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SUMMARY

Results of a stream salinity (Total Dissolved
Solids) survey conducted over two years in the
South Dandaluo Catchment  are summar ised.
Stream salinity iluring the base-flow period and
salinitv of water sampled from shallow bores
have been used to estiirate groundwater salinity
t h r o u s h o u t  t h e  c a t c h m e n t .  A  r e s e a r c h
orosrairme which is aimed at quantifvins water
indsalt vield from all sub-catchhents-wiihin the
South Dindalup Catchment is outlined.



INTRODUCTION

There have been numerous reports of increases
in stream salinity (Total Dissolved Solids (TDS))
in the south-west of Western Australia following
disturbance of the vesetation and these have been
summarised by Pec-k and Hurle (19?3). It is
s e n e r a l l y  a s s u m e d  t h a t  i n c r e a s e s  i n  s t r e a m
ial in i tv  

-occur  
fo l lowins d is turbance of  the

vegetation _because the rEduction in permanenr
canopy reduces evapotra nspl ra o n ! causlng an
i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  t h e  s a l i n e
groundwater component of the yield. However,
In areas where theie has been no lccumulation of
s a l t s  i n  t h e  o r o f i l e .  a  d i s t u r b a n c e  o f  t h e
vesetation can 

-have 
a beneficial effect on water

su-pply. For example, in some western jarrah
forest  catchments where canopy has been
nrarkedly reduced by jarrah dieback, there have
been large increases in yield without a significant
increase in stream salinity (Havel. 1976). Thus
the presence or absence of salt in the soil profile
is  the major  factor  determin ing whether  a
d i s t u r b a n c e  o f  t h e  v e s e t a t i o n  w i l l  h a v e  a
detrimental or beneficial e-ffect on wat€r supply.

The impact of a disturbance of the vegetation
in anv Dart of a catchment on the qualitv of
water'in'the reservoir will be determined by-

(l) the quantity and quality of the additional
water discharged as a consequence of the
disturbance,

(2) rhe proportion of the total yield which this
additional water constitutes,

(3) the quality of the water discharged from
other parts of the catchmenl.

Deta i led research in to the iar rah forest
hydro logica l  cyc le is  being cai r ied out  by
Australian and State Government authorities.
The principal objective of these studies is to
quantify the effect of vegetative disturbance and
subsequent rehabilitation on rvater quality gnd
yield at specific sites within the jarrah forest.
Ultimately, however, the effect of a disturbance
on any part of a catchment on water quality in
the reservoir must be evaluated in the conlext of
the hydro logica l  character is t ics of  the tota l
catchment.

T h e  S o u t h  D a n d a l u o  C a t c h m e n t  i s  a n
important unit in the Perth Metropolitan Water
Supply system: the reservoi r  has a s torage
caoaci tv  of  208 210 000 mr which const i tu tes
4l:57o ;f the total storage capacity of northern
jarrah forest  Metropol i tan Water  Suppl j '
catchments;  annual  average water  y ie ld is
34 061 000 mr which represents l27o of the annual
y i e l d  o f  t h e  M e t r o p o l i t a n  W a t e r  S u p p l y
catchments (R. Dartnall, pers. comm.).

There is no evidence that salinity levels in the
reservoir are increasing; however, disturbance of
the forest vesetation in some other northern
jarrah forest 

-catchments 
has resulted in the

discharge of  sa l ine groundwater  (Shea et  a l ,
1975) .  The l ike l ihood of  d is turbance of  the
vegetation on the South Dandalup Catchment is
indreasing. Phytophthora cinnatitomi Rands, a
soil-borne fungus which causes mass destruction
of  the forest  (Podger,  1968) ,  is  widespread
throughout the Catchment and it is planned to
e x t e n d  b a u x i t e  m i n i n g  o p e r a t i o n s ,  c u r r e n t l y
restricted to th€ western edge of the Darling
Range, eastwards onto the Catchment.

In 1973, an extensive stream salinity sampling
programme was initiated in the northern jarrah
forest to define salt-prone areas. Preliminary
results of this survey have been reported (Shea et
al, 1975). In this paper, data from two years
stream salinity sampling and preliminary results
f rom groundwater  sampl ing wi th in the South
D a n d a l u p  C a t c h  m e n t  a r e  s u m m a r i s e d .  I n
addi t ion 

-a 
research programme to quant i fy

current water and salt yield from all major sub-
catchments, and to determine the potential yield
of saline water from these sub-catchments. is
described.

Cotchment characteristics
The South Dandalup Catchment is located 90

km south-east of Perth, on the western boundary
(the Darling Fault Scarp) of the Great Plateau of
Weslern Australia (Jutson, 1950) (Figure l). The
Catchment is 341 km, in area and is contained
within State Forest.
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FIGURE l: Location of the South DandaluD Catchment in
re la t i on  t o  t he  no r l he rn  j a r i ah  f o res t  and
rainlall isohyets (mm)



On Dassing downstream from east to west in
iarrah'forest-river systems, there is a succession
bf vallev tvoes which reflect different degrees o[
dissecti6n iri the lateriric peneplain (Bettenay and
Mulcahv. 1972). ln the eastern sections of the
Catchm-ent, the valleys are broad and drainage is
slussish. Colluvial deposits of silt and sand occur
on- ihe val ley f loors.  The western va l leys are
steeolv incised. particularly on the southern side
of th6 Catchment. ln the western edge o[ the
Catchment ,  the South Dandalup River  has
dissected the lateritic profile and soils are formed
from the original parent material on the valley
floors and sides.

Janah (Eucalyptus marginata Sm.) is the
dominant species on the upland freely drained
sites throushout the Catchment area. The main
associate species rs marri (Eucalyptus calophflla
R.Br.) and the principal understorey component
is  Banksia prandis  Wi . I ld .  wi th  occasional
Persoonia loigdolia R.Br. Logging has occurred
in the Catchment continuously over a period of
60 vears. Prior to the Droclamation of the Forest
Aci in tqt8, clear felliirg was practised and these
arcas have regenerated to form dense, relatively
uniform pole stands. However, most of the
Catchmeni has subsequently been logged under a
selection cut system. In selectively cut areas,
trees varying from large over-mature veterans
down to saplings are irregularly distributed. In
the western valleys, Western Australian blackbutt
( E u c a l y p t u s  p a t e n s  B e n t h . )  a n d  b u l l i c h
(Eucalyp'tus m'egacqrpq F. Muell.) form the
overstorey.  In  the eastern va l leys,  wandoo
(EucqlvDtus wandoo Blakely) and Western
Australiin flooded gum lEuca[yptus rudis Endl.)
form a scat tered woodland- type forest .  The

f loors of  some of  these eastern va l leys are
waterlogged for most of the winter months. No
tree cover is present and the vegetation consists
principally of dense, shrubby Melaleuca species.

Phytophthora cinnamomi is present in most of
t h e  v a l l e y s  t h r o u g h o u t  t h e  C a t c h m e n t .  I n
lowland moisture-gaining sites the disease has
progressed to the overstorey mortality stage.
Although small infections are present on upland
sites- mortalitv of the overstorev on these sites is
rare- The rati of disease develbpment varies on
different sites, but the fungus has the potential to
k i l l  t h e  m a j o r i t y  o f  t h e  f o r e s t  v e g e t a t i o n
throughout the Catchment.

Annual averase rainfall varies from l3ll mm
(Dwel l ingup)  in  the wdstern sect ion of  the
C a t c h m e n t  t o  b e t w e e n  7 0 0  a n d  8 0 0  m m
( a p p r o x i m a t i o n  f r o m  a v e r a g e  r a i n f a l l s  o f
Bannister and Duncans Mill) on the eastern
Catchment  boundary.  Tota l  annual  average
evaporation recorded at Dwellingup is 1598 mm.
Prior to damming, the South Dandalup River
yielded approximately l37o of precipitation and
t h e  w e i g h t e d  a v e r a g e  s t r e a m  s a l i n i t y  w a s  1 8 5
mgl' (Public Works Department, 1972).

METHODS
Sampling

In the western section of the Catchment,
streams were sampled at the entry points to the
reservoir. Streams in the eastern section were
sampled at the mouths of sub-catchments and
micro-catchments.  and the main s t ream was
sampled at intervals along its length. Locations
of sampling points are shown in Figure 2.
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Sampling was carried out from July 1973, with
the exceotion of streams in the western section
on the north side of the reservoir which were
sampled from July 1914. Except for monthly
sampling from 19 June 1915 to 4 September
1925, ali streams were sampled weekly. From
August to December 1974, streams in the eastern
third of the catchment were samoled on five
occasions at 3OO m intervals throirphout their
lengths.

One disused forestry well in the eastern section
of the catchment was sampled weekly from June
1 9 7 4  t o  J u n e  1 9 7 5 .  I n  t h e  s p r i n g  o f  1 9 7 5 ,
additional wells were located from old forestry
m a p s .  T h e s e  w e r e  p u m p e d  d r y  a n d  w a t e r
samples were taken immediately after they had
refilled by natural seepage.

The results from the analysis of well water
ind icated that ,  par t icu lar ly  in  eastern sub-
c a t c h m e n t s ,  t h e  g r o u n d w a t e r  s a l i n i t y  w a s
frequently significantly higher than stream water
s a l i n i t y  d u r i n g  p e r i o d s  o f  b a s e  f l o w .
Consequently, a n-umber of shallow, drilled holes
were established in selected catchments. The
holes were located slishtlv uoslooe from vallev
floors to avoid dilutio-n df tlie sroundwater bv
surface and sub-surface flow, and-were drilled tir
a  depth of  approx imate ly  2.5 m.  Piezometers,
constructed from polyvinyl chloride tubing. were
inserted in each hole and sealed with Dlastic at
the soil surface. Samples of the groundwater in
the piezometers were taken within twenty-four
hours of establishment.

Analysis
Electrical Conductivity (EC) was determined

on all samples, TDS measured in mgl-t was
calcu lated f rom EC using the re lat ionship
between TDS and EC established by Hatch
(19?6)  f rom forest  s t reams.  Methods o i  analys is
were those of Hatch (1976). Dominant cations
are sodium (?2%),  magnesium (217o)  and the
dominant anion is chloride (8670) (Hatch, l9?6).

RESULTS
Annual rainfall and evaDoration recorded at

Dwellingup during t973 and l9?4, together with
the long- le lT averages tbr  th is  s tat ion.  are
snown  l n  I  ab le  l _

TABLE 1

Rainfall and evaporation recorded at Dwellingup
(Sourco-Commonwealth Bureau of Meteorology)

TABLE 2
Stream salinity during base flow

Sample
point

TDS levels
mgl-'

TDS levels
mgt-'

Sample
point

10
1 l
1 2
l3
t4
l 5
l 6
t l
l 8
l 9
m
2 l
22
23
24

27
29
30
30a
30b

1973/14 re74/15 1973/74 1914/75
122 129 31 951 | 629
130 148 32 5l l  410
138 144 33 ND 1060
112 156 34 1l0l 743
t27 l5l 35 1935 282r
161 189 36 ND 114
153 225 37 ND ND
290 318 38 ND 710
423 300 39 ND ND
368 348 40 ND ND
368 415 40a ND | 620
410 333 4l ND ND
405 354 42 ND 276
660 1436 43 ND 203
458 553 44 ND 402
259 249 45 ND ND
s85 569 46 ND 293
315 392 47 ND ND
453 261 48 ND ND
ND ND 49 ND ND
560 726 50 ND t15
395 31r 51 ND ND
ND ND 52 ND ND
334 501 53 ND 91
584 714 54 ND ND
262 Szs 55 ND 242
425 572 56 ND 189
ND ND 5? ND IOI
ND ND 58 ND 106
329 430 59 ND 158
ND 412 60 ND 186

12l
I t 4

1 051
t22
5 3 1
229
91

u

v
z

aa
bb

dd

ff

hh

.r.l
l l

mm
nn

ND : No Data

Weeklv TDS levels of reDresentative streams
throughout the catchment ire plotted in Figure
3. The TDS levels of water samples taken in the
spring of 1975 from wells and bore holes are
shown in Table 3. In Figure +, base-flow salinity
levels determined from regular and intensiv'e

TABLE 3
Groundwater salinity data

(See Figure 2 for location of sample points)

Sample
point

TDS levels
mg,-

Sample TDS levels
mgl- 'point

a
b

d

I

p
ri

s
t

I  589
1 5 3 0

193
t']5
1 1 6

460

246
1 5 3 6
I 346

605
402
597
474
172
168
111
150Rainfall (mm) Evaporation (mm)

1  3 1 1
l 5 ? l
I 549

96
192
83

400
I 968

39',]
342't1

3 239
130
153

3 1 4 8
4 823

3 1 3

f;
i

t
I

n
Averag€
(1967-69. t9n, t912'
1973
1974

-TDS content of samples taken during periods
of base flow (the TDS'level of the sam-pli prior
to cessation o[ flow) are recorded in Tab]e 2. - = dry al the t ime of sampling.
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stream sal in i ty  sampl ing and shal low-bore
salinity data have been used to map estimated
groundwater  sa l in i ty  levels  throughout  the
catchment. The mapping unit varied from a sub-
catchment to a primary catchment depending on
the data available. When stream salinity during
b a s e  f l o w  w a s  u s e d  a s  t h e  e s t i m a t e  o f
ground\ t rater  sa l in i ty ,  the catchment  area
upstream from the sample point was mapped as
having a groundwater salinity level equal to the
base-flow fisure. In areas where shallow-bore or
w e l l  s a l i n i - t v  l e v e l s  w e r e  u s e d  t o  e s t i m a t e
groundwate i  sa l in i ty  the area mapped was
restricted to the primary catchment in which the
bore or well was located. Where the TDS levels
of samples taken from bores and streams during
neriods of base flow differed. the maximum value
was assumed to be a closer approximation of
groundwater salinity.

DISCUSSION

TDS levels in most streams sampled during
o e r i o d s  o f  m a x i m u m  f l o w  w e r e  l e s s  t h a n
200 msl-t. No measurements of stream flow were
made-and hence flow-weighted average stream
salinity could not be calculated. However, the
continuing low level of salinity in the reservoir
indicates that a large proportion of the runoff
from the Catchment occurs when stream salinity
is low. Hence, it is reasonable to assume that
reservoir water oualitv will not deteriorate if the
vegetation on thi Cat;hment is not disturbed.

Stream salinity sampling during periods of
b a s e  f l o w  h a s  b e e n  a s s u m e d  t o  e s t i m a t e
groundwater salinity (La Sala, 196?; Pinder and
Jones, 1969). However, in this study it was found
that  base- f low sal in i ty  levels  were usual ly
significantly lower than the salinity of rvater
from bores less than 2 m deep in the valley of the
s a m e  p r i m a r y  c a t c h m e n t .  I n  t h e  Y a r r a g i l
Catchment ,  which is  adjacent  to  the South
Dandalup Catchment, a study of the relationship
between total salt storage in the soil profile
(established by deep coring) and stream salinity
during base flow gave similar results (Shea and
Herbert, paper in prep.). In the Yarragil study it
was also found that ther€ was not a constant
relationship between base-flow salinity and the
quantity of salt stored in the soil profile above
the water  tab le.  The data f rom the South
Dandalup and Yarragil studies suggest that in
jarrah forest catchments the surface and sub-
surface aouifers are often discrete from the
groundwat6r.

In those catchments where maximum TDS
levels from shallow bores have been used to
characterize the groundwater salinity of the
c a t c h  m e n t ,  t h e  a v e r a g e  s a l i n i t y  o f  t h e
groundwater may be less than is shown because
groundwater  sa l in i ty  may vary s igni f icant ly
within the same primary catchment (Peck, pers.
comm.) Where base-flow levels have been used,
th€ estimate could be conservative. Even in those

western sub-catchments where base-flow TDS
levels  are less than 250 mgl- ' .  there may be
sisnificant accumulations of salt above the water
ta-ble in the soil profile of the uoland sites. Even
though the data-  summar ised in  F igure 4 are
approximate, it is obvious that there have been
accumulations of salt in the soil orofile in over
50qo of the South Dandalun Catchment. Thus a
large propor t ion of  the Catchment  has the
potential to yield saline water.

The d i f ference between evaDorat ion and
ra infa l l  dur in !  the winter  months- f rom May to
October has been termed "rainfall excess",
and it has been assumed to aDDroximate the
lmounl  of  \^ater  contr ibuted tb runof f .  deeo
percolat ion.  and s lorage in  so i l  prof i le
iC.S. l .R.o. .  rgrz) .  l t  ha i  been suggested rhar
salt accumulation is unlikely to occur in
catchments where rainfall excess exceeds 508 mm
but "appreciable salt accumulation and possible
re lease under  changed hydro logica l  condi t ions
appears likely below about 254 mm average
rainfall excess" (C.S.l.R.O., 1972).
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FIGURE 5: Annual average evaporation of Dwellingup, and
rainfall and rainlall excess levels of Dwellingup,
Duncans Mill and Bannister

Figure 5 shows the annual averag€ evaporation
for Dwellingup, and annual average rainfall and
average rainfall excess for Dwellingup, Dirncans
Mi l l  and Bannister  (annual  evaporat ion at
Duncans Mill and Bannister was assumed to be
the same as that for Dwellingup). Locations of
Dwellingup, Duncans Mill and Bannister are
shown on Figure 4. The general increase in
groundwater salinity with distance from the
Darling Fault Scarp corresponds broadly with
the west-east rainfall-excess gradient. However,
there are marked disjunctions in the salinity
gradient which cannot be explained by rainfall
v a r i a t i o n  a n d  t h e r e  a r e  a r e a s  o f  s a l t
accumulation west of the 254 mm rainfall excess
level. Preliminary results from this survey and
o(her studies in the northern jarrah forest (Shea
and Herbert, paper in prep.) suggest that valley
shape and soil type, in addition to rainfall; have
a major effect on salt accumulation. In the South
D a n d a l u p  a n d  Y a r r a g i l  C a t c h m e n t s ,  . s a l t
accumulat ion is  consis tent ly  associated wi th



valleys which have broad floors and moderately
slopdd sides, or with catchments where the palliil
zone clay is heavy textured.

The presence of saline groundwater in sub-
catchments with "rainfall excess" greater than
254 mm has important implications. Maintenance
of the groundwater component of the yield in
ootentiailv saline catchments. at a levei which
inainta in i  h igh water  qual i ty ,  is  theoret ica l ly
dependent on evapol.ranspiration of the rain[all
excess so that  the groundwater  d ischarge is
minimal. The larger the rainfall excess, the
higher must be the proportion of the land surface
which has permanent canopy. Eastern catchment
areas are likely to have more highly saline
groundwater but they have a relatively low
rainfall excess level (Figure 5). Hence, the degree
of disturbance necessary to cause a significant
discharge of groundwater is less in catchments
with a laree rainfall excess than in eastern
catchments 

-where 
the rainfall excess level is low.

FUTURE RESEARCH

It is likely that disturbance of the vegetation in
sub-catchments wi th in the South Dandalun
Catchment  which have a sa l ine sroundwate i
table will cause an increase in strdam salinity.
However, it is impossible to quantify the impact
of a disturbance of the yegetation in any sub-
catchment on water quality in the reservoir
without data on-
(l) the relationship between degree of canopy

disturbance and stream salinity for different
site types (this is being investigated by
A u s t r a l i  a n  a n d  S t a t e  G o v e r n m e n t
authorities and has been mentioned in the
introduction),

(2) the water and salt yield characteristics of
different parts of the landscape within sub-
c a t c h m e n t s  a n d  f r o m  d i f f e r e n t  s u b -
catchments within the total catchment.

The principal objective of the South Dandalup
Crtchnrent study is to determine the salt and
wrter  y ie ld of  the contr ibut ing areas of  an
operational catchment. This will permit the effect
of changes in the yield of salt and water from a
prr t icu lar  par t  o f  the catchment ,  caused by
changes in land use or disease, to be assessed in
terms of the yield of salt and water from the
tota l  catchment .

Combinat ion "V"-notch weirs  or  rat ine
s t a t i o n s  h a v e  b e e n  l o c a t e d  t h r o u s h o u t  t h E
c a t c h m e n t  ( F i g u r e  2 ) .  S t a g e  h e - i g h t  a n d
maximum flow are recorded at each of these
stations three times a week (estimates of total
annual flow based on thrice-weeklv records of
stage height were within l0qo of estimates based
on continuous recording (Forests Department,
unpublished data)). Water samples are taken
from flow-measuring sites and other key sample
points  for  conduct iv i ty  determinat ions.  The
ni r ior  cat ions (Ca#,  Mg+,  K+ and Na+) and
anions (HCO; and Cl-) are determined from
weeklv iamole-s taken from five zones of the

catchment (sample points 7, 8, 15, 29 and 37).
Check analyses of nitrate, sulphate and ammonia
leve ls  a re  car r ied  ou t  per iod ica l l y  on  water
samDles  co l lec ted  f rom these Do in ts .  Four teen
rain gauges have been established throughout the
catchment and rainfall is recorded weeklv. It is
p l r n n e d  t o  d e t e r m i n e  t h e  T o t a l  S o l u b l A  S a l t s
content of the soil profi le and groundwater in
selected sub-catchments by continuous coring to
basement rock.
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