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Section 1 Introduction

Executive Summary
Gippsland Water require a groundwater conceptual model to support their EPA Works Approval Application for the
Drouin WWTP upgrade. The Drouin WWTP is located adjacent to Shillinglaw Creek within the headwaters of the King
Parrot creek catchment, directly west of Drouin at the interface of intensive urbanization and grazing.
Hydrology
Treated effluent from the Drouin WWTP is discharged to Shillinglaw Creek, which is an ephemeral stream, however
the effluent discharge now provides some flow in summer periods. The Shillinglaw Creek joins the King Parrot Creek,
which eventually discharges to the Westernport Bay about 40 km downstream of the WWTP.
Geology
The geology of the area comprises (from oldest to youngest); Paleozoic bedrock, Thorpdale Volcanics, Childers
Formation sands and a veneer of younger sediments (including the Baxter Sandstone and Quaternary Sediments),
which occur mainly along drainage lines and in the western half of the Study Area. Directly under the WWTP, the
geology is simple, with a thin sequence of Quaternary Alluvium overlying bedrock.
Hydrostratigraphy
There are five hydrostratigraphic units (aquifers) within the Study Area. In general, the thickness of aquifers increases
to the west, where basin hydrogeology dominates. From younger to older, the aquifers include;


Quaternary Aquifer (alluvium and colluvium) that trace the waterways and occurs directly beneath the Drouin
WWTP with a thickness of around 7 m;



Upper Tertiary Aquifer (Fluvial) Aquifer (Baxter Sandstone) occurs to the west of the Study Area (is absent
beneath the WWTP) and ranges in thickness from 10 m to 70 m;



Lower Tertiary Basalt (Thorpdale Volcanics), which attains a thickness of up to 70 m across the Study Area and is
likely to be absent beneath the WWTP itself;



Lower Tertiary Aquifer (Childers Formation), which reaches significant thickness (>100 m) in the western half of
the Study Area, but is absent at the WWTP itself;



Basement Aquifer, outcrops through the middle of the Study Area and directly underlies the thin layer of
Quaternary Alluvium at the WWTP.

Groundwater Levels and Flow
There is limited data to inform the depth to groundwater at the Drouin WWTP, however based on statewide scale
datasets and some limited groundwater level data (from bores about 8 km away), depth to groundwater would be
expected to be about 5 m below the ground surface in this location.
Groundwater flow contours cannot be developed for this site given the lack of bore data. However, based on the
hydrogeological setting, it is inferred that regional scale groundwater would predominantly flow from east to west
and local scale groundwater would flow from the valley margins, towards Shillinglaw and King Parrot Creeks.
Based on the position of the Study Area in the groundwater flow system and some limited nearby bore data, the
direction of vertical groundwater flow, is downward.
Limited time-series groundwater level data exists for some nearby bores and shows a typical seasonal response to
recharge and longer term trends that follow dry and wet climate cycles. These patterns are likely to extend across the
larger Study Area.
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Section 1 Introduction
Beneficial Use of Groundwater
The Beneficial Use of the aquifers in the Study Area are Segment B and therefore groundwater can be accessed for
most purposes, excluding potable water supply.
Groundwater Users
The dominant use of groundwater in this area is extraction of groundwater for stock and domestic supply. There are
only 5 bores within a 1 km radius of the Drouin WWTP and they are all registered for stock and domestic purposes.
Groundwater Dependent Ecosystems
There are a number of potential GDEs in the vicinity of the Drouin WWTP, including Shillinglaw and King Parrot Creek
and terrestrial vegetation. Previous investigations have confirmed the presence of the Swampy Riparian Complex
terrestrial vegetation at the site.
Pathway Identification
The effluent produced by the Drouin WWTP contains the following parameters of interest; Ammonia, Nitrate, Total
Nitrogen, Total Phosphorous, pH, Suspended Solids, BOD, TDS and E. coli. Based on recent investigations undertaken
by GHD (2018) there are two possible pathway mechanisms between the effluent and groundwater;
1.

Effluent discharge to Shillinglaw Creek between the discharge point and up to 6.3 km downstream; and

2.

Effluent in storage lagoon 3.

In terms of the possible pathway from the storage lagoon 3 to the underlying and adjacent groundwater aquifer, the
low permeability of the storage lagoon liner (reported to have a permeability of 10-9 m/s by GHD, 2018b) reduces the
likelihood of this pathway from being realised.
In terms of the pathway from Shillinglaw Creek to the underlying and adjacent groundwater aquifer, the pathway is
possible, under the right set of hydraulic conditions. There is limited groundwater monitoring data in this area to
confirm the applicability of this pathway and/or condition of groundwater in relation to potential local or regional land
use practices.
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Section 1 Introduction
1.1

Project background

The Drouin WWTP is a dissolved air flotation / filtration (DAFF) plant combined with a lagoon-based treatment system.
Gippsland Water wants to upgrade the plant in the future to meet future growth in influent and these works are likely
to require a works approval from the EPA.
The DAFF plant (and occasionally the lagoon) discharge to the local waterway – Shillinglaw Creek when conditions for
irrigation are not suitable and as such, there are a number of legislative requirements surrounding the discharge
(including the State Environment Protection Policies (SEPP) Groundwaters of Victoria (GoV)).
This project involves the development of a groundwater conceptual model to help support Gippsland Water in their
EPA Works Approval Application for the plant upgrade.

1.2

Scope of works

This project involves the development of a groundwater conceptual model for the Study Area, which will include a
description of the following components:


Setting (climate, topography and landuse)



Hydrology



Geology



Hydrostratigraphy



Groundwater salinity



Groundwater depth and flow



Beneficial uses of groundwater

1.2.1

Study Area Boundary

The Drouin WWTP is only small (i.e. approximately 0.32 square kilometres), however given the nature of groundwater
and the fact that groundwater flow paths can extend for many kilometres, the Study Area boundary shown in Figure 1
was defined. This assessment will primarily relate to the larger ‘Study Area’ herein.
This boundary captures the maximum mixing zone for discharge water reported by GHD (2017) from the Drouin
WWTP’s discharge point on Shillinglaw Creek to approximately 10 km downstream. It also includes the King Parrot
Creek, which is a potential groundwater receptor. The eastern boundary of the proposed Study Area roughly coincides
with the Bunyip River Basin divide, which is likely to also correlate with a groundwater divide and hence the start of
the groundwater flow path (i.e. recharge zone) for this site.

3
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Figure 1

Study Area
4
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Section 2 Previous Work
A number of previous studies and information sources have been made available by Gippsland Water that are directly
relevant to the Drouin WWTP. These information sources have been drawn upon throughout this assessment, to
inform the conceptual model. Table 2-1 summarises the key information relevant to this assessment.
A key output of the recent work undertaken by GHD (2018) was the risk assessment that considered the effluent
discharge on Shillinglaw and King Parrot Creek. The risk assessment drew upon a large range of water quality data
(nearly 34,000 data points) including physio-chemical data, nutrients, metals, microbiology and cations. An analysis of
the water quality data indicated general compliance of the Drouin WWTP EPA licence parameters. Whilst there was
some influence from the discharge on Shillinglaw and King Parrot Creeks (particularly from nutrients), ecological
assessments indicated that discharge is not likely to have a significant impact on the receiving waters. The risk
assessment undertaken by GHD (2018) specifically found the following levels of risk for the beneficial uses of
Shillinglaw and King Parrot Creeks:


The risk to aesthetic enjoyment of the waterway was assessed to be medium risk for Shillinglaw Creek, reducing
to a low risk by the time the discharge reached King Parrot Creek.



The risk to native species in Shillinglaw Creek was assessment to be medium risk from nutrient eutrophication
and ammonia, which reduced to low risk by the time the effluent reached King Parrot Creek.



The macroinvertebrate sampling indicated little effect of the discharge on the macroinvertebrate populations
and hence there is likely to be a low risk of toxicity on the receiving waters from ammonia and nitrate.



For agriculture / irrigation / stock watering, the risk from total N, total P, E. coli and nitrate, were all deemed to
be low, except for a medium score for total P within Shillinglaw Creek, which could lead to bioclogging of
irrigation equipment and potential build-up of nutrients in the soil.
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Table 2-1

Summary of Previous Investigations Available for the Study Area

Report Name

Key Findings

Source: Drouin WWTP

Receptors: Waterways

Previous Assessment Results

Drouin WWTP Discharge
Environmental Risk
Assessment

•

•

The WWTP discharges into the
Shillinglaw Creek when conditions
for irrigation are not suitable.

•

•

•

The discharge point is 3.6km
upstream of King Parrot Creek.

Shillinglaw Creek is typically dry in
summer with the WWTP being
providing the sole source of flow
during low flow periods.

•

•

The WWTP has a maximum
discharge limit of 2 ML/day.

•

•

The key stressors in the discharge are
ammonia, nitrate, total N and total P

The beneficial uses of Shillinglaw
Creek and King Parrot Creek have
been identified as; aesthetic
enjoyment, native species of fish,
irrigation/agriculture/stock watering.

GHD (2006) showed that the new
DAFF system reduced the total
phosphorus and turbidity being
discharged into the creeks and the
health of the macroinvertebrate
communities subsequently increased
GHD (2009a) showed that the total
phosphorus and ammonia were
successfully treated to similar
background levels in Shillinglaw
Creek. Increase in taxa and individual
species numbers were recorded
downstream of the discharge point.

•

SIGNAL trends indicated that the
conditions downstream of the
discharge point were better than
conditions at the upstream point,
indicating that the discharge does
not have any negative impact on the
Shillinglaw Creek.

•

GHD (2010) determined there was
no long-term impact on the instream
biota.

•

GHD (2014) noted that the
Shillinglaw Creek is in a degraded
state both upstream and
downstream of the discharge point.
To some extent, the WWTP
discharge is affecting the creek.

•

Aquatic Environment (2017) found a
possible slight positive influence on
macroinvertebrate abundance
downstream of the discharge point.

Prepared by GHD for
Gippsland Water, April
2018.
•

•

•

Discharge risks for the Shillinglaw
and King Parrot Creeks were
assessed, and it was concluded that
the WWTP does not impact the
creeks to a great extent as most of
the degradation occurs upstream of
the discharge point.
During DAFF only discharge periods,
a mixing zone for total N extends
beyond 6.3 km from the discharge
point into King Parrot Creek.
During DAFF and Lagoon 3
discharges, there is a mixing zone for
ammonia of between 10m-6.3km
downstream of the discharge point.
Extended mixing zones for total N
and total P reach beyond 6.3km
downstream of the discharge point
into King Parrot Creek.

•

•

Five fish species have been identified
in the area; four native to the region
(shortfinned Eel, Southern Pygmy
Perch, Eastern Little Galaxias (an
EPBC & FFG listed species was found
in King Parrot Creek) and one
introduced species (G. holbrooki).
No survey of the Growling Grass Frog
has been undertaken.

Field surveys of the aquatic biota
indicate fish and macroinvertebrates
are thriving despite the potential risk
of nitrate toxicity.

•
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Report Name

Key Findings

Source: Drouin WWTP

Receptors: Waterways

Desktop Review to inform
Groundwater Risk
Assessment Drouin
WWTP

•

•

Treatment lagoons are lined with
clay. No details as to permeability.

•

Shillinglaw Creek (uncontrolled
discharge when the lagoon is full)

•

Little to no data to show whether the
lagoons have been relined or
maintained.

•

Shillinglow and King Parrot Creek
have a high potential of being GDEs
(according to BOM GDE Atlas)

•

SKM (2000) proved there was no
seepage using test pits next to the
lagoon.

•

Damp forest vegetation is identified
as low-moderate likelihood of being
a GDE

•

Swampy riparian complex along
Shillinglaw Creek is identified as high
likelihood of being groundwater
dependent

•

Damp Forest and Swampy Riparian
Complex are EVCs possibly occurring
at the site. The extent of vegetation
on site is significantly less than the
modelled extent of EVCs, due to site
modification.

High rainfall region, low irrigation
demand, low soil permeability

Prepared by Gippsland
Water, 2018

Flora and Fauna
Assessment of Drouin
Waste Water Plant

•

This study assessed the native
vegetation and biodiversity values of
the Drouin WWTP.

Prepared by Indigenous
Design Land
Management, December
2016

•

The study area has undergone great
modification, given the presence of
treatment lagoons and
infrastructure, vegetated zones for
grazing and planted plots, and
limited native vegetation

•

Some species were identified as
having significant value including;
Strzelecki Gum trees

•

Suitable habitats exist for; Giant
Gippsland Earthworm, Growling
Grass Frog, Warragul Burrowing
Cray, Dwarf Galaxias and Australian
Grayling. The suitable habitat is
mainly to the west of the site,
around a waterway (tributary of King
Parrot Creek).

•

Two significant flora species were
identified - Strzelecki Gum and Giant
Honey-myrtle.
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•

Significant Flora Species Likelihood
Assessment (to Occur at the Site).

1.

Strzelecki Gum positively identified
on site.

2.

Matted Flax-lily – potential suitable
habitat exists at site.

Significant Fauna Habitats & Species
Likelihood Assessment (to Occur at the
Site):
1.

Numerous aquatic birds (including 3
species of significant waterfowl)
have moderate or high likelihood of
occurrence.

2.

Numerous common native
woodland birds occupy planting
plots running.

3.

High likelihood of Giant Gippsland
Earthworms.

4.

Mod likelihood of Warragul
Burrowing Crayfish.

5.

Low likelihood of significant
amphibians, reptiles, fish and
mammals.

Section 2 Previous Work
Report Name

Key Findings

Drouin WWTP Lagoon
Construction Permeability
Testing Results Summary

•

The permeability of the clay liner
materials on the lagoon floor are on
the order of 10-9 m/s

GHD, April 2018

•

The material of the floor of the
winter storage lagoon appears
consistent

•

The material placed on the floor of
the lagoon appears to have been
compacted to the required
specification (95% relative density)
during construction, as the in-situ
permeability is essentially equal to
the lab remoulded permeability.

Source: Drouin WWTP

Receptors: Waterways
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3.1

Setting

3.1.1

Climate

The climate in this area is temperate, which means it has a wide range of temperatures throughout the year and
distinct seasons. The mean maximum temperature ranges from 13°C in July to 30°C in January (Nilma North, BoM Site
85313). The mean maximum monthly rainfall ranges between 303 mm in August, to 175 mm in January (Drouin
Bowling Club, BoM Site 85023). The long-term rainfall trends are shown in Figure 2. The positive slope of the
Cumulative Deviation from Mean (CDFM) rainfall represents an above average rainfall period, while a negative slope
represents a below average rainfall period.
Figure 2 indicates that the Study Area has experienced climate variability, experiencing a series of alternating above
average and stable rainfall pattern from the late 1940s to the late 1990s. The period from 2000 to 2010 (commonly
referred to as the millennium drought) is represented by a period of below average rainfall, whereas 2010-2012 was a
wetter period before another decline in rainfall commenced.

Figure 2

3.1.2

Long term rainfall trends around the Study Area (Drouin Bowling Club, BoM Site 85023)

Topography and Landuse

The Study Area generally slopes from east to west, with elevations ranging from over 150 mAHD to only 30 mAHD
(Figure 3).
The landuse in this area is dominated by grazing and, urban intensive uses (this includes the landuse classification of
the WWTP site itself) and to a lesser extent, rural residential and farming, plantation forestry and dryland cropping.
The climate in this area is temperate and is currently in a period of declining rainfall trend. The
topography of the area slopes from east to west and the landuse is dominated by grazing and urban
intensive uses.
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Figure 3

Topography
10
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3.2

Hydrology

King Parrot Creek is the predominant surface water feature within the Study Area, initiating near the township of
Drouin and flowing in a westward direction for approximately 14 km, prior to its confluence with Shillinglaw Creek
(Figure 4). From here the King Parrot Creek continues to flow for another 10 km in a westerly direction, before it
becomes “No. 7 Yallock Drain”, then eventually Yallock Creek and finally discharges into Westernport Bay, around 40
km downstream of the Drouin WWTP discharge point.
A single stream gauge is located in the Study Area on King Parrot Creek (King Parrot Creek @ Longwarry), however
only has gauge data from 1964 to 1977.
The Drouin WWTP discharges treated effluent to Shillinglaw Creek in its upper reaches. Shillinglaw Creek is typically
dry in summer, with the Drouin WWTP discharge providing flow during otherwise low flow periods (GHD, 2018).
GHD (2018) summarised stream flow data from a gauge located on the Shillinglaw Creek downstream of the Drouin
WWTP discharge point (Figure 5). Data from this gauge is intermittent, with records of flow between July 2014 and
August 2014 (that average 8.6 ML/day) and between August 2015 and September 2015 (that average 3.8 ML/day).
Treated effluent from the Drouin WWTP is discharged to Shillinglaw Creek, which was an ephemeral
stream, however the effluent discharge now provides some flow in summer periods. The Shillinglaw
Creek joins the King Parrot Creek, which eventually discharges to the Westernport Bay about 40 km
downstream of the WWTP.

11
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Figure 4

Hydrology (note; the location of the gauge appears slightly erroneous )
12
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Figure 5

3.3

Stream flow data downstream of Drouin WWTP on Shillinglaw Creek (from GHD, 2018)

Geology

The Study Area is located within the Warragul Block of the Southern Uplands (Jenkin, 1971) which is predominantly
covered by the uplifted Lower Cretaceous blocks and the Older Volcanics. Figure 6 shows the surface geology of the
Study Area. The topography coincides with the geology of the area, with the Thorpdale Volcanics dominating the
elevated setting in the east and the Quaternary sediments forming a veneer on the plains to the west.
The Palaeozoic basement: The uplifted Warragul Block forms the Palaeozoic basement. It comprises of Palaeozoic
metasediments and granites and is overlain by the Cenozoic sediments (Birch 2003). The surface geology map
indicates that it does not outcrop in the Study Area (i.e. it does not occur in the surface geology map) and is always
overlain by younger units. It is likely that due to the scale of this mapping (i.e. 1:250 000) in some areas the overlying
sediments are thin and in some places either absent or unsaturated and the basement rock will outcrop.
The Childers Formation: The Childers Formation unconformably overlie the Palaeozoic basement (Warragul Block)
and comprises sands, gravels, conglomerates, silts and clay (Brumley and Holdgate, 1983).
The Thorpdale Volcanics outcrops across most of the Study Area and is predominantly comprised of olivine basalt.
The Thorpdale Volcanics are about 22 million years old, indicating a late Oligocene to early Miocene period (Wellman,
1974). Where the basalts outcrop, they can be deeply weathered to clay, however at depth, they can be well
fractured.
The Baxter Sandstone: The Baxter Sandstone is a Pliocene non-marine ferruginous deposit. It overlies the Thorpdale
Volcanics and the Childers Formation. Its lithology comprises fine to pebbly sandstone, sandy silt and clayey gravel.
The Quaternary sediments include collivium and alluvium. Colluvium is dominantly diamictite (i.e. sedimentary rock
containing variously sized clasts), along with significant rubble, clay, silt, sand and gravel material and are poorly
sorted and poorly rounded (DEDJTR, 2006). The colluvium appears to be deposited along the major drainage lines in
the area and underlies the Drouin WWTP (Figure 6). The alluvial sediments are derived from eroded bedrocks and
13
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comprise unconsolidated gravel, sand and silt that are variably sorted and rounded. The sediments are laterally
extensive but are intermittently coarser and well sorted. They are mainly found on the plains, in the west of the Study
Area.
The geology of the area comprises old basement rock, Thorpdale Volcanics, Childers Formation sands
and a veneer of younger sediments (including the Baxter Sandstone and Quaternary Sediments) mainly
along drainage lines and in the western half of the study area. Directly under the WWTP, the geology is
simple, with a thin sequence of Quaternary Alluvium overlying the bedrock aquifer.

14
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Figure 6

Surface geology
15
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3.4

Hydrostratigraphic Units

The thickness distribution and surface outcrop of the major aquifers in the Study Area are shown in Figure 7 and
Figure 8 and are described in detail below.
Quaternary Aquifer
The Quaternary Aquifer comprises of the Quaternary alluvium and colluvium and its saturated thickness distribution is
shown in Figure 7. Its thickness ranges from 3 m to 110 m across the Study Area, however, it is thinner around the
Drouin WWTP and typically around 7 m thick. The aquifer is unconfined and is primarily recharged by rainfall
infiltration and surface water leakage. Birch (2003) described the occurrence of intermittent finer and coarser grained
alluvium resulting in alternating high transmissivity and low transmissivity zones providing a variable yield between 10
and 50 L/s, in the Gippsland Basin.
Upper Tertiary Aquifer (Fluvial)
The Upper Tertiary Aquifer occurs to the west of the Study Area and ranges in thickness from 10 m to 70 m. It is
absent at the Drouin WWTP. It is likely to be hydraulically connected to the overlying Quaternary Aquifer, given the
absence of a significant low permeability layer between the two. Recharge is either via direct infiltration where it
subcrops beneath sandy units (Quaternary deposits) or via lateral through-flow. Thin lenses of clays alternate with
layers of coarse sands and gravel, leading to semi-confinement in some areas (Birch 2003). This aquifer can yield
between 2 and 25 L/s (SRW, 2010).
Lower Tertiary Basalt
The Thorpdale Volcanics underlies the Upper Tertiary Aquifer and overlies the Lower Tertiary Aquifer to the west of
the Study Area. It ranges in thickness from 1 m to 70 m across the Study Area and is essentially absent at the Drouin
WWTP. The Lower Tertiary Basalt is considered a good aquifer, having extensive permeable structures such as joints,
fissures, fractures and vesicles (Brumley and Holdgate, 1983) and is largely recharged by rainfall (Nicol, 2010) and
leakage of overlying aquifer (Hofmann and Cartwright, 2013). Groundwater yield in this aquifer is highly variable but
generally less than 5 L/s while the salinity is also generally less than 1,000 mg/L TDS (Birch, 2003).
Lower Tertiary Aquifer
The Lower Tertiary Aquifer comprises the Childers Formation and only occurs around the western part of the Study
Area. It ranges in thickness from 1 m to 150 m across the Study Area (it is absent at the Drouin WWTP). The Lower
Tertiary Aquifer is unconfined to partially confined beneath the basalts. The aquifer is recharged either by direct
rainfall infiltration or stream leakage while groundwater flows eastwardly and can discharge to the surface waterways
(i.e. Moe River/Drain) but not to the Latrobe Valley Depression due to the Yallourn Monocline (SRW, 2009). The Lower
Tertiary Aquifer in this area yields between 2.5 and 25 L/s (SRW, 2010) with a TDS value typically below 1,000 mg/L
(Birch, 2003).
Basement Aquifer
The basement aquifer underlies all other aquifers and occurs in outcrop in parts of the Study Area. It is a low yielding,
fractured rock aquifer and where it is buried and fresh it acts as an aquitard (SRW, 2014).
The watertable aquifer is variable across the study area, residing in the outcropping Volcanics to the
east, within the basement aquifer in the middle, and the Cainozoic sediments to the west (i.e. the Baxter
Sandstone and the Quaternary Sediments). At the Drouin WWTP the watertable aquifer is either
contained within the shallow alluvial sediments or the underlying bedrock aquifer, depending on the
depth to groundwater and the thickness of the alluvial sediments.

16
1000073 - RPT - Drouin WWTP Hydro Assessment - Rev2.docx

Section 3 Hydrogeological Conceptual Model

Figure 7

Aquifer thickness
17
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Figure 8 Surface aquifers
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3.5

Depth to Groundwater

Statewide depth to groundwater mapping (DELWP, 2012b) shows a correlation between the depth to groundwater
and topography, with deep groundwater levels observed below the elevated topography to the east and shallow
groundwater levels where the topography flattens to the west. The depth to groundwater at the Drouin WWTP is less
than 5 m below the ground surface.
The Victorian Water Management Information System (WMIS) was interrogated for existing observation bore data, to
validate the results of the statewide depth to groundwater map. There are only four monitoring bores in the Study
Area, located approximately 8 km west and southwest of the Drouin WWTP (Figure 9). These bores are constructed in
the Quaternary aquifer, the Upper Tertiary Aquifer (fluvial) and the Thorpdale Volcanics (Table 3-1). The depth to
groundwater ranging from 1.6 to 7.8 meters below ground surface, which is largely consistent with the results of the
statewide depth to water mapping.
Table 3-1

Groundwater data from WMIS

Bore ID

Middle screen
depth (m)

Screened aquifer

Groundwater depth
(m)

Date

107631

7.5

Alluvium

1.6

Nov 2017

123140

44

Thorpdale Volcanics

4.7

Nov 2017

71854

54

Baxter Sandstone

7.4

April 2016

71856

81.4

Thorpdale Volcanics &
Childers Formation

7.8

Nov 2017
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Figure 9

Standing water Level map and observation bores
20

1000073 - RPT - Drouin WWTP Hydro Assessment - Rev2.docx

Section 3 Hydrogeological Conceptual Model
3.5.1

Groundwater Level Trends

Timeseries groundwater level data was available for the four monitoring bores in the Study Area, although the levels
for bore 123140 have been excluded from the assessment as they appear heavily influenced by a local pumping
regime.
Figure 10 shows a strong correlation between groundwater levels for all bores, and rainfall patterns (presented as a
cumulative deviation from mean rainfall). This indicates the aquifers are unconfined in nature and primarily recharged
via rainfall infiltration and possibly by surfaced water leakage where the aquifers intersect such features. The
unconfined nature is also supported by the hydrostratigraphy for the area, which lacks the presence of significant
aquitard units in this area.
All bores are currently exhibiting a downward trend in groundwater levels that coincides with below average rainfall
since 2012.

Figure 10

3.5.2

Timeseries groundwater levels and rainfall patterns (from CDFM)

Groundwater Flow

Horizontal
There are not enough groundwater monitoring bores in the Study Area to contour groundwater levels and infer
groundwater flow directions. However, it is highly likely that groundwater flows in a westward direction, given the
topographic slope and that groundwater salinity increases in that direction. Regionally, the Study Area is situated on
the eastern margin of the Central Coastal Basins, therefore resulting in the groundwater flowing in a regional
westward direction towards the basin’s centre (i.e. the bay) (SRW, 2014).
Vertical
Two of the observation bores in the area (71854 and 71856) are nested together and hence can inform the direction
of vertical groundwater movement between the Upper Tertiary Aquifer (fluvial) and the Lower Tertiary Basalts (Figure
11).
Groundwater levels for the Upper Tertiary Aquifer monitoring bore (71854) are consistently higher relative to the
Lower Tertiary Basalts monitoring bore (71856). This means groundwater moves in a downward direction from the
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shallower aquifer to the underlying aquifer. The similarity between the groundwater patterns, suggests some
hydraulic connection between the two (i.e. groundwater can readily move downward from one aquifer to the other,
without being impeded by a lower permeability layer).

Figure 11

Timeseries Groundwater Levels for Nested Bores

There is limited data to inform the depth to groundwater at the Drouin WWTP, however based on
statewide scale datasets and some limited groundwater level data (from bores about 8km away), depth
to groundwater would be expected to be about 5 m below the ground surface in this location.
Regional groundwater flow is inferred to occur from east to west, while local scale groundwater patterns
are likely to occur from the valley margins, towards Shillinglaw and King Parrot Creeks.

3.6

Groundwater Quality

Statewide groundwater salinity data mapping for the watertable aquifer (DELWP, 2012a) indicates that the
groundwater is fresh in the Study Area, with a salinity range of < 500 to 3,500 mg/L Total Dissolved Solids (TDS). In the
area of the Drouin WWTP, groundwater TDS ranges between 1,000 and 3,500 mg/L (Figure 12).
Site specific groundwater salinity measurements are limited in the Study Area and are only available for two
observation bores which are also shown on Figure 12 and are summarised in Table 3-2. These results are consistent
with the statewide mapping results.
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Table 3-2

Salinity data from WMIS

Bore ID

Count

Latest TDS value
(mg/L)*

Date

Average TDS value
(mg/L)

71854

3

3,422

27-10-14

3,533

71856

5

2,829

27-07-83

2,989

*TDS values were obtained via a conversion of Electrical Conductivity (EC) to TDS, using a common conversion factor for fresh groundwater of 0.69
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Figure 12

Watertable salinity
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3.7

Beneficial Use of Groundwater

The State Environment Protection Policy (SEPP) – Groundwaters of Victoria specifies suitable uses of groundwater
based on the TDS of the groundwater (Table 3-3).
To understand the beneficial use categories relevant to the Study Area, the state-wide salinity maps for the aquifers
defined by the Victorian Aquifer Framework, have been used. These maps were developed by DELWP (2014), based
on a combination of information sources, including:


The previous Beneficial Use Map Series that were published in 1995 by the DCNR;



Salinity measurements for approximately 50,000 bores in Victoria; and



Re-iteration of the draft mapping based on consultation with local experts, to produce a final product.

The salinity distribution maps are shown for each of the relevant aquifers of the Study Area (Figure 13) and the actual
groundwater salinity measurements recorded by the two monitoring bores at the site are also included for
comparison.
The maps show that for all aquifers, the beneficial use segment is dominantly Segment B (TDS 1,001-3,500 mg/L). The
areas shown as Segment A2 (TDS 501-1,000 mg/L) are either a significant distance from the WWTP, or upgradient of
it.
The monitoring bore data correlates with the aquifer salinity maps with their measured TDS values falling into
Segment B. Segment B groundwater can be used for most purposes, except potable water supply.
Table 3-3

SEPP Groundwaters of Victoria Beneficial Use Segments (mg/L TDS)

Beneficial Use

Maintenance of Ecosystems

A1

A2

B

C

D

(0-500)

(501-1000)

1001-3500)

(3501-13000)

(>13000)











Potable Water Supply:
Desirable



Acceptable



Potable Mineral Water Supply







Agriculture, parks and gardens







Stock Watering









Industrial Water Use











Primary Contact











Buildings & Structures











The Beneficial Use of the aquifers in the Study Area are Segment B and therefore groundwater can be
accessed for most purposes, excluding potable water supply.
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Figure 13

Beneficial use maps for aquifers in the study area
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3.8

Groundwater Users

There are a number of groundwater users in the Study Area (Figure 14), with 116 bores being used for a combination
of domestic, stock or dairy activities (predominantly around the western plains area), 7 for irrigation and 2 for
commercial purposes. There are only 5 stock /domestic / dairy groundwater bores within a 1 km radius of the Drouin
WWTP, which is a low level of groundwater development.
The dominant use of groundwater in this area is extraction of groundwater for stock and domestic
supply. There are only 5 bores registered for this use type within a 1 km radius of the Drouin WWTP.
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Figure 14

Groundwater Users
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3.9

Groundwater Dependent Ecosystems

The Bureau of Meteorology’s (BOM) Groundwater Dependent Ecosystem (GDE) Atlas was used to identify
the environmental receptors around the Study Area. Figure 14 shows the locations of aquatic and terrestrial
vegetation that has been classified by the BOM GDE Atlas as having a high likelihood of being groundwater
dependent. This indicates that Shillinglaw and King Parrot Creek are classified as GDEs. There are also
terrestrial vegetation GDEs in the vicinity of the Drouin WWTP that comprise the Damp Forest and the
Swampy Riparian Complex.
These terrestrial vegetation GDEs are classified into two Ecological Vegetation Classes (EVC):
•

EVC 29: Damp Forest; and

•

EVC126: Swampy Riparian Complex.

EVC maps show the Damp Forest EVC has been significantly reduced within the wider surrounds but
remains largely present within the WWTP area. The Swampy Riparian Complex remains present along the
King Parrot Creek margins, albeit scattered.
Fuhrmann & Imbery (2016) report that given the highly modified nature of vegetation and minimal
presence of remnant vegetation the ability to positively confirm the presence of either EVC and its
distribution within the study area is highly limited. Occasional shrubs typical to Swampy Riparian Complex
(such as Melaleuca ericifola (Swamp Paperbark) and Leptospermum continentale (Prickly Tea-tree)), are
found within areas of the site that correspond with the mapped extent of this EVC. There was insufficient
remnant vegetation within areas of the site mapped as Damp Forest EVC to enable positive confirmation of
its presence.
There are a number of potential GDEs in the vicinity of the Drouin WWTP, including Shillinglaw
and King Parrot Creek and terrestrial vegetation. Previous investigations have confirmed the
presence of the Swampy Riparian Complex terrestrial vegetation at the site.
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Section 4 Pathway Identification
The effluent produced by the Drouin WWTP contains the following parameters of interest; Ammonia,
Nitrate, Total Nitrogen, Total Phosphorous, pH, Suspended Solids, BOD, TDS and E. coli.
GHD (2018) provide summaries of the concentrations of these parameters in the effluent, both at the point
of discharge and at the storage lagoon 3 (Appendix A.1).
An exceedance of the median value of Total Nitrogen relative to the EPA Licence requirement appears
evident for Total Nitrogen for the discharge effluent, and multiple parameters for the storage lagoon 3. It is
noted however, that water from the lagoon is only occasionally discharged to Shillinglaw Creek and this
usually occurs at the same time as the DAFF discharge, which means there is some dilution prior to
discharge to the waterway.
GHD (2018) undertook a mixing zone assessment for the effluent discharge to Shillinglaw Creek and found
that for DAFF only discharge periods (the most common form of discharge event) there was:


no mixing zone from pH, E.coli, total P, suspended solids or total dissolved solids;



a small infrequent mixing zone was identified for ammonia and nitrate; and



an extended mixing zone (reaching beyond 6.3 km downstream of the discharge point and into King
Parrot Creek) was identified for total N.

For a combined DAFF / Lagoon discharge period (a less common discharge event that only occurs when
the winter storage is full) there was:


no mixing zones for E. coli, pH and total dissolved solids;



a regular mixing zone (between 10 m and 6.3 km downstream of the discharge point) for ammonia;



an infrequent mixing zone for nitrate (also between 10 m and 6.3 km downstream);



a frequent mixing zone for total N and total P (reaching beyond 6.3 km downstream of the discharge
point and into King Parrot Creek).

The approximate extent of a 6.3 km mixing zone is shown schematically in Figure 15. Notably, a ‘range of
other parameters could not be assessed for mixing zone due to there not being enough appropriate data
available’ (GHD, 2018).
This information suggests that there are two possible pathway mechanisms to groundwater, to be
considered at this site:
3.

Elevated parameters in Shillinglaw Creek between the discharge point, up to 6.3 km downstream; and

4.

Elevated parameters in storage lagoon 3.

In terms of the possible pathway from the storage lagoon 3 to the underlying and adjacent groundwater
aquifer, the low permeability of the storage lagoon liner (reported to have a permeability of 10-9 m/s by
GHD, 2018b) mitigates the likelihood pathway from being realised.
In terms of the pathway from Shillinglaw Creek to the underlying and adjacent groundwater aquifer, the
pathway is possible, under the right set of hydraulic conditions.
The lack of groundwater monitoring data in this area, means that the interpretation of a potential pathway
cannot be made with confidence. However, based on the following lines of evidence available, it is possible
that a pathway exists;
1.

the waterways likely gain groundwater during some periods of the year, as indicted by the
classification of the waterways as GDEs (BOM, 2018);

2.

the waterways likely lose groundwater during some periods of the year, as indicated by the fact that
Shillinglaw Creek stops flowing during extended dry periods; and
30
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3.

groundwater level records exhibit seasonal fluctuations that often correspond to seasonal fluctuations
in groundwater and surface water interaction. This means that during wet periods groundwater levels
will rise and cause a gradient of groundwater flow towards the creeks (i.e. the creeks will receive
groundwater inflow) and during dry periods groundwater levels will fall, causing the gradient to
reverse and the creeks to lose water to the groundwater.
A potential pathway exists between the Drouin WWTP effluent discharged to Shillinglaw Creek
and the surrounding aquifer. The absence of groundwater monitoring data in this area
prevents a more definitive conclusion regarding the likelihood of this pathway.
The recent testing of the clay liner permeability of the storage lagoon means the likelihood of
a pathway from this source, is low.
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Figure 15

GHD estimated mixing zone on the Shillinglaw and King Parrot Creeks (GHD, 2018)
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Section 5 Conclusion
The objective of this report was to develop a groundwater conceptual model and to identify the existence
of potential pathways between the Drouin WWTP and the surrounding groundwater systems.
The Study Area includes a range of geological units, including Paleozoic bedrock, Thorpdale Volcanics,
Childers Formation sands and a veneer of younger sediments (including the Baxter Sandstone and
Quaternary Sediments). The WWTP itself resides upon a thin sequence of Quaternary sediments that
overlies the much older fractured bedrock.
The main hydrostratigraphic unit at the WWTP is the Quaternary Aquifer which comprises alluvium and
colluvium and forms the watertable aquifer. It is relatively thin (likely to be less than 10 m thick) and
overlies the fractured rock aquifer associated with the Paleozoic bedrock geological unit.
Interpretations of groundwater depth and flow are primarily derived from regional mapping and suggest
depth to groundwater is around 5 m below ground surface in this area. Groundwater flow is likely to occur
from east to west, however local scale groundwater flow paths potentially flow towards the Shillinglaw and
King Parrot Creek, from the valley margins. Vertical groundwater flow is likely to be in a downward direction
in this area. Limited groundwater timeseries data is available, however the closest observation bores to the
WWTP (located around 8 km away) show groundwater levels responding to rainfall patterns and following
dry and wet climate cycles. These patterns are likely to also occur for the Quaternary and Bedrock aquifers
at the Drouin WWTP.
The beneficial use of groundwater at the Drouin WWTP is Segment B, which means groundwater could be
accessed for most purposes (except for potable water supply). There are only a limited number of
groundwater users around the WWTP, with 5 stock and domestic bores registered within 1 km of the site.
There are a number of potential GDEs in the vicinity of the Drouin WWTP, including Shillinglaw and King
Parrot Creek and also some terrestrial vegetation. Previous investigations have confirmed the presence of
the Swampy Riparian Complex terrestrial vegetation at the site.
The effluent produced by the Drouin WWTP contains the following parameters of interest; Ammonia,
Nitrate, Total Nitrogen, Total Phosphorous, pH, Suspended Solids, BOD, TDS and E. coli. Based on recent
investigations undertaken by GHD (2018) there are two possible pathway mechanisms between the effluent
and groundwater;
1.

Effluent discharge to Shillinglaw Creek between the discharge point and up to 6.3 km downstream;
and

2.

Effluent in storage lagoon 3.

A pathway between the effluent and groundwater is unlikely at the storage lagoon, given there is a low
permeability layer of material that prevents mixing of the effluent with the groundwater.
In terms of the pathway from Shillinglaw Creek to the underlying and adjacent groundwater aquifer, the
pathway is possible, under the right set of hydraulic conditions. There is limited groundwater monitoring
data in this area to confirm the applicability of this pathway and/or condition of groundwater in relation to
potential local or regional land use practices.
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A.1

Effluent Concentrations

Statistics for key water quality parameters for Drouin WWTP discharge (mg/L)

Statistics for key water quality parameters for Drouin WWTP Lagoon 3 (mg/L)

36
1000073 - RPT - Drouin WWTP Hydro Assessment - Rev2.docx

