record h i g h annual 
rainfall in s o m e p laces and unusua l ly 
h i g h stream-flow readings . 

Results 

After the c o m p u t e r had g o n e th rough its 
paces , it s h o w e d that the greatest c h a n g e 
in stream f l o w o c c u r r e d in the Warri sub-
ca tchment , wi th reduc t ions o f 3 2 % (aver
age year) and 2 6 % (wet year) w h e n pas
ture, cove r ing half the ca tchment area, 
was conver ted to p ine plantat ions. T h i s 
severe decrease can be attributed to grea
ter evaporat ion f rom pines than pasture, 
bo th by transpiration and by evaporat ion 
f rom rain-coated fo l iage . 

L o o k i n g at the effect o f pasture i m 
p rovemen t o n m o r e than 2 4 % o f the Warri 
sub-ca tchment and 51 % o f the M o n g a r 
l o w e o n e , the clear result was reduc t ions 
in stream f l o w o f 24 and 28 % respect ively, 
for the average 1973 year. F o r the wet 
year, 1974, on ly m i n o r reduc t ions c o u l d 
be seen. T h i s result reflects the greater 
c o n s u m p t i o n o f water by exo t i c spec ies . 
Nat ive pastures o f spec ies l ike kangaroo 
grass are pract ical ly dormant in winter , 
l eading to little transpiration loss , and 
their smaller leaf area means less evapora
t ion loss f rom wet leaves. Improved pas
ture therefore dries out the soi l m o r e , and 
subsequent rain is thus m o r e i nc l i ned to 
soak in rather than run off. 

Measuring soil moisture content with a 
neutron moisture meter. 

For the two sub-catchments, the 
measured monthly stream flow is plotted 
against the stream flow as calculated by 
the computer model. The points lie fairly 
close to the line, showing the good 
performance of the model. 

Fina l ly , the m o d e l d i s c l o s e d that c o n 
vers ion o f w o o d l a n d to p ine plantations in 
the M o n g a r l o w e s u b - c a t c h m e n t had a 
neg l i g ib l e effect. T h i s is no t to say that 
the c h a n g e is hydro log ica l ly unimportant . 
R a t h e r , the l a c k o f d i s c e r n i b l e e f fec t 
ma in ly resulted because , d u e to the c o n 
straints o f s lope and rainfall, on ly 3 % o f 
the area was altered. Fur the rmore , be 
cause o f l ack o f data, the researchers as
s u m e d that the o n l y difference be tween 
the water use o f p ines and eucalypts was 
the a m o u n t o f water c ap tu red o n the 
fo l iage and later evaporated. Further re
search may reveal differences in transpira
t ion as we l l , as referred to earlier. 

O f c o u r s e , this study o v e r l o o k e d the ef
fect that land use has o n water quality. But 
it has demonstra ted that the quantity o f 
water available for storage and c o n s u m p 
t ion c a n be affected greatly by land use 
dec i s i ons . A l t h o u g h the w o r k to date has 
o n ly cove red years o f average and plenti
ful rainfall, M r D u n i n w o u l d guess , o n 
the basis o f results so far, that in a dry year 
the rep lacement o f pasture by p ines c o u l d 
m a k e all the d i f fe rence b e t w e e n s o m e 
water and n o n e . 

Andrew Bell 

More about the topic 

Shoa lhaven land use hydro logy . A . R . A s 

ton. CSIRO Division of Plant Industry 

Annual Report, 1977, 2 1 - 7 . 

Shoa lhave n land use h y d r o l o g y . A . R . 

A s t o n and F . X . D u n i n . Journal of 

Hydrology, 1980 (in press) . 

11 



The Shoalhaven water supply scheme 

The fundamental idea of the scheme is to 
take water from a dam on the Shoalhaven 
River and to pump it via a series of pump
ing stations, reservoirs, and canals to 
Wingecarribee Reservoir, 800 m above its 
starting point. The water can also be re
leased to flow back down and generate 
peak-demand electricity. 

From the Wingecarribee Reservoir, 
water can be released into the Wingecar
ribee River, whence it will flow into the 
Wollondilly River and thus into Lake 
Burragorang for supply to Sydney. Water 
from Wingecarribee can also be released 
via the Glenquarry cut and pipeline to 
flow into Nepean Reservoir for areas 
served by that system, which includes the 
South Coast (through the Nepean—Avon 
tunnel). 

Sydney will be ready to receive water 
from the scheme in July 1980, when the 
Glenquarry pipeline is scheduled for 
completion. 

The major works in the scheme are: 
T A L L O W A D A M — a concrete gravity 

structure 43 m high and 520 m long im
mediately downstream of the junction of 
the Shoalhaven and Kangaroo Rivers. 
The dam can hold 85 500 Ml (creating the 
8-sq-km Lake Yarrunga), of which 36 000 
Ml can be pumped out. 
T w o P U M P I N G / P O W E R S T A T I O N S . Ben-

The main elements in the first stage of 
the Shoalhaven scheme are shown here. 
In the second stage the major feature is 
the large Welcome Reef dam (shown on 
the other map). 

The elements of the Shoalhaven scheme 
in profile. Water rises more than 600 
metres. 

deela station, on the Kangaroo River arm 
of Lake Yarrunga, lifts water 127 m to a 
920-M1 balance reservoir, Bendeela Pon
dage. At the foot of an escarpment, Kan
garoo Valley station raises water from the 
pondage another 500 m through tunnel, 
pipeline, and canal to Fitzroy Falls Reser
voir. 
F I T Z R O Y F A L L S D A M — an earth and 

rockfill structure 14 m high and 1530 m 
long on Yarrunga Creek upstream of 
Fitzroy Falls. The dam creates a lake of 5 
sq km, which can hold 9000 Ml operating 
storage. 
B U R R A W A N G PUMPING S T A T I O N . From 

Fitzroy Falls Reservoir, a canal supplies 
water to this station. Water then travels by 
tunnel and canal to Wingecarribee Reser
voir. 
WINGECARRIBEE D A M — an earth and 

rockfill structure 19 m high and 1150 m 
long on the headwaters of the Wingecar
ribee River. The dam creates a 7-sq-km 
lake that holds 33 500 Ml operating stor
age. 
W E L C O M E REEF D A M . This 155-sq-km 

dam is planned for construction on the 
upper reaches of the Shoalhaven during 
the later second stage of the scheme. Its 
function will be to store and regulate the 
flow of the river. Five years' average flow 
will be needed to fill it. 
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