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1

INTRODUCTION

Landserv Pty Limited (Landserv) was engaged by Yumbah Aquaculture to prepare a
Desktop Hydrogeological Assessment for the property located at Lot 1 and 8, 315
Dutton Way, Bolwarra Victoria (the site). The site is the proposed development site for
the Yumbah Nyamat abalone farm to be operated by Yumbah Aquaculture Pty Ltd
(Yumbah Aquaculture).
The general location of the site is shown on Figure 1, in Appendix A.

1.1

Background

We understand that an initial Works Approval application was prepared for the site in
October 2018, titled Yumbah Aquaculture Ltd, Yumbah Nymat Abalone Farm Works
Approval Application, October 2018 (Yumbah Aquaculture 2018). We understand that
the Victoria EPA has since sought further details on the hydrogeological regime at the
site and require the completion of a Hydrogeological Assessment to support the Works
Approval application.

1.2

Objectives

The primary objective of this project is to complete a Hydrogeological Assessment in
accordance with Victorian EPA Hydrogeological Assessment (Groundwater Quality)
Guidelines, Publication 668 (EPA Victoria 2006) as part of the Works Approval
application for the proposed aquaculture development.

1.3

Scope of Work

The desktop Hydrogeological Assessment has been prepared in general accordance
with Appendix A of the Victorian EPA Hydrogeological Assessment (Groundwater
Quality) Guidelines, Publication 668 (EPA Victoria 2006).
The Victorian EPA has specifically identified the key points to be addressed as part of
the Hydrogeological Assessment. Those key points, together with the corresponding
scope of works are outlined in Table 1.1 below along with the reference to the section
in the report where this information has been presented.
Table 1.1

Scope of Works

EPA Request for Clarification

Scope of Works

Report Reference

A groundwater borehole map showing
location of on and off-site monitoring
boreholes.

Preparation of a plan showing the
locations of groundwater monitoring wells
located on and off-site.

Section 2.7.2

A description of the status and
condition of the boreholes.

As per EPA request.

Section 2.7.2

Summary of analysis (dates, borehole
location, depth to groundwater and
the geological logs and water quality
test results) of groundwater samples
taken on-site.

No site-specific groundwater analytical
data was available for review. All
available geochemical data from the
VVG database has been collated and
summarised.

Section 2.7.2

An assessment of the current and
future protected beneficial uses of
groundwater (Clause 9 and Clause 15
of SEPP (Waters)), taking into account
spatial and temporal variability of TDS.

As per EPA request.

Section 3.2

A summary of off-site
boreholes/extraction licences held
(detailing use of the groundwater) This
should include all extractive bores

A review of the VVG database has
identified groundwater bores down
hydraulic gradient (inferred) of the site
registered for stock and domestic

Section 2.7.2
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EPA Request for Clarification

Scope of Works

(domestic and stock as well as
licensed extractive uses). As
groundwater is very shallow and can
be <3m deep, there is no requirement
for a bore construction licence on
bores that are <3m. Therefore, there is
the potential that there is domestic
and stock bores within the vicinity that
are unregistered. A bore survey for
existing unregistered users may be
required.

purposes. The database also identified if
the bores were active/inactive.

A summary of seasonal variations
(quality and level) in groundwater and
surface water on-site.

Temporal water level monitoring data was
available for one groundwater monitoring
bore installed on site. This data was
graphed and compared to rainfall to
determine any potential relationships.

Report Reference

Section 2.7.2

No temporal water quality monitoring
data was available for review.
Production of groundwater contour
maps to show groundwater flow
direction on site including seasonal
variations.

Groundwater flow directions have been
inferred from topography and nearby
surface water bodies, as there is currently
insufficient data to triangulate and confirm
groundwater elevation contours / flow
directions.

Section 2.7.2

A conceptual site model for
groundwater and surface water on
and immediately adjacent to the site.

As per EPA request.

Section 2.8

A desktop groundwater risk assessment
of the potential for disruption of local
groundwater flows and quality, during
construction and subsequently
operation of the abalone farm

As per EPA request.

Section 4

Clarification of how any water
collected through dewatering
activities will be treated/disposed off –
site.

Commentary is provided on the
framework for dewatering activities
compliant with the relevant policies and
regulations.

Section 4.1.4

An assessment of the potential for offsite flooding during construction and
subsequently operation of the abalone
farm.

This is more relevant to surface water and
will be addressed in the drainage /
stormwater design for the facility.

NA

An assessment of potential impacts on
groundwater availability and
groundwater quality in off-site
groundwater bore

As per EPA request.

Section 4.2

Demonstration that the proposed
development complies with SEPP
(GoV), SEPP (WoV) and SEPP (Waters)
including Clause 9, Clause 15, Clause
17, Clause 42, Clause 56 (these are for
groundwater only, assuming surface
water experts will provide additional
clauses)

As per EPA request.

Section 3.2

An outline of a groundwater
monitoring and management plan
covering pre-development, during
construction and post construction
stages. The extent of the proposed
groundwater monitoring required to be
established by the results of the
assessment above

As per EPA request.

Section 5
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2

SITE DESCRIPTION AND SETTING

2.1

General Site Information

Key information relating to the site setting is presented in Table 2.1 below.
Table 2.1 Summary of Site details
Item

Details

Site Address

Lots 1 and 8, 315 Dutton Way, Bolwarra, Victoria.

Locality Map

Refer to Figure 1.

Current Site Layout

The site forms an irregular shape. Refer to Figure 1 in Appendix A
showing the location of the site.

Site Area

Approximately 63 ha
The site is described as:

Title Details

Geographical Coordinates
(MGA Zone 54)

▪

Lots 1 and 8, 315 Dutton Way, Bolwarra

▪

Standard Parcel Identifier (SPI) for Lots 1 and 8 – PS500867

▪

Township – Bolwarra

▪

Parish – Glenelg

Easting:

553908

Northing: 5761016
(Approx. centre of site).

Distance from Nearest CBD

Site located approximately 5 km north-east from the Portland CBD.

Closest Surface Water Body

Bass Strait (Dutton Way Foreshore Reserve) is located approximately
480 m south of the approximate centre of the site.

Surrounding
Land Uses

2.2

North

Immediately to the north of the site is Princes Highway, low-density
residential dwellings, vacant/pastoral land and Portland strawberry
farm (500 m north-west).

East

Immediately to the east of the site is a low-density residential area with
significant vacant/pastoral land.

South

Immediately to the south of the site is, Dutton Way road, a caravan
park and Dutton Way Foreshore Reserve.

West

Immediately to the west of the site are low-density residential
properties and vacant/pastoral land. Further out to the west is
Portland.

Current Site Layout

A review of NeapMap aerial imagery from November 2018 showed that the site is
predominantly vacant farmland with the exception of a residential structure and
associated farming structures in the centre of the site. There are also a number of drive
ways and access tracks traversing across the site. A dam is noticeable in the centre
and on the western border of the site, and two identical unidentified structures, are
notable in the north-west corner of the site. These features are consistent with
observations made by Sustainable Project Management Pty Ltd during a site inspection
on 12 November 2018.
Aerial imagery reviewed is presented in Figure 2 in Appendix A.

2.3

Topography

The north western section of the site is located at a topography of 41 mAHD, sloping
steeply to approximately 3 m AHD in the central area of the site towards Dutton Way
based on topographic information, this is presented on the site cross-section in
Appendix A. Regionally the topography is expected to be grading towards the
G0643_RPT003_Yumbah_HA_21Dec18V3.docx
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Southern Ocean (Portland Bay), with the foreshore located between 65 and 160 m to
the south east of the site.

Figure 2.1. Local topography (Source: www.land.vic.gov.au, Date Accessed: 29
November 2018)

2.4

Climate

Local climate data was obtained from 1982 to 2018 from the Bureau of Meteorology
(BoM) online climate database from nearby weather station Portland (Cashmore
Airport) (090171). The data indicates the mean minimum temperature varies from
12.8ºC (February) to 6.3ºC (July), the mean maximum temperature varies across the
year from 22.5ºC (February) to 13.7ºC (July) , the mean rainfall varies from 28.4 mm
(February) to 113.2 mm (July), and the mean number of clear and cloudy days ranged
from 4.5 (January) to 1.9 (May) and 16.1 (May) to 9.7 (February) respectively. A
summary of the mean minimum and maximum temperatures and the mean rainfall is
presented on Figure 2.2 below.
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Mean Min Temperature

Figure 2.2. Mean rainfall and temperature data from 1982 to 2018 from Portland
(Cashmore Airport)(BoM).

2.5

Hydrology

The nearest surface water bodies located in the vicinity of the site are outlined below:
▪

Drainage channels running through the center of the site and along the southern
half of the western and eastern site boundaries, the invert levels of these features
are unknown; and

▪

Portland Bay which flows to the Southern Ocean located between 65 and 160 m to
the south west of the site.

It is noted that the Statewide Geotechnical report indicated the following surface
water features:
▪

A dry drain was located along the western site boundary; and

▪

Dams in the western and central sections of the site.

2.6

Geology

2.6.1

Regional Geology

Summary of the regional geology is present in Table 2.2 below from surface to depth for
the Cainozoic time period.
Table 2.2

Geology – Cainozoic Sequence

Formation

Age

Geological Unit

Depth of
Formation

Source

Swamp Deposits
(Qrm)

Quaternary

Quaternary aged
mostly Holocene
swamp and lake
deposits - comprising
silt and clay lagoon
and swamp deposits

Mapped as being
present from
surface in the
central area of the
site.

DELWP 2015

Dune Deposits (Qrd)

Quaternary

Quaternary aged
Holocene to
Pleistocene coastal
dune deposits comprising dune sand,
swamp deposits and

Mapped as being
present from
surface in the
south of the site.

AECOM 2010

G0643_RPT003_Yumbah_HA_21Dec18V3.docx
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Formation

Age

Geological Unit

Depth of
Formation

Source

beach sand coastal
and inland dunes
Newer Volcanics

Whalers Bluff
Formation

Quaternary,
Holocene to
tertiary Pliocene

Newer Volcanic basalt
flows - comprising
tholeiltic to alkaline
basalts, minor scoria
and ash

Mapped as
outcropping in the
north of the site.
Inferred to be
thicker in the north
of the site, where
a topographic
high exists.

DELWP 2015

Tertiary, Pliocene

Coastal: sandy
limestone, calcarenite,
shell beds, marl.

Underlying the
quaternary units

Geoscience
Australia 2018a

AECOM 2010
Geological
Map Series of
“Portland”1”

AECOM 2010
VVG 2018

Port Campbell
Limestone and
other limestone
formations

Tertiary, Miocene

Gellibrand Marl

Tertiary, Miocene

Clifton Formation

Tertiary, Miocene

Limestone (fractured
rock), well cemented,
white limestone

NA

Marine disposition,
clay, marl and wormburrowed calcarenite,
fine to medium
grained quartz and
detrital calcareous
fossil fragments in clay
matrix, moderately
sorted, massive to well
bedded.

NA

Marine marl, silt,
calcarenite, basalt

NA

DELWP 2015
SRW 2011
AECOM 2010
Geoscience
Australia 2018b
SRW 2011

Geoscience
Australia 2018b
SRW 2011

Narrawaturk Marl

Dilwyn Formation

Tertiary,
Oligocene to
Ecocene

Calcareous mudstone,
minor thin calcarenite
beds: locally
carbonaceous and
burrowed, locally
abundant glauconite
pellets and polished
quartz sand,
foraminifers,
bryozoans,
brachiopods and
molluscs; open marine
(below storm wave
base) deposits.

NA

Tertiary, Ecocene

Composed mainly of
dark brown,
carbonaceous sandy
clay and silt,
interbedded with fineto medium-grained,
clean to clayey sand,
with minor coarse
sand and gravel.

NA

Geoscience
Australia 2018c
SRW 2011

Geoscience
Australia 2018d
SRW 2011

Notes:
1

Geological Survey of Victoria 1:250000 Geological Map Series of “Portland”

NA

Not Available

The mapped geological conditions including the Quaternary Swamp Deposits (Qrm)
and Dune Deposits (Qrd) are generally consistent with the shallow geological
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conditions logged as part of the geotechnical investigation as described in Section
2.6.2 below.
2.6.2

Local Geology

Geological investigation’s undertaken by Statewide Geotechnical in 2018 identified
dark brown/ grey medium to firm plasticity and medium density silty sands and clays,
inferred to be Quaternary swamp and dune deposits. The subsurface was generally
described as moist from the surface to 0.5-1.5 m and moist to wet to the base of the
bores at 3 m.
Geological conditions logged in boreholes logged in the south of the site (50720, 50733
and 50677) reported sands from the surface followed by clays and limestone within 10
m from the ground surface, with basalt encountered at borehole 50677 only reporting
weathered clays and boulders from 12 m depth and rock from 28.65 m depth. Off-site
to the south of the site, sands with shells were generally logged from the surface
followed by limestone from 3 to 12 m depth, with majority of these off-site bores
extending to between 12 and 24 m depth and terminating within the limestone. There is
potential that borehole 50677 has been incorrectly plotted on the VVG database in the
south of the site, given the inconsistencies with the other borehole lithologies identified
in the southern area of the site and down gradient (i.e. all limestone and no basalt
identified). The limestone encountered is inferred to be the Whalers Bluff Formation (J.
Leonard 2018, personal communication, 10 December).

2.7

Hydrogeology

Correspondence from EPA Victoria following review of the initial Works Approval
documentation indicated that the following items were required:
▪

Characterisation of groundwater resources beneath the site and immediately
downstream;

▪

A groundwater borehole map showing location of on and off-site monitoring
boreholes;

▪

A summary of seasonal variations (quality and level) in groundwater and surface
water on-site;

▪

Production of groundwater contour maps to show groundwater flow direction on
site including seasonal variations; and

▪

An assessment of potential impacts on groundwater availability and groundwater
quality in off-site groundwater bores.

Further details on the above-mentioned items are presented in the following sections.
2.7.1 Regional Hydrogeology
The site is located within the Otway Basin in western Victoria, which is bounded by the
Uplands (Highlands) basin to the north, the Port Phillip Basin to the east and extends offshore to the south beneath the Southern Ocean (SRW 2014). Three (3) main aquifers
have been identified by SRW (2011) regionally in the Otways Basin as detailed below:
▪

Upper aquifers are represented by the Newer Volcanics. It is noted that locally the
quaternary sediments (Qrm and Qrd units) are also present on and in the vicinity of
this site (see Section 2.7.2 for further discussion);

▪

Middle aquifer comprising:
-

Upper middle aquifers are represented by the Port Campbell Limestone,
separated from the lower middle aquifer by the Gellibrand Marl; and

G0643_RPT003_Yumbah_HA_21Dec18V3.docx

7

Desktop Hydrogeological Assessment: Lots 1 and 8, 315 Dutton Way, Bolwarra Vic

▪

Lower middle aquifers are represented by the Clifton Formation, underlain
by a thick aquitard the Narrawaturk Marl.

The lower aquifer is characterised by the Dilwyn Formation (tertiary aged). It is
noted that the lower aquifer provides urban water supply to the Portland area and
is present at significant depths (> 300 m depth).

A review of the Victorian Groundwater Beneficial Use Map Series, South Western
Victoria Water Table Aquifers (DCNR, 1995) indicates that the water table aquifer at the
site is expected to be unconfined in nature and present within the Quaternary aquifer
beneath the site. A discussion of the local hydrogeological conditions is presented in
Section 2.7.2 below.
A summary of the hydrogeological units for the Portland Groundwater Catchment area,
as described above, is shown on the schematic presented in Figure 2.3 below.
Conceptually the subject site is located here, with water
table identified within the Quaternary-aged sediments
(Qrd and Qrm) on-site. The quaternary sediments are
either at the flanks of or possibly overlying the upper Basalt
aquifer (as per Section 2.7.2).

Figure 2.3. Schematic Cross-Section of Hydrogeological Units of the Portland
Groundwater Catchment (Source: SRW 2014).
Hydraulic Properties
Hydraulic conductivity values presented in Glenelg Hopkins (2002) for the Quaternary
dune deposits units range between 10-6 to 102 m /day, and are generally consistent
with site specific values presented in Section 2.7.2 for the Quaternary sediments
identified on-site.
Hydraulic Connectivity Between Aquifers
SRW (2014) indicates that the units forming the upper and upper middle aquifers exhibit
a degree of interconnectivity, with the upper aquifer connected to the middle aquifer
by vertical leakage and lateral throughflow. The upper middle aquifer including the
Limestone is semi-confined by the upper aquifer. The lower middle aquifer (and
consequently the deeper lower tertiary aquifer i.e. Dilwyn Formation) is completely
confined from the overlying aquifer by a thick aquitard indicating there is no
interconnectivity of groundwater between the upper middle and lower middle aquifers.
Locally, the chilled base of the basalt lava flows in the area (where present), coupled
with the Whalers Bluff Formation identified, potentially provide an increased level of
confinement to the underlying groundwater within the deeper productive Port
Campbell Limestone (J. Leonard 2018, personal communication, 10 December).
G0643_RPT003_Yumbah_HA_21Dec18V3.docx
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Therefore, any impacts to the shallow aquifer, are likely to be limited to the shallow
upper aquifers only and are unlikely to affect the quality or supply of deeper uppermiddle and lower-middle tertiary aquifers and the lower tertiary aquifer (i.e. Dilwyn
Formation).
Groundwater Segment
Based on the DELWP Groundwater Resource Report groundwater at the Site has been
mapped with a Total Dissolved Solids (TDS) concentration ranging between 501 and
1,000 mg/L (DELWP 2015).
TDS values obtained from Visualising Victoria’s Groundwater Database (VVG) for bores
located on and in the vicinity (down hydraulic gradient) of the site are summarised as
follows:
▪

On-site TDS values were reported at 765 mg/L in the basalt (bore 50677) and
ranging between 702 and 1,030 mg/L in the limestone (bores 50720 and 50733);
and

▪

Off-site TDS levels were reported at between 533 to 869 mg/L in bores located
down hydraulic-gradient (inferred) to the south east and intercepting limestone.

It is noted that the three bores (50720, 50733 and 50677) which are shown to be located
along the southern boundary of the site and registered for domestic and stock
purposes. These bores have been completed between 1987 and 1990 and range from
12.40 to 57.91 m deep, indicating they intercept both the Quaternary Aquifer (in the
case of 50677 screened from 28 to 57 m depth in the basalt) and Upper Mid-Tertiary
Aquifers (at bore 50733 screened from 10 -12.4 m in limestone; bore 50733 screened
interval unknown and geology intercepted was limestone). These bores were not noted
as being observed during recent investigations undertaken by Statewide Geotechnical.
No TDS results were available for bores screened within the shallow quaternary swamp
and dune on-site or down-gradient of the site. It is noted that down-gradient off-site
bore 50703 is potentially screened within the shallow quaternary sediments (dune
deposits), however no TDS levels were available for this bore. On the basis of the TDS
results available for bores on site which were reported to range between 702 and 1,030
mg/L in the Quaternary (QA), and Upper Mid Tertiary Aquifer (UMTA) aquifers beneath
the site, under the State Environment Protection Policy (SEPP) Waters, the groundwater
at the site is likely to classify as Segment A2 (601-1,200 mg/L).
Further details on the Beneficial Uses of Groundwater to be Protected under the
abovementioned Segments is presented in Section 3.1 below.
Groundwater Quality
Groundwater parameters have been recorded from three on-site bores between 1987
and 1990 and from 61 off-site bores (within 1km of the site boundary) between 1971
and 1996. The results are provided in Table 2.3 below.

G0643_RPT003_Yumbah_HA_21Dec18V3.docx
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Table 2.3 Regional Groundwater Quality Parameters
Parameter

Min

Max

Onsite

Offsite

Mean

Onsite

Offsite

Onsite

Offsite

Alkalinity

290

45

420

390

333

257

Bicarbonate ions

353

55

512

517

406

323

Calcium

76

0

230

320

128

98

-

8

-

17

-

13

Iron

0.6

0.05

4

7.5

2

2

Magnesium Ions

13

2

20

130

16

31

Potassium Ions

2

1

5

13

4

4

Sodium Ions

89

15

140

650

109

142

Total dissolved solids

702

118

1030

3084

832

955

Carbonate ions

The groundwater parameter results provide a representation of the groundwater
characteristics on the site and in the surroundings. The results are derived from bores at
various depths to a maximum depth of 132 m, this indicates that the bores on site and
within 1km of the site boundary all lie within the upper (0-3 m) and middle aquifers (0295 m).
2.7.2

Local Hydrogeology

Discussion on the local hydrogeological conditions in the area including the depth to
groundwater, hydraulic properties, flow direction and groundwater utilisation are
presented in the following sections.
Existing Groundwater Monitoring Wells Infrastructure
The following groundwater monitoring wells have been identified on-site based on
review of the information provided:
•

Two temporary groundwater monitoring wells installed at the site BH8 and BH9.
No bore construction details are available in Statewide Geotechnical (2018);

•

Logs reviewed from Statewide Geotechnical (2018) report also showed a
groundwater monitoring well was installed at BH6, however no data was
presented for this borehole in (Statewide Geotechnical 2018);

•

A water well and wind pump present in the north-central of the site was
reported in Statewide Geotechnical (2018), no further details on the depth of
the well was available.

•

Water level monitoring data from July to November 2018 was provided by
Sustainable Project Management on behalf of Foresight Engineering Services for
a bore understood to be BH6 and located in the eastern area of the site. No
details regarding well construction of this bore was available. Further discussion
of this data is presented in Section 2.7.3 below.

The locations of these monitoring wells are shown on Figure 2 Appendix A.
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Depth to Groundwater
DELWP (2015) Groundwater Resources report has indicates that the water table aquifer
occurs between 5 and 10 m below ground level. Statewide Geotechnical (2018)
reported that west conditions inferred to be the shallow water table were observed
during the geotechnical assessment from <0.1 to 1.0 m bgl during drilling, stabilising at
between 0.35 and 1.8 m bgl post drilling. These observations indicate the aquifer is
potentially unconfined in nature.
Based on the topography of area and the hydraulic theory of groundwater flow in
coastal aquifers, the water table at the site is expected to be shallow.
Groundwater level monitoring gathered from on-site bore between July and November
2018, by Foresight Engineering Service (2018) has been graphed relative to rainfall and
presented in Figure 2.4 below. Tabulated raw data provided is presented in Appendix D.

Figure 2.4. Hydrograph from on-site groundwater bore from July to November 2018 and
local daily rainfall (Source: Foresight Engineering Services (2018) and BoM (2018).
Groundwater was identified at very shallow levels on-site ranging between 1.7 and 2.5
mAHD (0.03 to 0.87 m bgl). Figure 2.4 demonstrates a clear correlation between
groundwater elevation and rainfall. There is an overall trend of decreasing
groundwater elevation and decreasing rainfall from July 2018 to November 2018.
Following periods of prolonged rainfall, it is evident that the groundwater elevation
increases, suggesting rainfall events acting as a direct source of recharge to the
shallow water table aquifer (i.e. the Quaternary Aquifer). This further confirms the
unconfined nature of the aquifer identified.
Groundwater encountered in the water table aquifer may not be directly interacting
with the upper middle tertiary aquifers, with the chilled base of the basalt lava flows in
the area (where present) and the underlying Whalers Bluff Formation providing an
increased level of confinement to the underlying Port Campbell Limestone (J. Leonard
2018, personal communication, 10 December).
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Hydraulic Properties
Aquifer hydraulic testing was completed by Statewide Geotechnical (2018), with results
indicating aquifer permeabilities were low to moderate, based on hydraulic
conductivity values ranging between 3.2 x 10-1 (at BH9 intercepting clays) and 1.5 x 101
m/day (at BH8 intercepting sands). These conductivity values are consistent with
literature values quoted presented in Section 2.6.2 above for the Quaternary dune
deposits, which were inferred to have been intercepted at BH8.
Groundwater Flow Direction
At present there is insufficient data available to produce groundwater contour maps
(minimum of three points required for triangulation). Groundwater is inferred to be
flowing in a south easterly direction towards Southern Ocean based on:
▪

the site topography (dipping in a south eastly direction);

▪

the distance and direction of the nearest natural surface water body (Southern
Ocean), local, located between 50 and 175 m south east of the site; and

▪

the hydraulic theory that flow lines are normal to groundwater discharge in the
nearby off-site ocean (i.e. Southern Ocean (Portland Bay)).

Refer to Figure 2 showing the inferred groundwater flow direction.
Groundwater Quality
Based on the information reviewed we understand that no site-specific testing and
analysis of groundwater was undertaken as part of the geotechnical assessment.
Accordingly, seasonal variations in groundwater quality cannot be commented on. A
discussion on TDS values reported from on-site wells was presented in Section 2.7.1
above under the Groundwater Segment discussion.
Groundwater Utilisation
During the course of this hydrogeological assessment only limited information has been
available on the status and condition of the bores. The Visualising Victoria’s
Groundwater (VVG) Database has been utilised as the primary source of information.
A search of the VVG database was undertaken for registered bores located on site
and within 1 km of the site on 28 November 2018. The search identified a total of 4
bores on-site and 73 bores within 1 km of the site boundary. A summary of the bore
search data is presented in Appendix C and outlined below:
On-site
▪

Three (3) bores (50720, 50733 and 50677) were registered for domestic and stock
use on-site, it is unknown if these bores are active or decommissioned based on
information presented in the VVG database.

▪

One (1) bore (50449) registered with unknown use on-site, this bore was reported
in the VVG database as being unknown if active or decommissioned.

Off-site (within 1 km of site boundary)
▪

3 bores registered for commercial use;

▪

33 bores registered for domestic use;

▪

22 bores registered for domestic and stock use;

▪

2 bores registered for domestic and irrigation use;
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▪

1 bore registered for domestic, stock and irrigation use;

▪

4 bores registered for irrigation use;

▪

2 bores registered for observation use;

▪

3 bores registered for stock use; and

▪

3 bores with unknown use.

Note: some bores have been identified as a GEDIS and WMIS bore with the same bore
ID and are therefore inferred to represent one bore. A total of 9 duplications have been
identified including; 50633, 50672, 50666, 50637, 50645, 50642, 50671, 50617 and 50615.
Refer to Figure 2 showing the location of the identified groundwater bores and their
respective uses. A number of bores registered for extractive purposes such as domestic
and stock uses are located to the south east of the site, in the residential area situated
between the site and the foreshore area. These bores have been found to range in
depth from 12.5 to 57.9 m bgl and therefore potentially intercept the shallow water
table aquifer as well as the underlying Whalers Bluff Formation. These bores and the
groundwater users are considered to be potential receptors of any contamination or
changes to groundwater availability which may originate from site under the proposed
future use.
A summary of the bores installed down hydraulic gradient (inferred) of the site and
therefore are considered potential receptors of impacts from the site have been
presented in Table 2.4 below.
Table 2.4 Groundwater Bore – Extractive Uses Down-Gradient (inferred) of Site
Bore ID

Location

Bore Use

Active/
Not Active

Standing
Water
Level (m
bgl)

Screened
Interval (m
deep)

Screened
Lithology

Distance and
Direction

50645

Off-site

Domestic

Unknown

N/A

12.19 to 12.49

Limestone

63 m south-east

50666

Off-site

Domestic

Unknown

N/A

14.02 to 14.63

Limestone

350 m southeast

WRK046
860

Off-site

Commercial

Unknown

N/A

16.76 to 24.38

Limestone

32 m south-east

WRK959
512

Off-site

Commercial

Unknown

N/A

13.61 to 21.34

Limestone

111 m southeast

50720

On-site

Domestic
and Stock

Unknown

N/A

N/A

N/A

Southern
portion of site

50733

On-site

Domestic
and Stock

Unknown

N/A

10.00 to 12.40

N/A

Southern
portion of site

50677

On-site

Domestic
and Stock

Unknown

N/A

28.65 to 57.91

Basalt

Southern
portion of site

Although the physical condition of the bores have not been confirmed through direct
inspections, regardless of the condition of individual bores, the beneficial uses for
groundwater have been identified (see Section 3.1) and domestic use and stock
watering must be regarded as actual uses for groundwater down-gradient of the site.
The activities on site during construction will require isolated dewatering events that will
be managed to minimise volumes of groundwater extracted. This is unlikely to result in
significant draw down or seawater intrusion as this is only likely in situations where
dewatering of large volumes occurs for extended periods.
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As noted in Section 2.7.1 above, the lower tertiary aquifer (Dilwyn Formation) provides
urban water supply to the Portland area, with this aquifer reported to be at depths >300
m below ground level and confined by an aquitard (confining layer of very low
permeability). Accordingly, the potential for impact from site operations on this deeper
lower tertiary aquifer is considered highly unlikely.
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2.8

Summary Conceptual Hydrogeological Model

An outline of the conceptual hydrogeological model for groundwater and surface
water on and immediately adjacent to the site is presented in Table 2.5 below. The
conceptual hydrogeological model has been prepared in general accordance with
the EPA Hydrogeological Assessment (Groundwater Quality) Guidelines, Publication 668
(EPA Victoria 2006). A conceptual cross section is presented in Figure 4 in Appendix A.
Table 2.5 Conceptual Hydrogeological Model
Item
Geology
Refer to section
2.6

Details
The site is identified within three geological formations including;
▪

Quaternary Swamp Deposits (Qrm);

▪

Quaternary Dune Deposits (Qrd); and

▪

Quaternary Newer Volcanics (Qvn).

Three main aquifers underlain the site;
Aquifers
Refer to section
2.7.1

Groundwater
Elevation and
Depth
Refer to section
2.7.2
Flow Direction
Refer to section
2.7.2

Hydraulic
Properties
Refer to section
2.7.2

▪

Upper aquifers, represented by the Newer Volcanics and locally present
Quaternary sediments (as noted above);

▪

Middle aquifer comprising: Upper middle aquifers are represented by the Port
Campbell Limestone and Lower middle aquifers are represented by the Clifton
Formation; and

▪

Lower aquifer is represented by the Dilwyn Formation which is the urban water
supply for the Portland area.

The groundwater elevation on site is approximately 1.7 to 2.5 mAHD and the depth ranges
between 0.03 to 0.87 m bgl (data supplied by Foresight Engineering 2018a).

On the basis of the site topography (dipping in a south eastly direction) and the distance
and direction of the nearest natural surface water body (Southern Ocean), locally
groundwater is inferred to be flowing in a south easterly direction with flow line normal to
the coast.
Low to moderate aquifer permeabilities reported on-site. Hydraulic conductivity values
ranged between 3.2 x 10-1 (at BH9 intercepting clays) and 1.5 x 101 m/day (at BH8
intercepting sands) (Statewide Geotechnical 2018).
Reported conductivity values are consistent with literature values presented in Section
2.6.2 above for the Quaternary dune deposits, inferred as the unit intercepted at BH8.
Hydraulic gradients within the shallow aquifer have been unable to be determined on the
basis of limited spatial data.
Groundwater parameters have been recorded historically from three on-site bores and
from 61 off-site bores (within 1km of the site boundary) including;

Groundwater
chemistry/
quality
Refer to Table
2.3

Segment/
Protected
Beneficial uses
of
Groundwater

▪

TDS;

▪

Alkalinity;

▪

Bicarbonate ions;

▪

Calcium;

▪

Carbonate ions;

▪

Iron;

▪

Magnesium Ions;

▪

Potassium Ions; and

▪

Sodium Ions.

On the basis of the TDS results which were reported to range between 702 and 1,030 mg/L
in the QA,and UMTA aquifers beneath the site, under the Waters of Victoria State
Environment Protection Policy (SEPP), the groundwater at the site is likely to classify as
Segment A2 (601-1,200 mg/L).

Refer to
Section 3.1
Resource

A search of the VVG Database was undertaken for registered bores located on site and
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Item

Details

Utilisation

within 1 km of the site. The search identified a total of 4 bores on-site and 76 bores within 1
km of the site boundary including:

Refer to section
2.7.2

On-site
▪

3 bores registered for domestic and stock use; and

▪

1 bore registered for unknown use.

Off-site (within 1 km of site boundary)
▪

3 bores registered for commercial use;

▪

33 bores registered for domestic use;

▪

22 bores registered for domestic and stock use;

▪

2 bores registered for domestic and irrigation use;

▪

1 bore registered for domestic, stock and irrigation use;

▪

4 bores registered for irrigation use;

▪

2 bores registered for observation use;

▪

3 bores registered for stock use; and

▪

3 bores with unknown use.

Seven groundwater bores and one surface water location located south-east (down
gradient) of the site have been identified as potential receptors of contamination), if to
occur on-site:
Receptors
Refer to table
2.5

▪

2 bores off-site registered for domestic use;

▪

2 bores off-site registered for commercial use;

▪

3 bores on-site registered for domestic and stock use; and

▪

The Southern Ocean (Portland Bay).

The urban water supply for the Portland area is from the lower tertiary aquifer (Dilwyn
Formation), with this aquifer reported to be at depths >300 m below ground level and
confined by an aquitard (confining layer of very low permeability).
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3

REGULATORY FRAMEWORK

3.1

SEPP Waters

The State Environment Protection Policy (Waters) (Waters SEPP 2018) forms part of the
regulatory framework in Victoria and is an instrument to the Environment Protection Act
1970. The Waters SEPP sets out consolidated surface water and groundwater policies for
the state of Victoria, with the intent of protecting and managing the quality of
Victoria’s waters including surface waters, estuarine and marine waters and
groundwaters.
Schedule 1 of the SEPP Waters outlines the segments of the groundwater environment
(as per clause 9 of the SEPP) based on background levels of Total Dissolved Solids (TDS)
in the groundwater. For each segment protected beneficial uses are defined in the
Waters SEPP (as per Table 2 of Schedule), and presented in Table 3.1 below.
Table 3.1 Beneficial Uses of Groundwater to be Protected
Segment (TDS mg/L)

✓

F

>10,001

✓

✓

E

7,101-10,000

Potable water supply (desirable)

✓

D

5,401-7,100

✓

C

3,101 – 5,400

Water dependent ecosystems and species

B

1,201 – 3,100

A2

601-1,200

A1

0-600

Beneficial Use

✓

✓

✓

✓

✓

✓

Potable water supply (acceptable)
Potable mineral water supply

✓

✓

✓

Agriculture and irrigation (irrigation)

✓

✓

✓

Agriculture and irrigation (stock watering)

✓

✓

✓

✓

✓

Industrial and commercial

✓

✓

✓

✓

✓

Water-based recreation (primary contact
recreation)

✓

✓

✓

✓

✓

✓

✓

Traditional Owner cultural values

✓

✓

✓

✓

✓

✓

✓

Cultural and spiritual values

✓

✓

✓

✓

✓

✓

✓

Buildings and structures

✓

✓

✓

✓

✓

✓

✓

Geothermal properties

✓

✓

✓

✓

✓

✓

✓

As discussed in Section 2.7.1 above, on the basis of the mapped TDS concentrations of
groundwater of the upper aquifer (comprising the QA, UTB and UMTA aquifers) at the
site, the groundwater at the site is likely to classify as the following Groundwater
Segments:
▪

Segment A1 (0-600 mg/L); and
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▪

Segment A2 (601-1,200 mg/L).

The relevant beneficial uses under these Segments are shaded in Table 3.1 above.

3.2

Compliance with SEPP Waters

Correspondence from EPA Victoria following review of the initial Works Approval
Application indicated that the following items were required:
▪

Hydrogeological Assessment is required to demonstrate that the proposed
development complies with SEPP (Waters) including Clause 9, Clause 15, Clause
17, Clause 42, Clause 56.

▪

An assessment of the current and future protected beneficial uses of
groundwater (Clause 9 and Clause 15 of SEPP (Waters)), taking into account the
spatial and temporal variability of TDS.

A brief discussion of each of these clauses are presented below.
3.2.1 Clause 09 - Segments of the water environment
From SEPP Waters:
“(1) For the purpose of this Policy the groundwater and surface water
segments are set out in Schedule 1.
(2) The Authority must determine to which segment water belongs, having
regard to information reasonably available to the Authority.”

The groundwater TDS concentrations in the vicinity of the site, were reported to range
between 702 and 1,030 in the QA, UTB and UMTA aquifers and are therefore the
groundwater at the site has been inferred to classifyas Segment A2 (601-1,200 mg/L).
At present there is no site-specific (or temporal) TDS data available to confirm this
classification. It is noted that the indicative classification of Segment A2 provides one of
the highest level of protection available (including protection of potable water supply),
therefore any spatial or temporal variability is unlikely to result in a more protective
segment of the groundwater environment. A lower classification may result in the event
the proposed baseline groundwater assessment indicates higher background TDS levels.
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3.2.2 Clause 15 – Beneficial uses of groundwater
From SEPP Waters:
“(1) Subject to subclause (2), this Policy protects the beneficial uses set
out in Table 2 of Schedule 2 for groundwater in each segment
marked by a tick.
(2) The Authority may determine that a beneficial use specified in Table
2 of Schedule 2 does not apply to groundwater if any of the
following apply –
a) there is insufficient aquifer yield to sustain the beneficial use;
b) the application of groundwater, such as for irrigation, may be
a risk to beneficial uses of land or the broader environment
due to the soil properties;
c) the beneficial use specified in the definition of water
dependent ecosystems and species relates to stygofauna
and troglofauna;
d) the background level of an environmental quality indicator
would not provide for the protection of the beneficial use.
(3) When making a determination under subclause (2)(a), the Authority
–
a)

may take into account possible variations within the aquifer
and reasonable bore development techniques to improve
yield; and

b) must be satisfied that –
i.

the beneficial use for water dependent ecosystems and
species is protected; and

ii.

there will be no risk to beneficial uses; and

iii.

preferential flow through fractures or naturally formed
cavities is not the dominant mode of permeability.

(4) When making a determination under subclause (2)(c), the Authority

may require an applicant to conduct an assessment of stygofauna
and troglofauna.”

Based on the reported TDS levels in the vicinity of the site (702 and 1,030 mg/L), the
following Beneficial Uses of Groundwater (for Segment A2) are to be protected at the
site:
▪

Water dependent ecosystems and species;

▪

Potable water supply (acceptable);

▪

Potable mineral water supply;

▪

Agriculture and irrigation (irrigation);

▪

Agriculture and irrigation (stock watering);

▪

Industrial and commercial;

▪

Water-based recreation (primary contact recreation);

▪

Traditional Owner cultural values;

▪

Cultural and spiritual values;

▪

Buildings and structures; and

▪

Geothermal properties.
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It is noted that the shallow water table aquifer is not within a known mineral water
supply zone, therefore this beneficial use is not considered to be relevant. A discussion
to the potential risks to the other beneficial uses of groundwater is presented in Section
4.
3.2.3 Clause 17 – The environmental quality indicators and objectives
From SEPP Waters:
“(1) The levels of environmental quality required to protect the beneficial
uses of waters set out in Schedule 2 are the environmental quality
indicators and environmental quality objectives set out in Schedule
3.
(2) The non-attainment of an environmental quality objective indicates
that – (a) one or more beneficial uses may be at risk; and (b) an
investigation is required to assess the level of risk to those beneficial
uses and determine the actions needed to address those risks.
(3) The environmental quality indicators and objectives specified in
Schedule 3 will apply to all waters unless any of the following apply –
a) the background levels of waters are better than the
environmental quality objectives, in which case the
background level will become the objective for the purpose
of this Policy;
b) the environmental quality objectives are not able to be
attained due to natural levels in environmental quality
indicators, in which case the background level will become
the objective for the purposes of this Policy;
c) the Authority approves a mixing zone for surface waters
under clause 23 in issuing any licence under the Act;
d) the Authority determines a groundwater attenuation zone
under clause 57 in any works approval or licence under the
Act; or
e) the groundwater is within a groundwater quality restricted
use zone.
(4) If the level of any environmental quality indicator or objective is not
provided for in Schedule 3, contamination must not cause a risk to
the beneficial uses, and the environmental quality objective for that
indicator becomes –
a) the levels specified in the ANZECC Guidelines; or
b) the investigation level specified for groundwater in the
National Environment Protection (Assessment of Site
Contamination) Measure; or.
c) levels derived for groundwater using a risk assessment
methodology set out in the National Environment Protection
(Assessment of Site Contamination) Measure.”

At present no site-specific analytical testing on groundwater at the site has been
undertaken to demonstrate compliance with the environmental quality indicators and
objectives as specified in the Waters SEPP and ancillary documents (ANZECC and
NEP(ASC)M). It is envisaged that it will be necessary to establish baseline groundwater
conditions (including levels and quality) on-site prior to the commencement of
construction for the proposed development as well as implementation of an ongoing
monitoring program to monitor any changes to groundwater conditions with respect to
levels and water quality (for contaminants of concern) throughout the facilities ongoing
operation.
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3.2.4 Clause 42 – Management of construction activities

From SEPP Waters:
“A person responsible for a construction activity must –
a) ensure their activities are managed to minimise the risks to
beneficial uses, so far as reasonably practicable, including
risks from dewatering, land disturbance, soil erosion or the
discharge of sediments and other pollutants to waters; and
b) monitor surface waters where the construction activity
adjoins or crosses surface waters to assess if beneficial uses
are being protected; and
c) comply with guidelines published or approved by the
Authority in relation to the construction activity.”

A Construction Environmental Management Plan (CEMP) is to be developed and
implemented during the construction phase of the proposed development. The
construction environmental management plan should be conditions as part of any
approval, developed and incorporate measures to limit the potential for impact to the
environment including the underlying shallow aquifer during construction.
3.2.5 Clause 56 – Hydrogeological assessment
From SEPP Waters:
“The Authority may require a hydrogeological assessment be
undertaken by an applicant for, or holder of, a works approval or
licence, or a recipient of a notice to determine –
(a) existing groundwater contamination and resulting risks to
beneficial uses; and
(b) potential risks to groundwater quality and beneficial uses.”

This report details the results of the desktop Hydrogeological Assessment, with a
discussion on the potential risks to groundwater quality and beneficial uses presented in
Section 4.
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4

IMPACT ASSESSMENT

Correspondence from EPA Victoria following review of the initial Works Approval
Application indicated that a desktop groundwater risk assessment of the potential for
disruption of local groundwater flows and quality, during construction and subsequently
operation of the abalone farm was required. The following section details the impact
assessment in accordance with EPA Victoria Hydrogeological Assessment
(Groundwater Quality) Guidelines, Publication 668 (EPA Victoria 2006).

4.1

Proposed Development

Based on the information presented in the Works Approval Application prepared by
Yumbah Aquaculture we understand that the site is proposed to be developed as a
land-based abalone farm extending across 45.9 hectares of rural land (Yumbah
Aquaculture 2018). The facilities operation is noted as being similar to an existing landbased abalone farm in Narrawong located approximately 6 km east of the proposed
site. The development of the site is proposed to be undertaken in a staged manner
over a two to four-year period.
4.1.1 Infrastructure
As part of the proposed development, Yumbah Aquaculture (2018) details the
following proposed infrastructure for the Yumbah Nyamat facility:
▪

Breeding and hatchery and nursery facilities

▪

Grow-out tanks, divided into four sections;

▪

Seawater in-flow and outflow pipelines;

▪

Compartmentalised pump station including backup generators, and workshop;

▪

Sediment entrainment channels;

▪

Emergency recirculating reservoirs and pumps.

▪

Stormwater retention pond;

▪

Staff amenities and administration offices, including car parking;

▪

Pig retrieval station;

▪

Aquafeed storage silos;

▪

Abalone mortality and storage facility;

▪

Workshop and storage sheds;

▪

Ancillary solar system;

▪

Emergency pump house; and

▪

Diesel fuel storage.

The above features are shown on a plan by Foresight Engineering Services (2018b)
presented in Appendix E from Yumbah Aquaculture (2018).
4.1.2 Process Overview
An overview of the proposed processes involved in Abalone farming has been
obtained from process flow diagram titled Nyamat Dutton Way, General Process Flow
Diagram, Typical For All Modules, Drawing YUM-003-06 (Foresight Engineering 2018d)
and the Work Approval documentation (Yumbah Aquaculture 2018). Based on this
information we understand the Abalone farming will generally include the following:
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▪

Seawater extracted from Portland Bay through numerous suction inlets will be
pumped to, and throughout, the farm;

▪

Seawater will be circulated through the on-site pipe distribution network
(powered by the ancillary solar system) to the nursery, hatchery and grow tanks
as a single flow through process;

▪

Seawater will be pumped continuously into each tank at a constant rate of 2.6
L/s and flow slowly along the length of the tank before discharging into the
internal lateral drainage, then onto the flat bottom Southern Collection Channel
where it will be compartmentalised for each grow out module system;

▪

The Southern Collection Channel (SCC) is connected to all grow modules, the
stormwater system, and the 3.6 m wide Sediment Settlement Channel (SSC)
which has the capacity to settle down to 150 microns;

▪

This water then enters the 3.0 m wide discharge channel where it will either
enter a retention reservoir as overflow, or the discharge pit;

▪

The discharge pit can then divert the seawater to either the standby
recirculation pump station or ocean outfall (depending on the water quality);

▪

Seawater is discharged continuously from three pipe easements consisting of
network of a maximum of 8 pipes of approximately 1000mm in diameter; and

▪

Drainage water entering the discharge channel and pit from the SSC will
discharge back into the receiving Portland Bay.

The above processes are shown on Process Flow Diagram presented in Appendix E
from Yumbah Aquaculture (2018).

4.1.3 Wastewater Production and Treatment
These processes result in waste matter (mainly organics and nutrients), consisting
primarily of abalone faeces and uneaten food pellets. These added wastes result in an
increase in organic and nutrient concentrations within the wastewater, which will
consequently increase the load discharged into the marine environment. Therefore, the
treatment of wastewater has been considered in the protection of a range of water
sources, in this case primarily marine. The key considerations for water at Yumbah
Nyamat are stormwater management, wastewater management, and discharge of
wastewater to surface water bodies.
Wastewater treatment is achieved solely through a settlement procedure, whereby the
water is passed through settlement channels, and the sediment periodically removed
and disposed of. Sand that enters the farm as suspended solids through the inlet pipes
also collects at the bottom of the abalone tanks and requires daily flushing to remove
the solids. The Solids Settling Channels will be based on the traditional grit removal
channel system that provides a long channel to establish plug flow to minimise shortcircuiting. The Channels will be operated at a low constant velocity to enable solids to
settle out. The objectives of the Solids Settling Channel system for each grow out
module will be to achieve 90% removal of sand down to 150 µm and ~100% of uneaten
pellets, at the peak daily design flow of 1.55 m3/s. We understand options for the
disposal of the solid wastes are being considered by the site engineers.
It is understood that Yumbah Nyamat intend on achieving superior wastewater
treatment processes, that exceed standard abalone farming best practice. Waste
streams generated from the Abalone Farm are as follows:

G0643_RPT003_Yumbah_HA_21Dec18V3.docx
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•

Marine water will constitute the greatest proportion of discharge water, or
wastewater, generated;

▪

Faecal matter produced has a similar density to seawater and readily
solubalises in seawater. Wastewater ammonia concentrations at Yumbah
Narrawong demonstrated an average of 0.07 mg/L ammonia, based on 67%
solubalisation of faeces. This value is consistent with ammonia concentrations
recorded at other large-scale abalone farms. The remaining 33% is suspected to
be discharged as a suspended solid and either solubalise in the pipework, or the
marine environment;

▪

The largest volume of waste to be generated by Yumbah Nyamat will be sludge
from the water treatment process. Yumbah will regularly remove uneaten feed
and sand that settles out in the Solids Settling Chamber. This material will be dewatered in a designated treatment area within the site boundary (being
considered by Yumbah), within geotextile bags and/or disposed of off-site.

It is noted in the Yumbah Nyamat Works Approval Application (2018) that the existing
Yumbah Narrawong abalone farm, consistently demonstrates average concentrations
of dissolved oxygen, suspended solids, ammonia and phosphorus in wastewater below
maximum permissible concentrations allowed in the EPA licence. The report has
summarised estimated return flows, concentrations and loads for the average flow and
feed case, based on the solid removal efficiency achieved in their existing Yumbah
Narrawong wastewater treatment facilities. The tabulated results demonstrate EPA
licence compliance for suspended solids, total N and ammonia concentrations. It is
stated that “The volume of discharge water from Yumbah Nyamat will be
approximately 518ML/day compared to 90ML/day from Yumbah Narrawong. This
increase is due to the increased number of tanks and quantity of abalone that will be
farmed at the new site. As the volume of water will increase in proportion to the wastes
produced, the quality of the wastewater will not increase beyond the current licence
discharge limits at Yumbah Narrawong. That is because the dilution factor of
wastewater remains roughly the same and inputs per litre of water exchanged through
the farm are equivalent.”

4.2

Potential Impacts to Groundwater

4.2.1 Construction
Construction works will include civil construction and structural engineering typical of a
large-scale facility such as that proposed, with concrete tanks, pipes, outfalls, channels,
buildings, concrete / asphalt hardstand areas, drains, roads, ponds and silos.
Based on the information provide by Foresight Engineering Services, we understand
that excavations will be required to facilitate the construction of below-ground
components of the proposed infrastructure, such as ponds, foundations, tanks,
pipework and underground services. Dewatering will be required to enable the shallow
excavation works and construction to proceed wherever the work needs to extend
below the water table.
A summary of the depths of proposed infrastructure is presented in Table 4.1 below, as
per details provide by Foresight Engineering Services.
The following proposed above ground facilities are unlikely to represent a risk to
groundwater, and therefore have not been discussed further as part of the impact
assessment:
▪

Administration, Staff Facilities and Car Parking;
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▪

Ancillary Solar Systems (RL approximately 3.1 mAHD);

▪

Storage Facility and Live Abalone Harvest Depot (RL approximately 3.0 mAHD);

▪

Nursery (RL approximately 3.3 mAHD); and

▪

Grow-out tanks (RL approximately 3.0 m AHD) – which equate to the majority of
the proposed site infrastructure.

Cross sections detailed on drawing titled Nyamat Dutton Way, Civil Design – Operations
Area, Bulk Earthworks and Roads, Site Sections (YUM-006-03-10_R, Rev A1) (Foresight
Engineering, 2018c) showed that the excavations will typically extend to depths of 3.4
to 2.8 mAHD and therefore will be in close proximity to the shallow water table, with the
maximum groundwater elevation identified at the site 2.5 m AHD (based on water level
monitoring data supplied by Foresight Engineering). The exceptions to this are local
features proposed including the:
▪

Pump station (RL of 0.0 m AHD, underside of slab);

▪

A discharge pit (RL of - 1.2 mAHD);

▪

Internal Lateral Drains;

▪

Collection Channel;

▪

Settlement and Separation Channel (SSC);

▪

4 x Retention Reservoirs 1.25 ML capacity; and

▪

Stormwater Retention pond x 2.0ML Capacity.

Based on the water table elevations, determined to range between 1.7 and 2.5 m AHD,
it is inferred that groundwater ingress into excavations will occur and dewatering likely
to be required to facilitate construction.
Table 4.1 Site Infrastructure Summary
Proposed
Infrastructure

Above or Below
Ground Feature

Type of
Foundation/Lining

Main Workshop,
Storage Facility and
Live Abalone Harvest
Depot

Aboveground

Concrete lined

150 mm

Not relevant –
aboveground
facilities

Grow-out tanks

Aboveground

Concrete lined

75 mm

3.412 mAHD
(underside of
concrete slab)

Seawater In-Flow
Pipelines

Buried below ground

HDPE pipework

Wall thickness
of 47.7 mm2

TBA

Seawater Out-Flow
Pipelines

Buried below ground

HDPE pipework

Not
applicable

TBA

Pump Station
generators, and
workshop

Partially below
ground

Concrete lined

300 mm

0.00 m AHD
(underside of
concrete slab)

Discharge pit

Below ground

Concrete lined

150 mm

-1.20 mAHD
(underside of
concrete slab)

Fully welded
along entire
length1

Thickness of
Foundation /
Lining

Depth (mAHD)

We understand
that this is the
deepest feature
on site.
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Proposed
Infrastructure

Above or Below
Ground Feature

Type of
Foundation/Lining

Thickness of
Foundation /
Lining

Internal Lateral Drains

Partially below
ground

Concrete lined

100 mm

1.7 m AHD
(underside of
concrete slab)

Collection Channel

Partially below
ground

Concrete lined

150 mm

0.85 m AHD
(underside of
concrete slab)

Settlement and
Separation Channel
(SSC)

Partially below
ground

Concrete lined

150 mm

0.85 mAHD
(underside of
concrete slab)

4 x Retention
Reservoirs 1.25 ML

Below ground

HDPE Lined

TBA

0 mAHD invert

Stormwater
Retention pond x
2.0ML Capacity

Below ground

Lined

TBA

0 mAHD invert

Abalone Nursery

Aboveground

Not Applicable

Not
Applicable

Not relevant –
aboveground
facilities

Diesel Fuel Storage

Aboveground

Concrete pad

150 mm

Not relevant –
aboveground
facilities

Material TBA

Bunded

Notes:
TBA
NA
1

2

Depth (mAHD)

To be advised (not yet determined by design engineers)
Not Applicable
Project design engineers (Foresight Engineering) have indicated that the HDPE butt welds are
considered to be 100% strength of the parent material and therefore leakages at the welds are
unlikely. One flange connection is proposed close to the rockwall with anchors at either side of the
flanges. A leak from the flange is considered to be low.
Wall thickness for a HDPE Pipe DN1000 PE100 PN8. Specifications for HDPE pipework to be confirmed
during the detailed design phase of the project (Foresight Engineering 2018e).

During construction is it expected that potential impacts to the underlying shallow
water table aquifer and the deeper underlying Limestone aquifer (in connection with
the water table aquifer), and consequently the risk to protected beneficial uses of
groundwater will be minimal. Any potential or conceived risk can be managed and
mitigated through the implementation of a Construction Environmental Management
Plan (CEMP). It is anticipated that the CEMP will be a condition of the Works Approval
and that it will need to be approved by EPA prior to commencing construction work.
The CEMP will be required to outline groundwater management measures during
construction which are consistent with best practice guidelines including:
▪

Environmental Guidelines for Major Construction Sites (EPA Publication 480);

▪

Construction Techniques for Sediment Pollution Control (EPA Publication 275);

▪

Hydrogeological Assessments (Groundwater Quality) Guidelines (EPA
Publication 668); and

▪

Groundwater Sampling Guidelines (EPA Publication 669).

In general, the proposed structures in the south of the site (pump station, discharge pits,
collection and settling channels, drains, stormwater retention pond and retention
ponds) are likely to intercept groundwater during and potentially post-construction, as
determined based on RLs presented in Table 4.1 above. We have been advised by
Sustainable Project Management that the construction will be staged and therefore
G0643_RPT003_Yumbah_HA_21Dec18V3.docx

26

Desktop Hydrogeological Assessment: Lots 1 and 8, 315 Dutton Way, Bolwarra Vic

minimise the potential for widespread changes to the groundwater flow regime both
on-site and down hydraulic gradient of the site.
It is noted that geotechnical engineers are currently in the process of characterising
and quantifying the anticipated groundwater inflows in to excavations during
construction.
Dewatering methods will include allowing groundwater to enter excavations before
being pumped out. In other instances it will be necessary to dewater by extracting from
groundwater extraction wells.
The CEMP will include methods for pumping, treatment and disposal of water
recovered from dewatering. It is anticipated that the groundwater inflows will be
minimal and manageable. Once the magnitude of the groundwater inflows are known,
likely changes to groundwater flows can be anticipated during construction and the
dewatering methods can be confirmed.
All dewatering activities will be compliant with the relevant SEPPs and groundwater
extraction licenses will be obtained from SRW if and as required under the Water Act
1989 and its subordinate legislation.
It is noted that the bores installed for extractive purposes such as domestic and stock
uses in the residential area situated between the site and the foreshore area have
been found to range in depth from 12 to 57.9 m bgl (one bore screened from 3 m bgl;
all others generally screened from >12 m bgl), and potentially intercept the underlying
quaternary sediments and limestone (inferred Tertiary Whalers Bluff Formation), as noted
in Section 2.7.1 above. The saturated thickness of the quaternary sediments/dune
deposits is expected to be <10 m (based on logs from off-site bores) and the saturated
thickness of the underlying upper tertiary aquifer intercepted is expected to be >50 m.
The depth of the proposed buried seawater pipeline infrastructure is anticipated to be
shallow (depth to be confined) however will likely intercept the shallow water table
aquifer within the quaternary sediments and dune deposits. The potential for impact
existing and future groundwater users down-hydraulic gradient of the site is discussed in
Table 4.1 further below.
4.2.2 Post Construction
No long-term extraction of groundwater or wide spanning structures below the water
table are proposed as part of the development, therefore is it expected that the
impact of the proposed development will have limited influence over groundwater
flows and availability post-construction and during the operation of the abalone farm.
In addition to the above, any changes to the groundwater quality can be monitored
through the implementation of an ongoing monitoring program, as discussed in Table
4.1 below and Section 4.4 below.
A discussion on the potential for impact on groundwater quality has been presented in
Section 4.3.

4.3

Pollutant Linkages

Consideration of the proposed inputs (sea water) and outputs (farm discharge waters)
associated with the proposed site operations has been made in the context of the
hydrogeological setting and protected beneficial uses of groundwater. A summary of
the potential sources of groundwater contamination associated with site operations,
potential contaminants of concern, release mechanisms, transport pathways and
receptors is presented in Table 4.1 below.
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Table 4.1 Source Pathway Receptor Relationships – Operational Phase
Potential Source

Contaminants of
Potential Concern

Potential Release
Mechanism

Potential Transport Pathway

Potential Receptor

Comment

Proposed site infrastructure
partially or completed below
ground level and utilised for
transport of seawater and farm
discharge water:

Total Dissolved
Solids

Leakage of saline
discharge water from
farm.

Infiltration through the
subsurface unsaturated zone (if
present) and into the
underlying shallow aquifer and
migration off-site by advection
and dispersion.

Shallow water table aquifer on
and off-site.

On-site

Suspended solids
Nutrients
(ammonia and
phosphorus)

Abstraction and use of
groundwater off-site. Beneficial
uses of groundwater to
protected (Segment A2) off-site
include:

•

Seawater In-Flow Pipelines

•

Seawater Out-Flow
Pipelines

•

Internal Lateral Drains

•

potable water supply;

•

Settlement and Separation
Channel (SSC)

•

potable mineral water
supply;

•

Collection Channel

•

stock watering;

•

Pump Stations

•

irrigation;

•

primary contact
recreation;

•

industrial and commercial
uses;

•

traditional owner cultural
values;

•

cultural and spiritual
values; and

•

geothermal properties

Footings and piles potentially in
contact with shallow water
table aquifer both on and offsite - Beneficial use of
groundwater to be protected Buildings and structures.

Majority of the structures are concrete lined (varying thicknesses of between 75 and 300 mm), with the exception of the in
and out flow pipes which are to be constructed of HDPE. We have been advised by the project Civil Engineers (Foresight
Engineering) that these concrete structures will be designed for water tightness, with the potential for leaks from the HDPE
pipework considered low based on the thickness of the proposed pipework, proposed butt welds and flange connection
anchors.
Potential for water losses to the underlying subsurface through hairline cracks are considered to be negligible. The potential
for seepage is considered to be further limited by the structure’s design for water tightness. The water residence times (e.g.
water being pumped into tanks at 2.6 L/s) in the structures are very short due to the water flow requirements for the farming
practices further indicating the potential for losses also considered to be minimal.
No abstraction and use of groundwater is proposed on-site, therefore the potential for the protected beneficial uses of
groundwater to be realised on-site is considered unlikely.
As part of the proposed site development, it is recommended that monitoring wells be established across the site to
establish baseline groundwater conditions within the shallow watertable aquifer prior to the commencement of site
construction. Periodic monitoring of groundwater conditions throughout the construction and operational phases is also
recommended in order to determine changes to the groundwater conditions at the site as a result of site construction and
operational works (if any).
It is further noted that lower tertiary aquifer (Dilwyn Formation) provides urban water supply to the Portland area, with this
aquifer reported to be at depths >300 m below ground level and confined by an aquitard. Accordingly, the potential for
impact from site operations on this deeper lower tertiary aquifer is considered highly unlikely.
Off-site
The mitigations outlined above for the operations on-site, will seek to minimise the potential risks to groundwater both onsite and off-site (down hydraulic gradient of the site).
Further, the monitoring program recommended on-site will have the objective of monitoring of groundwater conditions
throughout the construction and operational phase in order to determine changes to the groundwater conditions at the
site. Any identified changes can then be investigated further with the view to mitigating the potential impacts to
groundwater receptors off-site.
Post-construction and during the operation of the abalone farm it is expected the proposed development will have limited
influence over groundwater flows or availability, given that no wide spanning structures are proposed below the water
table, nor is any long-term extraction of groundwater proposed.

Discharge to natural surface
water body off-site the
Southern Ocean - Beneficial
use of groundwater to be
protected - water dependent
ecosystems and species.
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It is expected that the groundwater would be diluted along the flow path prior reaching the point of discharge (Southern
Ocean). Further, the groundwater is likely to be filtered along its flow path by the underlying aquifer reducing the
suspended solids content. The ocean is the source of the discharge waters therefore the impact of discharge to water
dependent ecosystems in considered to be unlikely.
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Potential Source

Contaminants of
Potential Concern

Potential Release
Mechanism

Potential Transport Pathway

Potential Receptor

Comment

Proposed site infrastructure
partially or completed below
ground level and utilised for
transport of seawater, farm
discharge and treated farm
discharge water:

Total Dissolved
Solids

Ruptured pipe

Infiltration through the
subsurface unsaturated zone (if
present) and into the
underlying shallow aquifer and
migration off-site by advection
and dispersion.

Shallow water table aquifer on
and off-site.

On-site

Suspended solids
Nutrients
(ammonia and
phosphorus)

Over topping of saline
water /farm discharge
water in site
infrastructure and
release to unsealed
ground surface.

Abstraction and use of
groundwater off-site. Beneficial
uses of groundwater to
protected (Segment A2) off-site
include:

•

Seawater In-Flow Pipelines

•

Seawater Out-Flow
Pipelines

•

potable water supply;

•

Internal Lateral Drains

•

•

Settlement and Separation
Channel (SSC)

potable mineral water
supply;

•

stock watering;

•

Collection Channel

•

Pump Stations

•

irrigation;

•

primary contact
recreation;

•

industrial and commercial
uses;

•

traditional owner cultural
values;

•

cultural and spiritual
values; and

•

geothermal properties

Footings and piles potentially in
contact with shallow water
table aquifer both on and offsite - Beneficial use of
groundwater to be protected Buildings and structures.
Site infrastructure (4 x Retention
Reservoirs each 1.25 ML
capacity) partially or completed
below ground level and utilised
for storage of treated farm
discharge water (seawater).

Total Dissolved
Solids
Suspended solids
Nutrients
(ammonia and
phosphorus)

Leakage of saline
discharge water / waste
water

Infiltration through the
subsurface unsaturated zone (if
present) and into the
underlying shallow aquifer and
migration off-site by advection
and dispersion.

Shallow water table aquifer on
and off-site.
Abstraction and use of
groundwater off-site. Beneficial
uses of groundwater to
protected (Segment A2) off-site
include:
•

potable water supply;

•

potable mineral water
supply;

•

stock watering;

•

irrigation;
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Under this scenario, there is potential for an initial loss to be potentially large, however the duration of loss is not likely to be
sustained. Further the occurrence of such events is unlikely to be frequent.
Given the short, unsustained nature of the release, and the potential for the dilution within the aquifer, the potential longterm impacts to the underlying aquifer are considered to be minimal.
No abstraction and use of groundwater is proposed on-site, therefore the potential for the protected beneficial uses of
groundwater to be realised on-site is considered unlikely.
It is further noted that lower tertiary aquifer (Dilwyn Formation) provides urban water supply to the Portland area, with this
aquifer reported to be at depths >300 m below ground level and confined by an aquitard. Accordingly, the potential for
impact from site operations on this deeper lower tertiary aquifer is considered highly unlikely.
Off-site
The mitigations outlined above for the operations on-site, will seek to minimise the potential risks to groundwater both onsite and off-site (down hydraulic gradient of the site).
Further, the monitoring program recommended on-site will have the objective of monitoring of groundwater conditions
throughout the construction and operational phase in order to determine changes to the groundwater conditions at the
site. Any identified changes can then be investigated further with the view to mitigating the potential impacts to
groundwater receptors off-site.
Post-construction and during the operation of the abalone farm it is expected the proposed development will have limited
influence over groundwater flows or availability, given that no wide spanning structures are proposed below the water
table, nor is any long-term extraction of groundwater proposed.

On-site
The waters stored in these retention ponds are retained on-site for site operational purposes and have been treated to a
point where they will be considered suitable for discharge (under EPA licence) to the Southern Ocean.
We understand that the retention reservoirs are proposed to be lined with HDPE liner (thickness to be determined) to limit
losses through seepage into the underlying subsurface.
No abstraction and use of groundwater is proposed on-site, therefore the potential for the protected beneficial uses of
groundwater to be realised on-site is considered unlikely.
It is further noted that lower tertiary aquifer (Dilwyn Formation) provides urban water supply to the Portland area, with this
aquifer reported to be at depths >300 m below ground level and confined by an aquitard. Accordingly, the potential for
impact from site operations on this deeper lower tertiary aquifer is considered highly unlikely.
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Potential Source

Contaminants of
Potential Concern

Potential Release
Mechanism

Potential Transport Pathway

Potential Receptor
•

primary contact
recreation;

•

industrial and commercial
uses;

•

traditional owner cultural
values;

•

cultural and spiritual
values; and

•

geothermal properties

Footings and piles potentially in
contact with shallow water
table aquifer both on and offsite - Beneficial use of
groundwater to be protected Buildings and structures.

Workshop – Storage and use of
minor quantities of chemicals

Petroleum
hydrocarbons

Spills and leaks of minor
quantities of chemicals
on to the ground
surface

Infiltration through the
subsurface (unsaturated zone)
and into the underlying aquifer
and migration off-site by
advection and dispersion.

Comment
Off-site
The mitigations outlined above for the operations on-site, will seek to minimise the potential risks to groundwater both onsite and off-site (down hydraulic gradient of the site).
Further, the monitoring program recommended on-site will have the objective of monitoring of groundwater conditions
throughout the construction and operational phase in order to determine changes to the groundwater conditions at the
site. Any identified changes can then be investigated further with the view to mitigating the potential impacts to
groundwater receptors off-site.
Post-construction and during the operation of the abalone farm it is expected the proposed development will have limited
influence over groundwater flows or availability, given that no wide spanning structures are proposed below the water
table, nor is any long-term extraction of groundwater proposed.

Discharge to nearest natural
surface water body the
Southern Ocean - Beneficial
use of groundwater to be
protected - water dependent
ecosystems and species.

The waters stored in these retention ponds are retained on-site for site operational purposes and have been treated to a
point where they will be considered suitable for discharge (under EPA licence) to the Southern Ocean.

Shallow water table aquifer on
and off-site.

On-site

Abstraction and use of
groundwater off-site. Beneficial
uses of groundwater to
protected (Segment A2) off-site
include:

It is expected that the groundwater would be diluted along the flow path prior reaching the point of discharge (Southern
Ocean). The ocean is the source of the discharge waters therefore the impact of discharge to water dependent
ecosystems in considered to be minimal.

Minor quantities of chemicals are expected to be utilised as part of general site maintenance works in the proposed
workshop area on-site. This area is expected to be sealed by a concrete foundation (150 mm thick), therefore the potential
for widespread impacts to groundwater from this potential source are considered to be minimal.
No abstraction and use of groundwater is proposed on-site and no natural surface water bodies are known to be present
on-site which could be interacting with groundwater, therefore the potential for the protected beneficial uses of
groundwater to be realised on-site is considered unlikely.

•

water dependent
ecosystems and species;

•

potable water supply;

•

potable mineral water
supply;

•

stock watering;

Off-site

•

irrigation;

•

primary contact
recreation;

The mitigations outlined above for the operations on-site, will seek to minimise the potential risks to groundwater both onsite and off-site (down hydraulic gradient of the site).

•

industrial and commercial
uses;

•

traditional owner cultural
values;

•

cultural and spiritual
values; and

•

geothermal properties
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It is further noted that lower tertiary aquifer (Dilwyn Formation) provides urban water supply to the Portland area, with this
aquifer reported to be at depths >300 m below ground level and confined by an aquitard. Accordingly, the potential for
impact from site operations on this deeper lower tertiary aquifer is considered highly unlikely.

Further, the monitoring program recommended on-site will have the objective of monitoring of groundwater conditions
throughout the construction and operational phase in order to determine changes to the groundwater conditions at the
site. Any identified changes can then be investigated further with the view to mitigating the potential impacts to
groundwater receptors off-site.
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Potential Source

Contaminants of
Potential Concern

Potential Release
Mechanism

Potential Transport Pathway

Potential Receptor

Comment

Diesel Fuel Storage

Petroleum
hydrocarbons

Spills and leaks of diesel
on to the ground
surface

Infiltration through the
subsurface (unsaturated zone)
and into the underlying aquifer
and migration off-site by
advection and dispersion.

Shallow water table aquifer on
and off-site.

On-site

Abstraction and use of
groundwater off-site. Beneficial
uses of groundwater to
protected (Segment A2) off-site
include:

The diesel storage tank is located aboveground. The storage tank area is expected to be sealed by a concrete foundation
(150 mm thick) and bunded, therefore limiting the potential for subsurface impacts.
No abstraction and use of groundwater is proposed on-site and no natural surface water bodies are known to be present
on-site which could be interacting with groundwater, therefore the potential for the protected beneficial uses of
groundwater to be realised on-site is considered unlikely.

•

water dependent
ecosystems and species;

•

potable water supply;

It is further noted that lower tertiary aquifer (Dilwyn Formation) provides urban water supply to the Portland area, with this
aquifer reported to be at depths >300 m below ground level and confined by an aquitard. Accordingly, the potential for
impact from site operations on this deeper lower tertiary aquifer is considered highly unlikely.

•

potable mineral water
supply;

Off-site

•

stock watering;

•

irrigation;

•

primary contact
recreation;

•

industrial and commercial
uses;

•

traditional owner cultural
values;

•

cultural and spiritual
values; and

•

geothermal properties.

G0643_RPT003_Yumbah_HA_21Dec18V3.docx

The mitigations outlined above for the operations on-site, will seek to minimise the potential risks to groundwater both onsite and off-site (down hydraulic gradient of the site).
Further, the monitoring program recommended on-site will have the objective of monitoring of groundwater conditions
throughout the construction and operational phase in order to determine changes to the groundwater conditions at the
site. Any identified changes can then be investigated further with the view to mitigating the potential impacts to
groundwater receptors off-site.
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4.4

Risk Evaluation – Beneficial Uses

The following Beneficial Uses of Groundwater are to be protected at the site under the
relevant Segment A2:
▪

Water dependent ecosystems and species;

▪

Potable water supply (acceptable);

▪

Potable mineral water supply;

▪

Agriculture and irrigation (irrigation);

▪

Agriculture and irrigation (stock watering);

▪

Industrial and commercial;

▪

Water-based recreation (primary contact recreation);

▪

Traditional Owner cultural values;

▪

Cultural and spiritual values;

▪

Buildings and structures; and

▪

Geothermal properties.

The shallow water table aquifer is not within a known mineral water supply zone,
therefore this beneficial use is not considered to be relevant.
It is recognised that there are existing bores registered for domestic and commercial
uses down hydraulic gradient (inferred) of the site intercepting the limestone aquifer
and are therefore potential receptors. It is noted that lower tertiary aquifer (Dilwyn
Formation) provides urban water supply to the Portland area, with this aquifer reported
to be at depths >300 m below ground level and confined by an aquitard. Accordingly,
the potential for impact from site operations on this deeper lower tertiary aquifer is
considered unlikely.
Based on the source-pathway-receptor linkages identified for the proposed
development the potential for risk to groundwater (and therefore the protected
beneficial uses) is considered to be low, provided the proposed mitigation measures
outlined below are implemented as part of the development:
▪

Preparation and implementation of CEMP during construction outlining
groundwater management measured which are consistent with best practice
guidelines including:
-

Environmental Guidelines for Major Construction Sites (EPA Publication
480);

-

Construction Techniques for Sediment Pollution Control (EPA Publication
275);

-

Hydrogeological Assessments (Groundwater Quality) Guidelines (EPA
Publication 668); and

-

Groundwater Sampling Guidelines (EPA Publication 669).

▪

Construction of majority of the site infrastructure from concrete which is
specified to be water tight;

▪

Program of construction is undertaken in a staged manner and over a short
period of time to limit to the amount of dewatering required and therefore the
potential for wider impacts to the groundwater flows in the upper/shallow
aquifers;
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▪

Program of ongoing monitoring and maintenance activities on site infrastructure
to optimise the efficiency of operations and also to limit the potential for large
system failures; and

▪

Preparation and implementation of a Groundwater Monitoring and
Management Plan (GMMP) including ongoing monitoring as well as establishing
a set of contingencies in the event impacts are identified.
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5

CONCLUSIONS AND RECOMMENDATIONS

5.1

Conclusions

Based on the information reviewed as part of the Desktop Hydrogeological Assessment
of the property located at 315 Dutton Way, Bolwarra, the following conclusions can be
made:
▪

The geological conditions mapped on and in the vicinity of the site include the
Quaternary Newer Volcanics (Qvn), in the northern and topographically higher
parts of the site, followed by Quaternary Swamp Deposits (Qrm) and Dune
Deposits (Qrd) in the lower lying central and southern areas of the site. These
surficial units are expected to be underlain by the deeper Tertiary aged
Portland Limestone;

▪

The mapped surficial geological conditions are generally consistent with the
shallow geological conditions logged as part of the geotechnical investigation
(by Statewide Geotechnical) which identified dark brown/ grey medium to firm
plasticity and medium density silty sands and clays, indicative of the Quaternary
sediments;

▪

Three (3) main aquifers have been identified by SRW (2011), in the region within
the Otways Basin including:
-

Upper aquifers are represented by the Newer Volcanics and locally the
quaternary sediments (including the Qrm and Qrd units identified onsite);

-

Middle aquifer comprising the upper middle aquifer including the Port
Campbell Limestone , followed by the Gellibrand Marl aquitard
separating the upper middle and lower middle aquifers. The lower
middle aquifers including the Clifton Formation, underlain by thick
aquitards including the Narrawaturk Marl; and

-

Lower aquifers are represented by the Dilwyn Formation.

▪

The subsurface was generally described as moist from the surface to 0.5-1.5m
and moist to wet to the base of the bores at 3m during the Geotechnical
Investigation, with the Local water table elevations on-site determined to range
between 1.7 and 2.5 m AHD. The water table is likely to be intercepting the
Quaternary swamp and/or dune deposits;

▪

Aquifer hydraulic testing completed by Statewide Geotechnical (2018),
reported low to moderate aquifer permeabilities ranging between 3.2 x10-1 and
1.5 x 101 m/day and generally consistent with the quoted literature values for
the Quaternary dune deposits (Qrd);

▪

Potential receptors identified in the vicinity of the site include:

▪

-

Existing bores registered for domestic and commercial uses down
hydraulic gradient (inferred) of the site intercepting the Quaternary and
Tertiary geological units of the Upper Aquifer; and

-

Nearest natural surface water body, the Southern Ocean (Portland Bay)
located between 50 and 175 m to the south east of site, where
groundwater is likely to be discharging.

It is further noted that lower tertiary aquifer (Dilwyn Formation) provides urban
water supply to the Portland area, with this aquifer reported to be at depths
>300 m below ground level and confined by an aquitard. Accordingly, the
potential for impact from site operations on this deeper water supply aquifer is
considered highly unlikely;
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▪

In general, the proposed structures in the south of the site (pump station,
discharge pits, collection and settling channels, drains, stormwater retention
pond and retention ponds) are likely to intercept groundwater during and
potentially post-construction;

▪

The upper quaternary aquifer which will be intercepted across the site during
localised excavation works during construction is part of the larger Otway Basin
and is non-continuous laterally across the local Bolwarra area;

▪

Dewatering is likely to be required in these areas with site geotechnical
engineers currently characterising and quantifying the anticipated groundwater
inflows in to excavations during construction. Dewatering methods will include
allowing groundwater to enter excavations before being pumped out. In other
instances it will be necessary to dewater by extracting from groundwater
extraction wells;

▪

Once the magnitude of the groundwater inflows are known, likely changes to
groundwater flows can be anticipated during construction and the dewatering
methods can be confirmed;

▪

The activities on site during construction will require isolated dewatering events
that will be managed to minimise volumes of groundwater extracted. This is
unlikely to result in significant draw down or seawater intrusion as this is only likely
in situations where dewatering of large volumes occurs for extended periods;

▪

No abstraction and use of groundwater (for any extractive beneficial uses
including potable water supply, irrigation and stock watering) is planned on-site
under the proposed future use, therefore the protected beneficial uses of
groundwater are unlikely to be realised on-site. Further, given that no
abstraction is proposed on-site (other than the short-term dewatering during
construction) this is unlikely to affect the long-term supply of groundwater in the
shallow aquifer down-gradient of the site;

▪

The seawater pipelines which will be buried below ground level will be present
at shallow depths similar to typical depths of underground utilities and are
therefore unlikely to influence the groundwater flows or availability off-site;

▪

During construction is it expected that potential impacts to the underlying
shallow water table aquifer, and consequently the risk to protected beneficial
uses of groundwater (on and off-site), can be managed and mitigated through
the implementation of a CEMP;

▪

It is anticipated that the CEMP will be a condition of the Works Approval and
that it will need to be approved by EPA prior to commencing construction work.
The CEMP will need to include methods for pumping, treatment and disposal of
water recovered from dewatering;

▪

Post-construction is it expected that the impact of the proposed development
will have limited influence over groundwater flows during the operation of the
abalone farm, given that no long-term extraction of groundwater or wide
spanning structures below the water table are proposed as part of the
development;

▪

Based on the source-pathway-receptor linkages identified for the proposed
development (see Table 4.1) the potential for risk to groundwater (and therefore
the protected beneficial uses) is considered to be low, provided the proposed
mitigation measures outlined below are implemented as part of the
development:
-

Preparation and implementation of CEMP during construction;
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-

Construction of majority of the site infrastructure from concrete which is
specified to be water tight;

-

Staged construction program and over a condensed period of time to
limit the impacts to shallow/upper aquifer;

-

Program of ongoing monitoring and maintenance activities on site
infrastructure to optimise the efficiency of operations and also to limit the
potential for large system failures;

-

Preparation and implementation of a Groundwater Monitoring and
Management Plan (GMMP).
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5.2

Recommendations

On the basis of the conclusions presented above, the following recommendations are
made:
▪

Preparation and implementation of CEMP during construction outlining
groundwater management measured which are consistent with best practice
guidelines; and

▪

Preparation and implementation of a Groundwater Monitoring and
Management Plan (GMMP). The GMMP is to include the following elements:
-

Establish a monitoring well network, to be confirmed in consultation with
Foresight Engineering and Yumbah, within the shallow water table
aquifer including a total of five (5) new monitoring wells to determine
groundwater levels, flow direction and quality, refer to Figure 5 in
Appendix A. Where possible the existing monitoring well infrastructure
(BH6) will be utilised (provided well construction/depth is appropriate).
Monitoring wells are to target areas where deep infrastructure is
proposed primarily along the southern boundary of the site;

-

Groundwater monitoring including gauging and sampling as per the
following key time periods:
▪

Establish baseline groundwater conditions prior to the
commencement of site construction on at least two occasions,
preferably winter and summer;

▪

Periodic monitoring during the construction phase of works on a
biannual basis;

▪

Periodic monitoring during the operational phase of works on a
biannual basis;

-

Monitoring of field water quality parameters (electrical conductivity,
dissolved oxygen, redox potential, temperature and pH) and collection
of samples for laboratory analysis of key parameters (TDS, major cations
and anions and nutrients) which are the identified potential
contaminants of concern;

-

Establish a set of contingencies to be enacted upon in the event
impacts to groundwater are identified (i.e. if an increasing trend is
identified, checking results, if confirmed, undertake investigation to
determine the source of the issue);

-

Establish a mechanism to cease monitoring during the operational
phase of works, if it can be demonstrated to ongoing risk to
groundwater is minimal.
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6

LIMITATIONS

This report has been prepared only for internal use by Yumbah Aquaculture Pty Ltd. No
other parties should rely on the information in this report without prior written consent
from Yumbah Aquaculture Pty Ltdand Landserv Pty Ltd.
Landserv has performed its services in accordance with a scope of work commissioned
by Yumbah Aquaculture Pty Ltdand in a manner consistent with the level of quality and
skill generally exercised by members of its profession.
It should be noted that geological, environmental and contamination conditions often
vary from those observed at the locations where investigation data has been obtained.
Limited data can result in uncertainty in the interpretation of geological, environmental
and contamination conditions. Interpreting the environmental condition of the soil for
this project has been limited to a desktop review. Geological, environmental and
contamination conditions also often vary with the passing of time after the data is
obtained, as do regulatory requirements, laws and guideline criteria.
Exposure to the sub-surface environment can potentially corrode or degrade
underground services, building foundations and other below-ground man-made
structures, whether contamination is present or not. This investigation does not warrant
the design, installation, protection or longevity of any future infrastructure built on the
subject site.
Despite Landserv’s due professional care, all these uncertainties should be considered
in relying and acting on the information contained in our reports. This is particularly so if
few locations have been sampled, if a report is used after a significant delay in time, if
regulations and guideline criteria are known to have changed, or if a change is
proposed to the land use for the site.
Opinions and recommendations in our reports are based on the information available
to Landserv at the time of undertaking the works, including the information gained
during the project. The information we report relating to the condition of the subject site
for each project is sufficiently accurate for the purposes stated in the report at the time
the document is issued. No warranty of site conditions is intended.

G0643_RPT003_Yumbah_HA_21Dec18V3.docx

38

Desktop Hydrogeological Assessment: Lots 1 and 8, 315 Dutton Way, Bolwarra Vic

7

REFERENCES

AECOM Australia Pty Ltd., Portland Coastal Engineering Study, Geotechnical
Investigation, 7 May 2010.
Australia and New Zealand Environment and Conservation Council (ANZECC, 2000),
Australian and New Zealand Guidelines for Fresh and Marine Water Quality, October
2000.
Bureau of Meteorology (BOM), Portland (Cashmore Airport) (090171) Climate Data,
(http://www.bom.gov.au/climate/data/), Accessed 29 November 2018.
Dahlhaus Environmental Geology Pty Ltd 2002, Glenelg Hopkins Catchment
Management Authority, Groundwater Flow Systems. Report No. GHCMA 02/02.
October 2002.
Department of Conservation and Natural Resources (DCNR) 1995 Victorian
Groundwater Beneficial Use Map Series, South Western Victoria Water Table Aquifers
(compiled 1994, Bartley. J. and Chaplin. H.).
Department of Environment, Land, Water and Planning (DELWP) 2015, Groundwater
Resource Report, Groundwater Catchment: Portland, Accessed 27 November 2018.
Department of Environment, Land, Water and Planning (DELWP) 2018, Land Channel
website (www.land.vic.gov.au), Accessed 27 November 2018.
Department of Sustainability and Environment, General Practice Note, Potentially
Contaminated Land, June 2005.
Environmental Protection Authority Victoria (EPAV) 2006, Hydrogeological Assessment
(groundwater quality) Guidelines, Publication 668, September 2006.
Environmental Protection Authority Victoria (EPAV) 1996. Environmental Guidelines for
Major Construction Sites (EPA Publication 480), February 1996;
Environmental Protection Authority Victoria (EPAV) 1991. Construction Techniques for
Sediment Pollution Control (EPA Publication 275), May 1991;
Federation University Australia, Visualising Victoria’s Groundwater,
http://www.vvg.org.au.
Foresight Engineering 2018a. Water Level Monitoring data for BH6 supplied by
Sustainable Project Management via email on 28 November 2018;
Foresight Engineering 2018b. Nyamat Dutton Way, General Arrangement, Site – Plan
Location, Purpose for Buildings. Drawing No.: YUM-003-02-03, Rev 0. Date 09/10/18
Foresight Engineering 2018c. Nyamat Dutton Way, Civil Design – Operations Area, Bulk
Earthworks and Roads, Site Sections. Drawing No.: YUM-006-03-10_RA3, Rev A1. Date:
26/11/18
Foresight Engineering 2018d. Nyamat Dutton Way, General Process Flow Diagram,
Typical For All Modules, Drawing No.: YUM-003-06-02, Rev B. Date: 15/10/18

G0643_RPT003_Yumbah_HA_21Dec18V3.docx

39

Desktop Hydrogeological Assessment: Lots 1 and 8, 315 Dutton Way, Bolwarra Vic

Foresight Engineering 2018e. Seawater inflow and outflow pipeline specifications via
email on 20 December 2018;Geological Survey of Victoria, Portland 1:250000,
Geological Map.
Geoscience Australia, 2018a. Australian Stratigraphic Units Database, Stratigraphic Unit
Details, Whalers Bluff Formation. Last Updated 20 August 2018. URL:
https://asud.ga.gov.au/search-stratigraphic-units/results/19858. Date accessed: 11
December 2018.
Geoscience Australia, 2018b. Australian Stratigraphic Units Database, Stratigraphic Unit
Details, Gellibrand Marl and equivalents, Clifton Formation. Last updated 20 August
2018.
URL:
https://asud.ga.gov.au/search-stratigraphic-units/results/37673.
Date
accessed: 11 December 2018.
Geoscience Australia, 2018c. Australian Stratigraphic Units Database, Stratigraphic Unit
Details,
Narrawaturk
Marl.
Last
updated
14
September
2018.
URL:
https://asud.ga.gov.au/search-stratigraphic-units/results/13904. Date accessed: 11
December 2018.
Geoscience Australia, 2018c. Australian Stratigraphic Units Database, Stratigraphic Unit
Details,
Dilwyn
Formation.
Last
Updated
22
September
2018.
URL:
https://asud.ga.gov.au/search-stratigraphic-units/results/5489. Date accessed: 11
December 2018.
Leonard, J. (2018, December 10). Email correspondence forwarded via Gorski, J on 10
December 2018.
National Environment Protection Council (NEPC, 1999). National Environment Protection
Measure (Assessment of Site Contamination) (NEP(ASC)M). 1999.
Southern Rural Water (SRW) 2014, Portland Groundwater Catchment Statement,
January 2014.
Southern Rural Water (SRW) 2011, South West Victoria Groundwater Atlas, December
2011.
State Environment Protection Policy (SEPP) Waters, 2018 (Waters SEPP).
Statewide Geotechnical (2018) Geotechnical Site Investigation, Proposed New
Aquaculture Centre, Portland, Victoria. 21 November 2018.
Yumbah Aquaculture Ltd., Yumbah Nyamat Abalone Farm Works Approval Application,
October 2018.

G0643_RPT003_Yumbah_HA_21Dec18V3.docx

40

Desktop Hydrogeological Assessment: Lots 1 and 8, 315 Dutton Way, Bolwarra Vic

Appendix A
Figures
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Appendix B
Groundwater Resources Report (DELWP
2015)

G0643_RPT003_Yumbah_HA_21Dec18V3.docx

Groundwater Resource Report
Groundwater catchment : Portland

VICGRID94 Easting: 2203720 Northing: 2350598

Depth to Water Table: 5 - 10m Water Table Salinity (mg/L): 501-1000
Groundwater Layers
(Aquifers and Aquitards)

Depth
Below
Surface
(m)

Groundwater
Salinity
(mg/L)

0
QA Quaternary Aquifer
sand, gravels, clay, silts

Groundwater
Management
Unit (GMU)

Heywood GMA Top

(GMU)
Depth
Below
Surface
(m)

PCV
(ML/yr)

0

8,500

Heywood GMA Bottom
Portland GMA Top

70
200

7,795

Portland GMA Bottom

3151

Unknown
3
3

UTB Upper Tertiary / Quaternary Basalt
basalt (fractured rock)

Unknown
3

UMTA Upper Mid-Tertiary Aquifer
limestone (fractured rock), sand, gravel, clay, minor
coal

3
501-1000
295
295

UMTD Upper Mid-Tertiary Aquitard
clay, silt, marl (fractured rock) and minor sand

Unknown
598

LMTA Lower Mid-Tertiary Aquifer
sand, gravel, limestone (fractured rock), minor clay,
occasional coal
LMTD Lower Mid-Tertiary Aquitard
clay, silt, siltstone (fractured rock), marl (fractured
rock), minor sand

598
501-1000
625
625
Unknown
694
694

LTA Lower Tertiary Aquifer
sand, gravel, clay and silt, minor coal

501-1000
1819

CPS Cretaceous and Permian Sediments
sandstone, mudstone, siltstone (all fractured rock),
sand and minor coal
BSE Mesozoic and Palaeozoic Bedrock (basement)
sedimentary (fractured rock): Sandstone, siltstone,
mudstone, shale. Igneous (fractured rock): includes
volcanics, granites, granodiorites.

For further information about this report contact:
Department of Environment, Land, Water & Planning
Email: ground.water@delwp.vic.gov.au

1819
Unknown
2951
2951
1001-3500
3151

For further information on groundwater licensing in this area contact:
Southern Rural Water Corporation
Phone: 1300 139 510
Email: srw@srw.com.au
Website: www.srw.com.au
Printed: 27 Nov 2018
Date Updated: 31 May 2014

Disclaimer
This publication may be of assistance to you but the State of Victoria and its employees do
not guarantee that the publication is without flaw of any kind or is wholly appropriate for your
particular purposes and therefore disclaims all liability for any error, loss or other
consequence which may arise from you relying on any information in this publication.

How to read this report
Introduction
Groundwater is part of the water cycle. When rain or snow falls on land, some of it evaporates, some flows to streams and rivers, and some
seeps into the soil. Some of the water in the soil is used by plants but some continues to move down through the soil and rock until all the
pores and cracks are full of water. This is known as the water table and this water is called groundwater.
Groundwater is a finite resource that, like surface water, is allocated under the Water Act (1989). A Bore Construction Licence is required to
drill for groundwater including for domestic and stock purposes. Taking and using groundwater for commercial or irrigation purposes
requires an additional licence.
Purpose of this report
This report has been prepared to provide potential groundwater users with basic information about groundwater beneath their
property. This includes the different geological layers, the depths of the layers and the salinity of groundwater in the layers. Information on
the groundwater management units (GMU) and any associated caps on the volume that can be licensed (the PCV) are also provided.
Definitions and context

Term

Description

Groundwater Catchment

An identified area of the State within which groundwater resources are connected.

Easting / Northing

The VICGRID 94 coordinates of the spot that was selected on the interactive map.

Groundwater Salinity

Indicates the possible concentration of salts within the groundwater. The salt content indicates the possible uses of the water
(see the Beneficial Use Table below). Fertilisers and other contaminants can also enter groundwater and affect its use. It is up to
you to make sure that the groundwater you use is suitable for your purpose.

Aquifer

An aquifer is a layer of soil or rock which stores usable volumes of groundwater. Aquifers are generally limestones, gravels and
sands, as well as some fractured rocks where the cracks in the rock are open and connected (some basalts, sandstones and
limestones). How much water can be pumped from an aquifer depends on how much water is stored in pores and cracks, how
well connected the pores and cracks are, and how thick the layer is. It is more likely that volumes of water for irrigation and
urban water supply will come from gravels, sands, limestones and basalts that are at least 30 metres thick. Low volumes of
water for domestic and stock use are likely from any aquifer greater than 10 metres thick. The advice above is a guide only, as
the amount of water available can be highly variable. Actual pumping volumes can only be determined from drilling, appropriate
construction and testing of a bore.

Aquitard

An aquitard is a layer of rock or soil that does not allow water to move through it easily, limiting its capacity to supply water.
Aquitards are generally silts, clays and fractured rocks (where there are few cracks in the rock or the cracks are poorly
connected).

Groundwater Management A collective term for groundwater management areas (GMAs) and water supply protection areas (WSPAs). GMAs and WSPAs
Unit (GMU)
are defined areas and depths below the surface where rules for groundwater use may apply. WSPAs often have caps on
groundwater use and plans describing how the resource is managed. GMAs usually have caps on groundwater use and may
have local plans and rules. All other areas are managed directly through the Water Act (1989). Always check with your local
Rural Water Corporation to be sure that the information on the GMU is correct for your specific location.
Permissible Consumptive
Volume (PCV)

A cap that is set under the Water Act (1989) declaring the total volume of groundwater that may be taken from the area. Once the
PCV is reached, no additional extraction can be licensed for use within the area unless traded from another groundwater licence
holder.

Depth to Water Table

This is an indication of the depth at which groundwater might first be encountered when drilling a bore. The depth can vary from
year to year, and from place to place and may vary significantly from that indicated in this report.

Beneficial use table

Accessibility
If you would like to receive this publication in an alternate format, please telephone or email the DELWP Customer Service Centre 136 186, email
customer.service@delwp.vic.gov.au, or via the National Relay Service on 133 677 www.relayservice.com.au.
© The State of Victoria Department of Environment, Land, Water & Planning 2015
This publication is copyright. No part may be reproduced by any process except in accordance with the provisions of the Copyright Act 1968.
Disclaimer
This publication may be of assistance to you but the State of Victoria and its employees do
not guarantee that the publication is without flaw of any kind or is wholly appropriate for your
particular purposes and therefore disclaims all liability for any error, loss or other
consequence which may arise from you relying on any information in this publication.
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Appendix C
Bore Search Results
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Bore ID
Onsite:
50720
50733
50677
50449
Offsite:
111506
112044
129527
131598
134676
140027
143645
50458
50494
50495
50496
50516
50517
50530
50537
50549
50558
50559
50565
50566
50569
50572
50583
50589
50594
50595
50596
50615
50617
50629
50632
50633
50637
50638
50642
50645
50650

Easting

Northing

Elevation

Constructed date

Constructed depth

Use 1

Use 2

Use 3

553791.199
553861.199
553981.199
553621

5760626.4
5760636.4
5760656.4
5760877

3.39
3.94
3.46
-

26/01/1990
22/09/1990
25/03/1987
31/12/1967

31
12.4
57.91
9

Domestic
Domestic and Stock
Domestic
-

Stock
Dairy
Stock
-

-

552871.199
553261.199
552971.199
555001.199
554841.199
553581.199
553821.199
552754.199
552969.199
552819.199
552885.199
552981.199
553241.199
552801.199
552621.199
552811.199
552887.199
553341.199
553201.199
555101.199
552819.199
553101.199
552921.199
552860.199
553241.199
554901.199
553154.199
554571.199
553821.199
554371
552771.199
552871.199
554721.199
552771.199
553921.199
554051.199
553843.199

5762176.4
5761636.4
5760176.4
5761856.4
5761196.4
5761656.4
5761526.4
5759386.4
5760699.4
5760006.4
5760519.4
5759876.4
5760136.4
5760436.4
5761036.4
5759684.4
5760395.4
5760136.4
5761576.4
5761436.4
5759888.4
5759896.4
5759936.4
5760192.4
5760356.4
5762096.4
5760693.4
5761476.4
5761876.4
5761077
5762026.4
5760526.4
5761476.4
5761296.4
5762176.4
5760626.4
5761944.4

47.45
39.84
4.54
4.36
3.95
43.63
42.73
29.14
5.71
30.49
2
2.54
30.44
28.88
2.49
32.86
2.83
37.84
4.02
2.68
2.52
2.84
21.07
3.24
4.67
28.85
3.06
39.99
39.66
30.17
3.85
30.32
39.76
2.57
39.5

8/01/1992
13/11/1991
13/12/1996
2/10/1997
30/03/1998
19/05/1999
27/05/2001
1/01/1970
1/01/1970
1/01/1970
1/01/1970
29/12/1971
28/03/1972
7/01/1974
16/10/1974
1/07/1976
23/02/1977
23/02/1977
28/09/1977
5/11/1977
9/02/1978
9/03/1979
1/04/1979
5/08/1978
15/11/1979
7/12/1979
11/12/1979
29/04/1998
24/02/1982
8/10/1981
15/03/1983
15/12/1981
7/09/1982
19/10/1985
28/05/1983
29/02/1984
19/10/1984

45.72
54.86
40.5
29.26
24.38
66.4
71.62
10.5
12.6
9.7
8.3
13.11
13.1
48.77
21.33
6.7
11.3
8.53
48.76
14.6
12.2
18.28
5
15.76
32
12.19
30.48
56
64
13
42
10
14.62
45
41.1
12.49
80

Domestic
Domestic
Domestic
Stock
Domestic
Domestic
Irrigation
Domestic
Domestic
Domestic
Domestic
Domestic
Stock
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Stock

Stock
Stock
Irrigation
Stock
Stock
Stock
Stock
Stock
Stock
Stock
Stock
Domestic and Stock
Stock
Stock
Stock
-

-

Bore ID
50651
50653
50654
50666
50671
50672
50678
50685
50688
50694
50695
50703
50705
50712
50717
50719
50722
50726
50732
50735
50736
50737
50741
50743
WRK032851
WRK038366
WRK041177
WRK041181
WRK041205
WRK041219
WRK046860
WRK061400
WRK061402
WRK959512
WRK973435
WRK987334

Easting
553032.199
552471.199
552763.199
554531.199
552941.199
552941.199
554971.199
552881.199
553061.199
554921.199
552901.199
553671.199
553261.199
552711.199
553711.199
553261.199
552601.199
554721.199
553901.199
553821.199
553381.199
553021.199
553301.199
553021.199
553700
552823.199
552901.199
553901.199
553460
553631.199
554182
552853
553802
554303
552877
553054

Northing
5762222.4
5760676.4
5760202.4
5760750.4
5759796.4
5759796.4
5761526.4
5759736.4
5759756.4
5762066.4
5759996.4
5760366.4
5760096.4
5760786.4
5760376.4
5761636.4
5759836.4
5761086.4
5760496.4
5760476.4
5760256.4
5760326.4
5760176.4
5759896.4
5761350
5760061.4
5761391.4
5762236.4
5761480
5761866.4
5760769
5759747
5760500
5760808
5760967
5759938

Elevation
49.99
30.57
31.02
2.93
2.93
3.6
3.01
4.4
2.99
4.29
2.68
32.44
4.07
39.84
20.07
3.13
3.69
3.04
2.5
7.03
2.47
2.55
38.81
7.51
32.13
39.94
38.92
41.45
3.66
4.74
30.22
2.55

Constructed date
30/07/1984
24/12/1984
6/02/1985
6/12/1985
16/12/1985
17/12/1985
1/12/1986
23/10/1987
12/01/1988
3/03/1988
5/07/1989
3/03/1988
5/07/1988
3/02/1989
25/01/1990
15/04/1998
16/01/1990
22/02/1990
2/10/1990
24/10/1990
9/10/1990
30/10/1990
5/12/1985
11/12/1978
29/06/1981
21/11/1991
17/03/1994
26/08/1976
15/06/2006
16/03/2011
30/03/2011
22/02/2002
30/07/2008

Constructed depth
48.77
45
53
14.63
9.1
14.71
10.62
14.2
18
12
37
12
16.76
48.77
15.24
75.75
30.48
13.71
24.38
18.29
36.58
59.43
25.29
12.19
0
36
54.86
132
0
6.4
24.38
9
4
21.34
100
38.71

Use 1
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Irrigation
Commercial
Domestic
Irrigation
Irrigation
Domestic
Commercial
Observation
Observation
Commercial
Domestic and Stock

Use 2
Stock
Stock
Stock
Stock
Stock
Stock
Stock
Irrigation
Stock
-

Use 3
Irrigation
-
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Appendix D
Tabulated Groundwater Data (Foresight
Engineering 2018)
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Date

Top of Casing Elevation (mAHD)

Depth to Groundwater
(mb TOC)

Groundwater
Elevation (m AHD)

Stick Up (m)

Depth Groundwater
(mb Natural Suface)

19/07/2018
27/07/2018
3/08/2018
7/08/2018
10/08/2018
21/08/2018
25/08/2018
29/08/2018
1/09/2018
4/09/2018
8/09/2018
13/09/2018
3/10/2018
6/10/2018
10/10/2018
12/10/2018
17/10/2018
21/10/2018
26/10/2018
30/10/2018
13/11/2018
17/11/2018
20/11/2018

3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.04

0.5
0.63
0.6
0.55
0.65
0.51
0.63
0.68
0.58
0.58
0.68
0.82
0.82
0.85
0.86
0.94
0.78
0.89
1.045
1.115
1.17
1.18
1.34

2.54
2.41
2.44
2.49
2.39
2.53
2.41
2.36
2.46
2.46
2.36
2.22
2.22
2.19
2.18
2.1
2.26
2.15
1.995
1.925
1.87
1.86
1.7

0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

0.03
0.16
0.13
0.08
0.18
0.04
0.16
0.21
0.11
0.11
0.21
0.35
0.35
0.38
0.39
0.47
0.31
0.42
0.575
0.645
0.7
0.71
0.87
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Appendix E
Engineering Drawings (Foresight
Engineering 2018)
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YUMBAH AQUACULTURE
NYAMAT DUTTONWAY
GENERAL ARRANGEMENT
SITE - PLAN LOCATION
PURPOSE FOR BUILDINGS
DUTTON WAY

YUM-003-02-030
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GENERAL PROCESS FLOW DIAGRAM
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