19 August 2008

Environment and Natural Resources Committee
Parliament House
Spring Street
East Melbourne VIC 3002

RE: INQUIRY INTO MELBOURNE'S FUTURE WATER SUPPLY

I am providing copies of a number of reports that I have prepared on groundwater resources in
the Melbourne area which might be of use to the Environment and Natural Resources
Committee in considering the potential for using "groundwatery' to augment Melbourne's
water supply.
The report that I was published by the former Department of Water Resources
@WR).provided descriptions of groundwater resource in the Melbourne area and discussion
of the potential to artificially recharge the main aquifers in the area. [ASR (Aquifer Storage
and Recovery) is a specific artificial recharge technique in which the same bore is used to both
recharge water into the aquifer and pump water out of the aquifer.] Although this report was
published in 1992 the information is still mostly applicable.
The smaller report is an updated summary description of groundwater resources in the
Melbourne area.
I am willing to meet with the committee to discuss the groundwater options. - I have worked
on numerous "groundwatery'projects in the Melbourne area and was previously manager of
both the Groundwater Section of the Geological Survey (when the section was responsible for
the State's groundwater investigation program) and the Groundwater Policy and Planning
Branch, DWR, and presented evidence to a number of NREC Parliamentary Inquiries into
management of water resources in South West Victoria during the 1980s.

Yours sincerely

John Leonard

HYDROGEOLOGY OF THE MELBOURNE AREA
J . G. Leonard
Senior Principal, John Leonard Consulting Services

ABSTRACT
The hydrogeology of the Melbourne Area is complex. The area includes the Tertiary Port Phillip Basin and the
underlying and surrounding older predominantly Siluro-Ordovician bedrock and Devonian granitic rocks. The Port
Phillip Basin contains a system of aquifers separated by aquitards. The aquifers are varyingly hydraulically
interconnected. The Werribee and Bridgewater formations are the most productive aquifers. Important aquifers occur in
the Brighton Group, basalts of both the Older Volcanics and Newer Volcanics, and deltaic deposits of the Werribee and
Yarra rivers.
Knowledge of groundwater occurrence, aquifer types and hydraulic parameters, and groundwater chemistry is critical
for most if not all civil engineering projects. This paper provides an overview of the hydrogeology of the Melbourne
area. The location of major aquifers (and aquitards) is broadly mapped, aquifer types are identified and hydraulic
parameters and groundwater chemistry in the different hydrostratigraphic units summarized. It is emphasized that the
information provided is very generalized and that more detailed information based on local and site specific
investigations are required to fully assess the impact of groundwater on proposed civil engineering projects and the
impact of proposed projects on groundwater.

1

MELBOURNE AREA HYDROGEOLOGY

The Melbourne Area as defined for the purpose of this paper is mapped in Figure 1. The general locations of the major
aquifers are shown in Figure 1 - the mapped extend of the aquifers particularly the deep aquifers are approximate. The
vertical relationships of the various stratigraphic units are shown in the series of (greatly simplified, highly exaggerated)
cross-sections presented in Figures 2 to 5. Aquifer details are summarized in Tables 1 and the basic hydrochemistry of
the main aquifers is presented in Table 2. More detailed published descriptions of the geology and hydrogeology of the
Melbourne area were presented by Leonard (1979, 1988, 1991, 1992a, 1992b, 2003), and in Peck et al., (1992) and
Birch (2003).
1.1
PALAEOZOIC ROCKS
Pre-Tertiary sandstone, siltstone, mudstone and shale, and isolated granites outcrop in the Melbourne area and occur at
depth under the Cainozoic sequence in the Port Phillip Basin. The basement rocks are fractured rock type aquifers.
Where the Palaeozoic rocks outcrop the groundwater occurs mainly in an unconfined state. Elsewhere it tends to be
confined by overlying Cainozoic rocks. The depth of weathering is highly variable ranging from a few metres to more
than 50 m. Aquifer hydraulic characteristics are not well known. Hydraulic conductivities of 0.56 m/day for fractures
and 0.014 mlday for rock matrix were derived from pumping tests conducted on the Melbourne Formation at two sites
in King's Domain (Robinson and Kenna, 1992). Hancock (1992) reported hydraulic conductivity values between 0.001
mlday and 0.3 mfday along the Melbourne Warp.

Yields from bores are generally less than 0.6 Lfsec. Higher yields are obtained where the rocks are highly fractured
and/or deeply weathered. Yields of up to 6.0 Llsec have been obtained from bedrock underlying the Tertiary sediments
underlying the southeastern suburbs of Melbourne. Salinities vary widely, ranging from less than 100 mg/L to over
11,000 m g L TDS. Sodium chloride predominates in the shallower waters, but in deeper waters magnesium chloride is
frequently the major salt. Unweathered Palaeozoic rocks can contain pyritic minerals (Hancock, 1992).
1.2
WERRIBEE FORMATION
The Werribee Formation consists of sand, gravel, clay and coal. The formation outcrops or subcrops beneath
Quaternary alluvium in the Bacchus Marsh area and is laterally continuous at depth under Port Phillip Bay and occurs
beneath parts of the Yarra Delta, between Mentone and Frankston. To the northwest of Melbourne, the formation is
mostly less than 100 m thick and is overlain by up to 400 m of younger sediments and Newer Volcanics. To the
southeast of Melbourne the formation is overlain by 40 m to 90 m of Older Volcanics and younger sediments and is 20
m to 40 m thick. Groundwater in the Werribee Formation is mostly confined to semi-confined. Hydraulic conductivities
range up to 15 mlday (AGC, 1987) but a value of five mlday was considered representative for the regional aquifer
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mass (Leonard, 1992). Transmissivity is in the range 75 m2/day to 300 m2/day (Thompson, 1972; Shugg, 1975; ICI
Australia, 1978). Bore yields vary greatly ranging from about 0.6 Llsec to over 30 Llsec.
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Figure 1: General Locations of Deep and Shallow Cainozoic Aquifer, Melbourne Area.
The lowest salinity groundwater, TDS 1,500 mg/L to 2,000 mg/L, occurs in the Bacchus Marsh area where the
Werribee Formation receives recharge from the Werribee River system. Salinity increases towards the Bay where
salinities of about 4,000 mg/L TDS have been recorded. The water is of the Na-CI type and tends to be extremely hard
with moderate tohigh Slphate concentrations and-pH generally over 7. The average salinity southeast of Melbourne
was 1,500 mg/L TDS, ranging from about 200 to 4,000 m g k TDS.
-
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1.3
OLDER VOLCANICS
Basalts of the Older Volcanics occur in the Melbourne and Cranbourne-Mordiallw areas. In the Melbourne area the
Older Volcanics overlie or are intercalated with the Werribee Formation with thicknesses greater than 35 m recorded. In
the Cranbourne-Mordialloc area where the Older Volcanics outcrop they attain thicknesses in excess of 40 m. but are
between 5 rn and 10 m thick and overlain by up to 80 m of sediments towards Port Phillip Bay. Older Volcanics basalt
form fractured rock types. Reported aquifer transrnissivities were 1 m2/day at Tullamarine (Shugg 1975), 15 m2/day at
Silvan (Shugg and Harris, 1975a, 1975c) and 725 m2/day at Carrum (Lakey, 1978). Typical bore yields are less than
fiveL/Gc although yields in excess of 15 Wsec have been recorded.
-
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Table I: Occurrence, Lithology, Aquifer type and Form of Main Stratigraphic units
Aquifer
Wenibee Delta

Main Occurrence
Werribee
(outcropping)

Yarra Delta (see Mou& &Y,,m,,Rdta
Table 2)
Port Melbourne
Sand
Dune deposits
(unnamed)
Bridgewater Fm.

Lithology
South Silt, sand, gravel, clay; silty
sand in lower parts of
deposit; minor gravel and
sand levees.
Sand, silty clay, sandy clay.
Gravel, clay.

South of Yam River from
Fishemens Bend to St
Kilda (outcropping)
SE Melbourne (superficial
deposits)
Nepean Peninsula
(outcropping3
West of Melbourne
(outcropping)

Stratified fine to medium
sand and shells.

Type and Form
Unconfined to semi-confined porous media aquifer
of shoe-string Form interbedded with clay of low
hydraulic conductivity.
Confined to semi-confined aquifer porous media
and fractured rock aquifers and interbedded
aquitards.
Unconfined porous media aquifer; sheet-like form.

Sand.

Unconfined sand aquifer; limited aerial extent.

Sand, sandy c a l m o i t e

Unconfined sand aquifer; sheet-like form.

Basalt, scoria, pyroclastics. Multi-layered fractured rock aquifer system with
sheet-like basalt aquifers separated by thin clay
layers of low hydraulic conductivity; Uppermost
aquifer is largely unconfmed; lower aquife~sare
semi-confined to confine. Highly variable
hydraulic parameters and hydrologic properties
depending on development of secondary porosity.
Sand and silt aquifer of sheet-like form,
Sand, clayey sand, sandy
West of Melbourne
Brighton Gp. &
discontinuousbeneath Newer Volcanics in
clay.
equivalents (Baxter (mostly sub-surface)
northern part of Central Sunkland. West of
gravel, quartzite, sandy
Geelong-Bellarine
Sand- stone and
Melbourne the aquifer is confined to semilimestone,
Moorabool Viaduct (mostly outcropping)
unconfmed; in the Geelong-Bellarine area it is
Sand)
largely unconfmed.
Unconfined to confined sand, gravel and limestone
Sand, gravel, silt, clay,
Southeast of Melbourne
Fyansford Fm.aquifer system; sediments tend to be lenticular
shelly sand, calcarenite
(outcropping orsubBrighton G ~ . '
although the deposits as a whole are sheet-like.
limestone.
cropping)
Aquitard to very low productivity aquifer; sheetMarl, clay, silt
West of Melbourne &
Fyansford Fm.
like form
Geelong area
Porous media type aquifer confmed by Fyansford
Limestone, sandy
North Geelong-Werribee
Batesford
limestone, calcareous sand. Formation aquitard. Sheet-like form.
(sub-surface only)
Limestone
Fractured rock aquifer; hydraulic prrameters vary
Older Volcanics
Silvan area (out-cropping); Basalt, basaltic clay.
according to degree of fracturing and weatl~ring.
South-east of Melbourne
Aquifer unconfmed at Silvan and where the basalt
(mostly sub-surface)
outcrops at Cranbourne and on the southern
Mornington Peninsula and Bellarine Peninsula,
elsewhere it is semi-confmed to confined. Sheetlike and valley-fill forms.
Thick (10-4Dm) low pmeability regional aquitard
Maddingley-Altona Bacchus-Altona Werribee Brown coal
(except where fractured) sheet-like form.
(mostly subsurface)
coal seam
Semi-confined to confined aquifer of sand and
Sand, gravel, clay, coal,
Extensive occurrenoe
Wembee Fm
gravel; sheet-like form lignite and coal beds unpart
throughout most of the Port lignite.
marked anisotropy in hydraulic conductivity.
Pliillip Basin
(mostly sub-surface)
Fractured rock aquifers: Unconfined where
Sedimentary; mudstone,
Outcropping around Port
Basement
siltstone, sandstone, shale: outcropping but semi-confined to confine where
Phillip Basin; buried
buried. Aquifers physical properties and hydraulic
beneath basin sediments. Igneous; granite, and
granodiorite surrounded by parameters vary according to degree of fracturing
and weathering.
metamorphic aureole.

Newer Volcanics

Note: Brighton Group and Fyansford Formation beneath southeastern suburbs of Melbourne commonly considered as single
hydrostratigraphic unit for groundwater resource evaluation purposes but should be considered as separate units for
geotechnical investigations and gmundwater contamination studies.
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Table 2: Groundwater chemistry Melbourne Area Tertiary aquifers.

0
39
0
0
13
0
0
0.40
1
4.38
2
113
27
0.0
96
176
265
6868 1365 8.00
28
1611 8.62
6.5
362
217 4146
741
50
18
15
50
742
2
415
185
7.37
2.50
1570 435
1.0
70
0
0
0
1
10
9
2
3
1
0.0
4.59
1
317
67
Tov
29
283
10
2111 211 2890
37
62
2.5
806
1545 8.35
4919
152
10
2.50
55
4
1030
225
82
5.50
150
7.45
0.3
I900 525
820
5
22
0
0
0.20
1082
482
108
159
23
6.80
0.0
Tewl
2400
642
56
1038
30
2478 8.50
195
333 6010
963
418
50
11188 3265
0.9
275
245
10
4
575
1265 7.74
35
1.00
0.3
100 2120
4090 I200
3
36
0
0
4
2
9
1
3
14
5.75
100
0.0
Tew2
157
10
144
75
31
510
8.29
180
2115
34
927
6
20
3944 1110
1
45
20
75
700
370
40
7
210
4
7.61
3.0
1500 485
0
8
0
0
3
0
0
4.52
7
94
1
2
0.0
13
Sil
16
322
33
52
10
92
23
8 65
533
2.1
2769 266
105
466
20
0.30
60
3.50
35
140
6
12
40
7.45
125
160
0.5
460
Av
Qds = Deutgam Silt, ; CIS Coode Island Silt Werribee Delta; Qvn. Newer Volcanics, Tpb. Brighton Group; T~nn,Fymsford Formation; Tov,
Older Volcanics; Tewl ,Werribee Formation west of Melbourne; Tew2, Wembee Formation, southeast of Melbourne.
Tmn-Tpb

Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum

Data on the chemical composition of water from the Older Volcanics in the Cranbourne-Mordialloc area is limited.
Water quality is extremely variable ranging h m 300 m g 5 to 8,000 mg/L TDS, with an average of 1,900 mg/L. The
salinity tends to be lower in the Cranbourne area where the basalt outcrops or subcrops. Higher salinity groundwater
occurs where the basalt recharge is From adjacent aquifers containing more saline water. The recorded pH fluctuates
from about 4.5 to about 8.4. The water tends to be hard. Little is known of the chemical characteristics of water in the
Older Volcanics in the Melbourne area except that the salinity is in the range 4,000 mglL to 19,000 m g 5 TDS with the
more saline waters occurring where the aquifer is overlain by Yarra Delta deposits.
FYANSFORD FORMATION

The marl, clay, silt, limestone and sand of the Fyansford Formation (Newport Formation) has widespread subsurface
occurrence throughout much of the Port Phillip sedimentary basin. It either overlies the Werribee Formation, Older
Volcanics or rests directly on basement rocks. Its on-shore thickness is generally >50 m. West of Melbourne the
formation is dominantly clay and marl, and is an aquitard which yields only small supplies of poor quality (4,000 mg!L
to 15,000 mg/L TDS) groundwater.
1.5

BATESFORD LIMESTONE

The Batesford Limestone consists of limestone, sandy limestone and calcareous sand. The limestone unit is interbedded
within the Fyansford Formation and grades laterally and vertically into Fyansford Formation marls. Its occurrence is
restricted to the eastern side of the Dog Rock granite massif to the north of Geelong where it covers an inferred (mainly
sub-surface) area of 300 km2. The configuration of the aquifer is not known in detail. It outcrops in the valley of the
Moorabool River at Batesford where it is locally more than 200 m thick and extends for some 20 km to the east where it
thins to lesrthan five m,-Along the northern shore oFCorio Bay the limestone is about-75-111 deep but it dips under the
Bay to inferred depths greater than 200 m.
Groundwater in the Batesford Limestone is confined by the overlying relatively impermeable silty marl of the
Fyansford Formation. Analysis of pumping test data &om the Batesford Limestone indicated a transmissivity of 37
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m2/day and a corresponding hydraulic conductivity of 13.5 mlday (ICI Australia, 1978). The hydraulic conductivity
determined from laboratory tests ranged fkom 2.25 m/day to 4.34 m/day (Foster, 1970).The data available indicates that
the waters are dominantly of the sodium chloride-magnesium bicarbonate type with a high total hardness. Salinities
range from 2,000 m g L to 3,500 mg/L TDS.
FYANSFORD FORMATION-BRIGHTON GROUP
The Brighton Group and Fyansford Formation beneath the southeastern suburbs of Melbourne are commonly
considered as a single hydrostratigraphic unit in groundwater resource evaluation studies (but should be considered as
separate units for geotechnical and groundwater contamination investigations). The combined aquifer covers an area of
about 550 km2 extending from St. Kilda to south of Mornington and inland to the Dandenong-Cranbourne area. The
sediments of the Brighton Group are usually fine grained and of relatively low hydraulic conductivity but horizons of
higher hydraulic conductivity constituting aquifers occur as coarse sand or fine gravel lenses near the base of the upper
terrestrial sediments. The groundwater in this unit varies from unconfined to semi-confined. The coarse sand, sandy
limestone and gravel lenses which occur towards the base of the Fyansford Formation are important aquifers to the
southeastern of Melbourne. The aquifers are generally 30-50 m below ground, and are typically 2-5 m thick. They are
regarded as semi-confined (Shugg, 1976b). Transmissivities determined for the coarser facies are in the range 20
m2/day to 30 m2/day (Leonard, 1992). Yields from the Brighton Group are generally around 0.6 Llsec but higher yields
(4 Llsec) have been obtained particularly near the Beaumaris Monocline. Yields from the Fyansford Formation, are
typically <2.6 L/sec although yields up to 18.0 L/sec reported.

Groundwater salinity in the Fyansford Formation-Brighton Group is extremely variable ranging from <300 mg/L to
6,800 mg/L TDS with an average of about 1,500 mg/L TDS. The salinity of the groundwater in the Fyansford
Formation is generally several hundred mg/L higher in TDS than that in the shallower Brighton Group. Low salinity
groundwater (less than 1,000 mg/L TDS) occurs in the Oakleigh-Dingley-Black Rock area, but the salinities are higher
in the Brighton-Moorabbin area. The salinity increases from Mentone, southwards under the coastal wetlands
particularly the Carrum Swamp, reaching up to 6,000 mg/L TDS. Towards Frankston, the salinity is generally <1,000
mg/L TDS. Waters of higher salinity occur around the margins of the aquifer system.
The principal dissolved salts in the groundwater from this aquifer system is Na-CI .The groundwater tends to be 'hard'
as is indicated by the average CaCO, content of 415 mg/L. The average concentration of sulphate is about 50 mg/L but
typical concentrations are much lower although concentrations as high as 500 mg/L have been recorded. Nitrate
concentrations range from below detection limit up to a maximum of 96 mg/L, with an average of 10 mglL. Of the
bores tapping this aquifer system, 23% contained detectable nitrate and 20% showed unusually high levels of nitrate
which were in excess of the upper limits recommended for human consumption.
The pH of the natural groundwater varies from very acidic (4.38) up to moderately alkaline (8.62) but for the most is
only slightly alkaline (average 7.37). The low pH water notably in the Clayton South area tends to have high
concentrations of heavy metals particularly iron, zinc and nickel, and moderate sulphate levels. Shugg (1982)
considered that the acidic pH and high iron content arise from chemical reactions associated with oxidation of the pyrite
in the Brighton Group sediments and that the high levels of zinc and nickel are due to their increased mobility in low
pH groundwaters. Some sulphate may also be derived from oxidation of the pyrite.
1.7

BRIGHTON GROUP AND EQUIVALENTS

Marine and terrestrial sand, gravel and silt extend from Melbourne around Port Phillip Bay to the Bellarine Peninsula.
These sediments which disconformably overlie the Fyansford Formation are here referred to as the Brighton Group
(includes the at least partly equivalent Moorabool Viaduct Sand of the Geelong-Bellarine area). Much of the Brighton
Group in this area is covered by Newer Volcanic basalts. Along the Bay the unit is about 20 m to 30 m thick, but it is
thinner inland having been completely removed by erosion in some areas. The groundwater is locally confined by clay
and silt or the chilled base of overlying basalt. Measured transmissivities are low, in the range 5 m2/day to 10 m2/day. A
higher transmissivity of 75 m2/day was obtained in the Point Wilson area (ICI Australia, 1978) reflecting the locally
more sandy facies greater thickness towards Geelong. Bore yields are generally less than 0.6 Llsec. The salinity of the
groundwater in the Brighton Group west of Melbourne and the Geelong-Bellarine area is mostly in the range 2,500
m g L to about 8,000 mgL TDS. However, salinity of 28,000 mg/L TDS were recorded beneath the former salt
crystallisers at Point Cook was about salinity 28,000 mg/L TDS (Leonard, 2002).
1.8
NEWER VOLCANICS
Newer Volcanic basalts form a virtually continuous sheet-like cover around the northern shore of the Bay from
Melbourne to Geelong and northwards up mto the Highlands. The basalts often exceed 150 m in thickness along pre-
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basaltic drainage lines but are thinner, around 40 m, over the interfluves. The basalts are generally thinner towards the
Bay. The Newer Volcanics have been mapped offshore beneath Port Phillip Bay using airborne geophysical survey data
by Geoscience Victoria. Newer Volcanic basalts occur beneath the Yarra Delta with two separate flows mapped in the
Jolimont Valley during investigations for the Melbourne City Link project (Lamb el a/., 1998; Hutchinson and Lamb,
1999; Krusic-Hrustanpasic, er al., 2005,2006).
The groundwater regime in the Newer Volcanics aquifer system is very complex. This system is generally comprised of
a number of superposed basalt flows that are often separated by clay and silt aquitards. The groundwater occurs in
fractures, joints, vesicular openings and in the contact zone between flows. The uppermost aquifer is unconfined with a
shallow water table whilst deeper aquifers are confined to semi- confined.
Riha and Kenley (1978) grouped the aquifer transmissivities into two categories, namely .transmissivities of less than
50 m2/day and transmissivities of more than 300 m2/day obtained from zones of highly jointed and/or thick basalt.
Corresponding hydraulic conductivity values ranged from 1 xIO-6 mlsec (0.09 miday) up to 2.3 x 10-4 mlsec (20.2
mlday) are one and six mlday, respectively. However this hydraulic parameter can have values significantly outside of
this range. [These parameters were mainly based on unconventional inter-aquifer flow tests, consequently the results
may not be reliable.]
Yields from Newer Volcanics bores range from 0.4 Llsec to 40 L/sec with yields 4 . 2 L/sec being typical. The salinity
variations of natural groundwater in the Newer Volcanics is generally in the range 1,000 mg/L to 6,000 mgL TDS.
Hypersaline groundwater, up to 108,000 mg/L TDS, was detected beneath the former salt crystallisers at Point Cook
(Jenkins, 1962; Leonard, 2002). The groundwater is typically hard. Nitrate concentration is generally less than 60 mgiL
and does not exhibit any correlation with salinity. Sulphate content varied from below detection limit to more than
1,800 mg/L with an average concentration of285 mglL.
1.9
YARRA DELTA
The Yarra Delta occupies a broad, deep, drowned valley system cut into Pliocene basalt and older sediments at the
mouth of the Yarra River (Neilson, 1988). Deltaic sediments extend up the Maribyrnong River and Moonee Ponds
Creek as well as the Yarra River (Figure 5). The extension up the Yarra River was referred to as the Jolimont Valley
(Figure 4) by Lamb et al. (1998) and Hutchinson and Lamb (1999). The hydrostratigraphy of the Yarra Delta is
summarized in Table 3. Cross-sections through the Yam Delta proper and along the Jolliinont Valley are presented in
Figures 5 and 6, respectively.

Nine stratigraphic units have been recognized in the deltaic sequence with most being aquitards or minor aquifers. The
basal Moray Street Gravel is the main aquifer in the sequence. The gravel unit was deposited on an irregular erosional
surface and its continuity is disrupted by ridges of older strata. Its thickness is generally in the range 15 m to 20 m. The
groundwater in this aquifer is confined. Yields up to six Llsec have been recorded. Reported groundwater salinity
varies widely. Salinities approaching sea water were reported by Hancock (1967) with the chemical character closely
resembling sea water that has undergone some cation exchange of sodium for calcium and magnesium. Groundwater
salinities of 2,200 mg/L and 9,500 mg/L TDS were reported from 16-23 and 29.6-34 m depth intervals in a single bore
drilled by Golder (1995) near the intersection of Swan Street and Punt Road indicating salinity stratification in the
aquifer.
The Coode Island Silt outcrops or occurs at shallow depths beneath the Port Melbourne Sand across most of the delta
and is probably the most significant unit fiom a engineering geology perspectives The hydraulic conductivity of the
Coode Island Silt was reported to be in the order of 1 x lo-' m/sec (8.6 x 1 0 ' ~&day) by Krusic-Hrustanpasic and Friday
(2006). Higher hydraulics conductivies [5 x lo-' m/s (4.3 rnlday)] were reported for sand lenses within the Coode Island
Silt at South Melbourne and the Docklands (CMPS and Golder, 1989). Groundwater with salinities as high as 60,000
mg/L TDS was measured in the Coode Island Silt aquitard (Cooney, 1984).
PORT MELBOURNE SAND
The Port Melbourne Sand is often regarded as part of the Yarra Delta. However, it was deposited in an aeolian beach
environment, not deltaic and consequently is not considered as part of the Yarra Delta here. The Port Melbourne Sand is
restricted to the area south of the Yarra River between Fishermens Bend and St Kilda. The unconfined sand aquifer is
from 6 m to 12 m thick with a shallow water table. Tested hydraulic conductivities were between 0.86 mlday and 43
m/day-(Cooney, -1984). -The-salinity-of-the water-is generally-in-the-range2,00@ ms/LtolO,OOOmg/L TDS. The
elevated dune ridge between Albert Park Lake and Port Phillip Bay contain lower salinity water, less than 1,000 mg1L
TDS. Shugg (1987) noted salinities in excess of 40,000 mgiL TDS where the shallow groundwater is affected by
discharge from the underlying Coode Island Silt. SKM (2003) reported salinities between 3,500 mg/L and 35,700 mg/L
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TDS from a site in Salmon Street. Higher s@inities,up to 60,000 mgL TDS, have been recorded adjacent to disposal
sites (Cooney, 1984).

Figure

Approximate extent of Yarra Delta sedimentation (digitized &om DFI on-line digital geological map).
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Table 3: Yarra Delta Hydrostratigraphy
Aquifer
Fill
Coode Island Silt

Bateman Ave ~ravels'

Jolimont Clay
Burnley Basalt
(Neww Volcanics)
Fishermens Bend Silt

Main Occurrencel
Widespread south of
Yarra River
Up Maribymong R to
Essendon, Moonee
Ponds Ck to Moonee
Vale and Y arra R to
South Y a m
(subsurface)
Follows present
course of Yarra R
From Burnley to St
Kida Rd
North side of Y a m R
between Spencer St
and Punt Rd
Follows Yarra valley
from the Spencer St
Bridge to Burnley
Similar to Coode
Island Silt
(subsurface)

~ithology'
Clay, silt, sand, rubble

Type and Form

Sand, silty sand, gravel

Minor porous media type aquifer; limited
occurrence

Variegated grey brown stiff
silty clay.

Low permeability aquitard.

Unconfined basically porous media type
aquifer to aquitard
SoR dark grey-brown silty clay, Low permeability aquilard.
clay, silt with fossils and plant
material; occasional sand
lenses

Fresh to moderately weatl~ered, Fractured rock aquifer; semi-confined to
confined. Highly variable hydraulic parameters
dense to vesicular basalt
and hydrologic properties depending on
developnient of secondary porosity.
Stiff to very stiffsilty clay and Low permeability aquitard ,
clay, lesser sandy clay and
clayey silt; occasional sand
lenses
Gravel, sand, irregular clay
beds

Moray Street Gravels

Fresh to slightly weathered
J o l i o n t Valley
between Burnley and basalt
(Newer Volcanics; some Sth Melbourne
basalt previously grouped
wit11 Older Volcanics).
Swan Street Basale

Confined to semi-confined porous media
aquifer; sheet-like form.
Fractured rock aquifer, semi-confined to
confmed. Highly variable hydraulic parameters
and hydrologic properties depending on
development of secondary porosity.

Punt Road sands2

Sand, silty sand, clayey sand,
Along Jolimont
Valley from Princess gravel
Bridge to Burnley

Minor porous media type aquifer; limited
occurrence

Grant Sheet ~ravels'

Beneath Grant St
Imm St Kilda Rd to
Kings Way

Angular gravel and sand with
intermixed silt and clay.

Minor porous media type aquifer; limited
occurrence

I

Note: 1 Occurrence and lithology modified alter Neilson, 1988,1996 and Cupper, White and Neilson, 2003: 2 Localized unit
identified during City Link investigations (Lamb et al., 1998; Hutchinson and Lamb, 1999); stratigraphic names used here
suggested by Cupper, White and Neilson, 2003.

WERRlBEE DELTA
The Werribee Delta is a small (I 17 km2)coastal aquifer located on the mouth of the Werribee River to the south o f the
township o f Werribee, T h e delta is up t o 40 m thick along the coast immediately east of the present course o f the
Werribee River where the ancestral river has entirely eroded through the Newer Volcanics but thins to the east and west
where it rests directly o n basalt (Figure 7). The delta includes sand and gravel deposited along former river channel and
clay and silt overbank deposits. SKM (2005) considered that the gravels and sands occurred a s a basal layer. But
Leonard (2004) considered that the sand and gravel occurs as lenses sporadically distributed throughout the deltaic
sequence.
The hydraulic conductivity of the Werribee Delta has not been tested. Leonard (1992) estimated that the hydraulic
conductivity_of the coarser horizons would be in the range 10 to 15 miday with an overall Iiydraulic conductivity o f the
regional aquifer mass o f about five m/d~(~~rd~l992).~SKM~(2005)~used~hydraulicWnductivity
values o f 26miday and 0.3 mlday for gravels and sand, and sands, silts and clays, respectively in groundwater flow modelling.
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Figure 6: Burnley Tunnel cross-section (modified after Lamb, el al., 1998).
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Figure 7: West-East Werribee Delta Coastal Cross-Section (After Leonard, 1992,2003).
Groundwater in the Werribee Delta sediments is unconfined to semi-unconfined. Natural discharge occurs into the near
shore zone within Port Phillip Bay and into the lower reaches of the Werribee River where the water table is above the
local stream stage. The water table to the east of the Werribee River generally occurs at a depth less than seven m,
whereas west of the Werribee River it is less than two m due to the mounding beneath the Melbourne Water Western
Treatment Plant. Stewart (1988) and Anderson (1988) both recorded increased hydrostatic pressure with depth in
piezometers in the Werribee Delta and attributed the increased pressure to groundwater confinement beneath aquitards
in the deltaic sequence. Typical bore yields fiom the deltaic aquifer are <5 Wsec but higher yields, up to 15 Ltsec, have
been recorded.
Three broad groundwater salinity zones were recognized by Leonard (2005): (1) a higher salinity zone (1,500 mg/L to
2,000 mg/L TDS) in the narrow portion of the delta beneath the present-day Werribee River in the vicinity of the
Werribee township, (2) a large, central zone with salinity generally between 750 mg/L and 1,250 mg/L TDS and (3) a
narrow coastal zone with salinities greater than 1,750 mg/L TDS along the coast. The higher salinity near Werribee is
due to inflow of more saline groundwater from the surrounding Newer Volcanics; the lower salinity beneath the central
portion of the delta is the result of higher rainfall infiltration and infiltration of irrigation water in excess of plant
wnsumptive use requirements (Leonard, 2005)
- -
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