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Executive Summary
Willunga Basin is one of the focus sites for research activities of the National Centre for Groundwater
Research and Training. These activities include the installation of targeted groundwater and surface
water monitoring equipment.
The monitoring equipment installed to date includes:
 Four Automatic Weather Stations (AWS).
 Soil Moisture Sensors at three AWS sites.
 Re-instatement of six surface water gauging stations on Pedler Creek, with electrical conductivity
sensors and water level indicators.
 Ten shallow piezometers (< 20 m deep) adjacent to Pedler Creek.
 Three multi-nested piezometers around the Aldinga Managed Aquifer Recharge site.
Infrastructure planned to be installed and completed within the next 6 months includes:
 Seven nests of monitoring wells screened in the four main aquifer units along a regional
groundwater flow path (a total of 37 monitoring wells).
 Eight wells completed along an east-west transect in the Port Willunga Formation aquifer to
investigate seawater intrusion.
 Twelve wells across the Willunga Fault to examine groundwater flow across fault zones.
 Eighteen additional shallow monitoring wells adjacent surface water features.
The National Centre for Groundwater Research and Training (NCGRT) is utilizing this infrastructure to
carry out research in areas that have been identified as priorities for the Willunga Basin. To date, a
range of projects have been completed or are underway, in the areas of groundwater salinization
processes, groundwater – surface water interactions, seawater intrusion and groundwater discharge
at the coast, regional groundwater flow and inter-aquifer leakage and social learning systems in
groundwater management.
A desktop investigation into the potential drivers of groundwater salinity in the Willunga Basin was
carried out in response to concerns raised in the 2009/2010 Groundwater Status Report for the
McLaren Vale Prescribed Wells Area. This study found that climate is probably the main driver of
salinity in the Willunga Basin, either through reductions in groundwater recharge or increases in
irrigation demand, and that salinity levels in many wells have stabilized in response to recent
increases in winter rainfall. The wells where salinity continues to increase despite increased rainfall
had screens close to the Blanche Point Formation aquitard, suggesting that these wells may be
drawing more saline water from the aquitard. Further investigations and monitoring have been
suggested to improve the understanding of the controls on groundwater salinity in the Willunga Basin.
Projects on groundwater – surface water interactions include a preliminary regional scale assessment
of the surface-groundwater interaction characteristics of Pedler Creek and its’ tributaries. This work
has used data from existing observation wells and the newly installed shallow piezometers adjacent to
Pedler Creek, in conjunction with surface water loggers to identify whether stream reaches are
gaining or losing and how this changes over time. Expansion of the shallow piezometer network will
allow the understanding of surface water – groundwater interactions in the Basin to be extended and
facilitate further research projects in this area. At the reach-scale, an experiment on the infiltration of
water from a losing section of Pedler Creek has been carried out. The maximum infiltration rate,
measured for an initially dry stream bed, was 0.076 m3h-1m-1. Average infiltration rates for the threestage infiltration experiment were 0.027, 0.018 and 0.020 m3h-1m-1. The experiment showed that the
first hour following a flow event can account for almost 20% of the total infiltration and that transient
infiltration is extremely important. If only steady state infiltration rates are considered, infiltration can
be underestimated by at least 25%.
Preliminary analytical and two-dimensional numerical modelling of seawater intrusion in the Willunga
Basin aquifers has identified that both the Port Willunga Formation and Maslin Sands Aquifers may
have large seawater intrusion extents and are highly vulnerable to seawater intrusion. Further field
investigations and modeling are required to better understand this process in the Willunga Basin.
This includes installation of a transect of wells at multiple depths along a transect perpendicular to the
coast.
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A project on groundwater discharge to the coastal environment has used the radioactive
environmental tracers 222Rn and the isotopes of Ra to identify zones of significant groundwater
discharge to the ocean along the coastline approximately 1 km south of Snapper Point and along
Maslin Beach. An offshore transect of Ra isotope activities has also provided an assessment of
submarine groundwater discharge (SGD) from the coastal fringe of the Willunga Basin, and suggests
that the regional groundwater contribution to SGD is small relative to the contribution of recirculating
seawater. Further work is required to more accurately calculate the recirculated seawater component
before SGD can be quantified using radium as a tracer.
A better understanding of regional flow processes, including groundwater recharge, residence times,
inter-aquifer mixing and flow across the Willunga Fault would greatly improve the outcomes of any
groundwater models constructed to assist water planning in the Willunga Basin. A series of projects
are planned or underway to address the lack of understanding of these regional processes. One of
these projects includes the collection, interpretation and modelling of environmental tracer signatures
from groundwater in the main aquifer units and the pore waters of the Blanche Point Formation
aquitard. This project will provide valuable new knowledge of inter-aquifer exchange processes and
groundwater flow pathways of the regional flow system.
It is anticipated that the results of current and future investigations will form the basis for the
development of an updated regional groundwater flow model of the Willunga Basin that will permit
analysis of the impacts of climate change, and assessment of management options for the water
resources. A project that aims to provide an interface between the research into physical groundwater
processes and management of the water resources of the Willunga Basin is also being carried out.
This project involves working closely with the stakeholders to set up a social learning process through
which stakeholders, managers, and researchers can share their views and knowledge about
groundwater management in the Willunga Basin.
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1

Introduction

1.1

The Willunga Basin

The Willunga Basin is located approximately 25 kilometres south of Adelaide in South Australia
(Figure 1.1) and comprises a thick sequence of Cainozoic sediments that provide critical groundwater
supplies for the established wine and horticulture industries in the McLaren Vale region. The basin
structure is a gently-dipping trough, bounded to the east and south by the steeply-dipping Willunga
Fault and St Vincent’s Gulf to the west. The four main aquifers within the Willunga Basin are the
unconfined Quaternary aquifer (Qa) (comprised of sands, gravels and interbedded clays), the
confined Port Willunga Formation aquifer (PWF) (loosely consolidated sands and indurated
limestone), the confined Maslin Sands aquifer (MS) (very fine to coarse sands) and a fractured
basement rock aquifer (FRA) (Figure 1.2; Figure 1.3). The majority of groundwater salinities are less
than 1500 mg/L in all four of these aquifers and groundwater is generally considered suitable for
irrigation purposes, despite some individual monitoring locations recording significantly higher
salinities (Department for Water, 2011).
Mean annual rainfall in the basin ranges from 641 mm at Willunga (station 23753) to 717 mm at Mt
Bold Reservoir (station 23734), with 65% of this concentrated in the winter and early spring months
(June to September). Historical monitoring data for each of the aquifer units suggests that
groundwater levels respond rapidly to natural climate variability as well as anthropogenic impacts
such as pumping and land use change.
Groundwater extraction within the McLaren Vale Prescribed Wells Area (PWA), which encompasses
the Willunga Basin, is currently managed through a Water Allocation Plan under the South Australian
Natural Resources Management Act, 2004. Metered groundwater extractions in the McLaren Vale
PWA were 3,990 ML for 2009-10. Most of this extraction is from the Port Willunga Formation Aquifer
(65%), with 18% taken from the Maslin Sands and 17% from the Fractured Rock Aquifer.
A number of hydrogeological assessments over the last two decades have provided extensive insight
into the characteristics of the water resource in the Willunga Basin, but have also identified a number
of key data and knowledge gaps. These include issues around groundwater recharge, surface water groundwater interactions, seawater intrusion, determination of acceptable extraction limits, impacts of
future land use change and irrigation with recycled wastewater.
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Figure 1.1. Willunga Basin, South Australia – Location map
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Figure 1.2. Conceptual model of the groundwater system of the Willunga Basin (modified after Martin et al.
(2006)).
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Figure 1.3. Type section of the Port Willunga Formation (one of the main aquifers used for irrigation) outcropping
at Maslins and Port Willunga Beach in the Willunga Embayment.

13

1.2

Research and Monitoring Activities

The Willunga Super Science Site (WSSS) is one of six intensive groundwater infrastructure and
monitoring sites established under a $15 million grant from the Groundwater Education Investment
Fund (EIF). The Groundwater EIF is provided under the $1.1 billion Super Science Initiative (SSI), a
collaborative investment between universities, government research agencies, independent research
institutes and business designed to address critical areas of scientific endeavour.
Detailed groundwater and surface water monitoring equipment is being installed across several sites
in the Willunga Basin through this initiative. The planning of the infrastructure in the Willunga Basin
has been based around providing support for groundwater research in four key areas:

Groundwater flow and inter-aquifer leakage
Nests of groundwater investigation wells are being installed in all four of the main aquifers along
transects of inferred groundwater flow within the Willunga Embayment. The wells will be completed at
different depths within the aquifer systems to allow both horizontal and vertical flow systems to be
examined. The wells will provide the opportunity to examine recharge processes to the unconfined
aquifers along this flow line, leakage between the Port Willunga Formation and Maslin Sands
aquifers, recharge via lateral flow from adjoining fractured rock aquifers (groundwater flow across the
Willunga Fault), discharge of groundwater to the sea and the impacts of seawater intrusion. Automatic
weather stations and soil moisture sensors are also being installed at several key sites in the Willunga
Basin to facilitate the study of diffuse recharge processes and the link between climate and recharge.

Seawater Intrusion
Given the close proximity of many large groundwater-irrigated developments to the coast in the
Willunga Embayment, there is a risk that current extraction may have destabilised the position of the
natural seawater interface (the boundary between fresh groundwater and seawater), moving it inland
and causing contamination of the high quality groundwater at depth. The potential impacts of future
climate change in reducing groundwater recharge and lowering groundwater levels, and in creating
increased demand for supplementary irrigation means there is even greater risk that future extraction
will lead to migration of the sea water interface inland. A study has been carried out to assess the
vulnerability of the Willunga Basin aquifers to seawater intrusion. Planned new infrastructure will
enable the current position of the interface to be mapped for the first time, as well as the monitoring of
its movement in response to future climate and development of the groundwater resource. There is
also the potential to investigate the possible role of managed aquifer recharge (MAR) as a seawater
intrusion barrier.

Groundwater–surface water interactions
There are many ephemeral creeks and several permanent creeks that traverse the surface of the
Willunga Embayment after flowing out of the escarpment to the east of the Willunga Fault. Little is
known about whether these creeks act as sources of groundwater recharge and/or shallow
groundwater discharge features. It is also unclear if the discharge varies significantly between the
seasons and whether the baseflow component of the streamflow is constant throughout the year.
Projects are underway to examine interaction between the creeks and the groundwater in more detail,
and in particular, to determine the contribution from these permanent creeks to the Tertiary aquifers in
the Willunga Embayment.
Seven gauging stations were installed on Pedler Creek in 1999-2000, but six of these were closed in
2004. Through the Super Science project, all of these gauging stations have now been re-instated,
and equipped with electrical conductivity sensors as well as water level indicators. Ten new shallow
piezometers have also been installed adjacent to Pedler Creek in the Quaternary aquifer and each
piezometer is equipped with a pressure transducer and data logger. Additional piezometers are
planned to be installed along other reaches of the creek and along other creeks within the Basin.
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Solute transport and aquifer heterogeneity
A managed aquifer recharge (MAR) scheme has been established at Aldinga, within the Willunga
Basin, and this will provide a good opportunity to study the effects of heterogeneity on solute transport
at a range of spatial scales. The scheme involves recycled water being stored in the Port Willunga
Formation aquifer during winter and early spring when irrigation demand is low and being retrieved for
irrigation during summer and autumn. Three multi-level nested piezometers have been installed in the
vicinity of the MAR site and will provide opportunities for detailed analysis of the spatial variability of
flow and transport in the Port Willunga Formation aquifer.
It is anticipated that the results of current and future investigations will form the basis for the
development of an updated regional groundwater flow model of the Willunga Basin that will permit
analysis of the impact of climate change, and assessment of management options for the water
resources. This will also form part of an integrated model of the hydrological, ecological and economic
systems in the Willunga Basin. The integrated model will be developed and used in the context of a
social learning process to engage stakeholder groups in a dialogue about the future of groundwater
and water allocation policy in the Willunga Basin.
This report is intended to provide stakeholders with an update on the Super Science infrastructure
installation, and research outcomes or progress of key NCGRT research projects within the Willunga
Basin.
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1.3

Infrastructure Update
Eddie Banks

Infrastructure installation for the Willunga Super Science Site commenced in August 2010 with the
installation of data loggers at the gauging stations along Pedler Creek and the remaining
infrastructure is due to be completed by June 2013. Progress on and future plans for the infrastructure
installation are discussed below for the different categories of equipment being installed. Locations of
infrastructure sites are shown on Figure 1.4.

Figure 1.4. Location map of the infrastructure for the Willunga Super Science site.
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Climate Stations and Soil Moisture Monitoring Equipment
Four automatic weather stations (AWS; Figure 1.5) have been installed at different sites across the
catchment: (i) Mount Wilson, (ii) Hardys Scrub, (iii) Aldinga Scrub, and (iv) McMurtrie Road, McLaren
Vale, with the data being telemetered from (i), (ii) and (iii) back to Flinders University. These AWS
monitor rainfall, air temperature, relative humidity, wind speed, wind direction, net solar radiation, and
soil temperature at four different depths (10, 20, 30 and 40cm). The data is collected every five
minutes and uploaded to the database every 15 minutes. This data can be used to estimate
evapotranspiration using the Penman Monteith equation.
Soil moisture sensors (Sentek® capacitance probes) have been installed at depths of up to 5 metres
at each of the AWS sites and also beneath the adjacent native vegetation (Figure 1.6; Figure 1.7).
Soil moisture data is collected every 5 minutes and telemetered back to the database at Flinders
University every 15 minutes.

Figure 1.5. Automatic Weather Station (AWS) at Hardys Scrub.
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Figure 1.6. Installation of a 5 metre soil moisture probe at the Mount Wilson Automatic Weather Station.
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Figure 1.7. Soil moisture probes (Sentek® capacitance probes) have been installed at 3 sites within the Willunga
Embayment.

Surface Water Monitoring
Seven gauging stations were installed on Pedler Creek in 1999-2000, but six of these were closed in
2004. All of these gauging stations have now been re-instated, and equipped with electrical
conductivity sensors as well as water level indicators (Figure 1.8). (This work was partly funded by the
Adelaide and Mount Lofty Ranges NRM Board.) Figure 1.4 shows the locations of the gauging
stations. A river auto-sampler has been installed at one of the gauging stations along Pedler Creek.
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Figure 1.8. Re-equipped surface water flow gauging stations on the Pedler Creek in the Willunga Embayment. A
river auto-sampler has also been installed at one of these gauging stations.

Groundwater Piezometers
Ten new shallow piezometers (less than 20 m deep) have been installed adjacent to Pedler Creek in
the Quaternary aquifer to facilitate the study of surface water – groundwater interactions around the
creek (Figure 1.4; Figure 1.9). Each piezometer is equipped with a water level logger that records
temperature and pressure at 30 minute intervals and downloaded every 2-3 months.
Drilling commenced in July 2012 of seven nests of monitoring wells screened in the four main aquifer
units along a regional transect from the top of the catchment towards the coast(Figure 1.4; Figure
1.10). A total of 37 monitoring wells will be installed as part of this program. Cores through the
Blanche Point Aquitard are being collected for analysis of aquifer properties, soil moisture, ion
chemistry (e.g. chloride), environmental tracers (e.g. stable water isotopes and strontium isotopes)
and dissolved helium concentrations (Figure 1.11).
Three multi-nested piezometers have been installed around the Managed Aquifer Recharge site at
the Aldinga Wastewater Treatment Plant (Figure 1.4; Figure 1.12).
Water level and salinity loggers are installed in every new groundwater monitoring well and the data is
downloaded at regular intervals to the database stored at Flinders University. Data from selected
monitoring wells are telemetered every 30 minutes. Plans are underway to make this data publically
available through the Natural Resources Management Board and SA Government websites.
Future plans for piezometer installation in the Willunga Basin include (Figure 1.4):
 Eight wells completed at several depths in the Port Willunga Formation at three sites along an
east-west groundwater flow transect close to the coast adjacent Aldinga Scrub to investigate the
effects of seawater intrusion.
 Twelve wells completed across the Willunga Fault near the township of Willunga to examine
groundwater flow across fault zones.
 Eighteen shallow groundwater monitoring wells will be completed adjacent surface water features
to expand the existing network in investigating surface water-groundwater interactions.
 Telemetry of selected new groundwater monitoring wells.
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Figure 1.9. Drilling and installation of piezometers into the shallow Quaternary aquifer adjacent to Pedler Creek,
in the Willunga Embayment to investigate interactions between surface water and groundwater.
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Figure 1.10. Phase 2 drilling of nested monitoring wells at site 4, McMurtrie Rd, McLaren Vale.

22

Figure 1.11. Coring of the Blanche Point Formation which is a confining layer between the Port Willunga
Formation and the Maslin Sands aquifers.
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Figure 1.12. Location map of the three multi-nested piezometers (WSS001, WSS002 and WSS003) at the
Aldinga managed aquifer recharge (MAR) site.
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2

Investigation into Groundwater Salinity
Trends in the McLaren Vale Prescribed
Wells Area
Stephanie Villeneuve

2.1

Overview

The McLaren Vale PWA Groundwater Status Report 2009-10 emphasized a trend towards falling
water levels and increasing salinity occurring in each of the main aquifers in the Willunga Basin and
suggested additional work was needed to identify possible causes. A small desktop project was
carried out by the NCGRT to investigate the trends, identify the possible mechanisms causing them
and provide recommendations for any further work that would be required to confirm and properly
characterize these process(es) (Villeneuve and Harrington, 2012).

2.2

Results and Conclusions

A detailed analysis of the salinity (reported as Total Dissolved Solids-TDS) and water level trends in
the Willunga observation and McLaren Vale irrigation well networks found that salinity levels in many
of the wells have stabilized in response to increased winter rainfall in 2009/10. Water levels in some
wells have also shown a rising response to this increase in rainfall. Observation well KTP030, in the
unconfined portion of the Maslin Sands in the northeast of the basin, shows both a stabilization in the
salinity and a rise in water level (Figure 2.1).
In the Willunga observation and McLaren Vale irrigation well networks, 4 and 19 wells respectively,
were identified as continuing to increase in salinity. For three of the four wells with increasing salinity
in the Willunga observation network, water levels show a continued decline with no response to
recent increased rainfall, for example observation well WLG061 (Figure 2.2).
The investigation showed a possible relationship between increasing salinity and the proximity of well
screens to the Blanche Point Formation (aquitard). Using the hydrostratigraphy of the McLaren Vale
region, the depth to the top of the Blanche Point Formation was contoured (Figure 2.3). By examining
the separation between a well screen and the aquitard it is possible to identify wells that might be
drawing water from the aquitard. For example, the bottom of the well screen for WLG061 (Figure 2.2)
is at a depth of 83.5 m (below ground surface) and the 80 m contour line for the top of the Blanche
Point Formation passes just above the well (Figure 2.3). The well screen for this well may be close to
the top of the aquitard. Using this method, it is possible to see that nearly half of the wells in the Port
Willunga Formation with a continuing rise in salinity have screen bottoms near the top of the Blanche
Point Formation (Figure 2.3: WLG061, 6627-11064, 6627-10493, 6627-09113, 6627-09856 and 662709884). Likewise, of the five wells with a continuing increase in salinity in the Maslin Sands, three
have well screen tops that may be close to the bottom of the Blanche Point Formation.
It was therefore suggested that sampling for helium and carbon-14 in wells with increasing salinity
and well screens close to the aquitard be undertaken. This could provide information on possible
aquitard contributions to increasing salinity. In addition, continued regular sampling of Willunga
observation and McLaren Vale irrigation well networks is crucial to monitor changes in salinity and
water level. Understanding the source of salinity and how it varies spatially and temporally may assist
in locating future wells and managing pumping schedules of existing wells to ameliorate water quality
issues.
Climate patterns appear to be the main driving force behind both water level decline and increasing
salinity. If rainfall decreases, so does recharge to the aquifers, water levels fall and salinity increases.
Concurrently, irrigation demand increases and groundwater extractions go up, thereby exacerbating
water level declines. Should the higher winter rainfall of 2009/10 and higher summer rainfall of 2011
be anomalous and the rates return to that of below average rainfall (2011 winter rainfall was indeed
below average for the Willunga Basin) then the trend towards increasing salinity is likely to resume.
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Figure 2.1. Time series TDS and depth to water for well KTP030 in the Maslin Sands, Willunga observation well
network.

Figure 2.2. Time series TDS and depth to water for well WLG061 in the Port Willunga Formation, Willunga
observation well network.
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Figure 2.3. Wells in the Port Willunga Formation with a continuing rise in salinity plotted with depth to the top of
the Blanch Point Formation. The number in purple is the depth of the bottom of the screen for each well, where
known.
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3

Surface Water – Groundwater Interactions

3.1

Spatial Mapping of Surface Water – Groundwater Interactions
at Pedler Creek
Stephanie Villeneuve

Introduction
This work is concerned with identifying reaches of Pedler Creek that may be gaining or losing and
investigating possible temporal changes in status. Previous work by Harrington (2002) at a site on
Pedler Creek northeast of McLaren Vale (star in Figure 3.1) found that particular location to be
gaining most of the time, and losing surface water through streambed infiltration only following major
winter rainfall events. Preliminary work along the same stretch of Pedler Creek using electrical
conductivity (EC) sampling of surface water likewise indicated that this section of the creek was
gaining in late winter 2010.

Methodology
In November and December of 2010 ten shallow monitoring wells were drilled and completed at
seven sites adjacent to Pedler Creek (Figure 3.1). At three of the sites (WSS-SHR, WSS-FR, and
WSS-DGR) a pair of nests was installed, one shallow and one deep, in order to monitor the vertical
component of flow. Additional infrastructure along Pedler Creek includes six gauging stations and 18
surface water loggers (Figure 3.1). The surface water loggers, also referred to as stilling wells, are
installed directly in the creek bed and measure the stream stage at discrete points along the main
branch of Pedler Creek and some of its tributaries.
The existing infrastructure installed on Pedler Creek has been used to identify sections of the creek
that may be gaining or losing. Stream stage information obtained from the gauging stations and
stilling wells was compared to the water levels measured in adjacent shallow monitoring wells. In
order to expand this investigation beyond the seven sites with shallow wells, wells from the Willunga
water level observation network with a completion depth of less than 30 m and located less than 100
m from the creek were considered. The depths of the wells used in this analysis, and the distance
from adjacent stilling wells or gauging stations are given in Table 3.. Water level readings in the
shallow wells, stilling wells and gauging stations are taken every 30 minutes, whilst the water level
readings for wells from the Willunga observation network are taken approximately every three
months.
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Figure 3.1. Location of the Pedler Creek catchment in the northern portion of the McLaren Vale PWA. Also shown are the locations of the stilling wells (SW), gauging stations
(GS), and the Willunga Super Science Site Phase 1 shallow wells.

30

Table 3.1. Depths of the shallow wells and distance to adjacent stilling wells (SW) or gauging stations (GS).
*WSS-BR was dry when drilled.

Well

Depth
(mBGS)

Stilling Well (SW)/ Distance Apart
Gauging Station (GS)
(m)

WSS‐CHR‐1

8.5

GS544

13

WSS‐FR‐1

6.5

SW25

12

WSS‐FR‐2

10

SW25

12

WSS‐IR

16

SW3

13

WSS‐DGR‐1

9.5

SW6

6

WSS‐DGR‐2

16

SW6

6

WSS‐RRR

20

GS540

83

WSS‐SHR‐1

9.5

Not Available

WSS‐SHR‐2

11

Not Available

WSS‐BR*

20

6627‐10254

22.1

6627‐10255

10.8

SW20

5

6627‐10256

4.5

SW20

5

6627‐02374

14.6

SW11

29

6627‐08316

29.4

SW1

61

6627‐11026

2.1

SW18

36

6627‐11027

2.3

SW18

35

6627‐11028

8.7

SW18

48

6627‐10271

22.9

SW5

5

SW20

5

Results and Discussion
Figure 3.2 through Figure 3.11 show the water level elevations for the stilling wells (SW) and gauging
stations (GS) compared to the well(s) closest to each. Reaches of the creek may be either losing
surface water through stream bed infiltration, gaining groundwater through exfiltration, or may be
transient in nature, where the status of the creek can change throughout the year. Unfortunately, no
creek water level data is available for gauging station 543, adjacent to shallow wells WSS-SHR-1 and
-2, nor is there a nearby stilling well.
Several of the locations investigated could be assigned a status of variably gaining/losing. The water
level in the shallow wells in Figure 3.2 through
Figure 3.7 all display strong variation due to seasonality. Higher water levels correspond to the winter
months and lower levels with the summer months. In the shallow wells with frequent water level
measurements (Figure 3.2, Figure 3.3, Figure 3.4, and Figure 3.7) it is possible to see the rapid
response in water level to rainfall events. Although in all but Figure 3.4 the water level in the well is
below that in the creek, the difference during the winter months is quite small (0.5-1.5 m). It is
possible that these locations are gaining during some portion of the winter months. In particular, the
water level in WSS-FR-2 (Figure 3.4) is above that in the creek for several winter/spring months. In
addition, the water level in WSS-FR-2, which is the deeper well of the pair at this site (Table 3.), is
higher than in WSS-FR-1 indicating an upward component to groundwater flow. The amount of rain
that is received in the McLaren Vale PWA also plays a role in the temporal shift between gaining and
losing status for these reaches of the creek.
The water levels in the multilevel piezometer in Figure 3.3 indicate that the creek was losing surface
water throughout all of 2011, even following high rainfall events during the winter. The water level
was always higher in the creek and decreased with increasing piezometer depth (see Table 3. for
depths) indicating downward groundwater flow. Higher than average winter precipitation in 2010,
however, is evidenced by high groundwater levels, particularly in Figure 3.3 and Figure 3.5. Although
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creek water level data is not available for winter 2010 at these locations, it is possible that the creek
was gaining during the late winter/spring months.
Only one location along Pedler Creek has been identified as likely to be a gaining reach almost all
year round. The water level in three shallow wells adjacent to SW18 (Figure 3.8) indicate that the
water level in the two shallowest (6627-11026 and 6627-11027) is above the level in the creek for
much of the year. Visual inspection of this site in March of 2012 did find that it was flowing in late
summer, albeit very little.
Three locations along Pedler Creek have been identified as likely losing reaches. The creek adjacent
to WSS-IR-1 flows infrequently and the water level in the well is about 10 m below that in the creek (
Figure 3.9). Likewise, the water level in well 6627-10271 (
Figure 3.10) and WSS-RRR-1 (
Figure 3.11) are about 6 and 10 m below the creek level. Where the water level in WSS-IR-1 does
not show any response to higher winter rainfall, the water levels in 6627-10263 and WSS-RRR-1 do,
although delayed and damped.
Figure 3.12 illustrates the sections of Pedler Creek that are likely gaining, variable, and losing
reaches. Should the trend towards falling groundwater levels in each of the major aquifers of the
McLaren Vale PWA identified by the Groundwater Status Report (DFW, 2011) continue, then it is
possible that the stretches of Pedler Creek identified as variably gaining/losing might become losing
reaches.

Future Work
Another phase of drilling along Pedler Creek is planned to begin shortly. The proposed well locations
are shown in
Figure 3.12 and will increase the spatial coverage of this network of shallow wells. Where the first
phase of shallow well nests were drilled at two depths (WSS-SHR, WSS-FR, WSS-DGR), wells at the
proposed new locations will, where possible, be pairs drilled to the same depth with one closer to the
creek (~5 m) and the other further away (~20 m). This will allow the identification of horizontal flow
gradients perpendicular to the creek. Additional surface water loggers will also be installed in the
creek bed adjacent to these new wells.
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Figure 3.2. Water level elevation at GS 544 and shallow well WSS-CHR-1.

Figure 3.4. Water level elevation at SW 25 and shallow wells WSS-FR-1 and WSS-FR-2,

Figure 3.3. Water level elevation at SW 20 and Willunga Observation wells 6627-10256,10255, and 10254, a multilevel piezometer located 5 m from SW 20.

Figure 3.5. Water level elevation at SW 11 and Willunga Observation well 6627-02374.
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Figure 3.6. Water level elevation at SW 1 and Willunga Observation well 6627-08316.

Figure 3.8. Water level elevation at SW 18 and Willunga Observation wells 6627-11026, 11027, and -11028.

Figure 3.7. Water level elevation at SW 6 and shallow wells WSS-DGR-1 and WSS-DGR-2.

Figure 3.9. Water level elevation at SW 3 and shallow well WSS-IR-1.
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Figure 3.10. Water level elevation at SW 5 and Willunga Observation well 6627-10271.

Figure 3.11. Water level elevation at Gauging Station 540 and shallow well WSS-RRR-1.
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Figure 3.12. Preliminary identification of reaches as either losing, variably or gaining. Also shown are the proposed locations of new shallow wells.
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3.2

Reach Scale Stream Infiltration Experiment on Pedler Creek
Jordi Batlle-Aguilar

Introduction
The aim of this project was to directly measure the infiltration of water from a stream to groundwater
in an ephemeral tributary of Pedler Creek, near McLaren Vale. Pedler Creek has a total length of 180
km in the Willunga Basin and flows are mainly concentrated between July and October. This provides
a potential source of direct infiltration to the underlying aquifers, a process that is poorly understood
and with an unknown magnitude. Measuring steady state rates of infiltration of water from a stream to
the subsurface is relatively easy, but unfortunately natural processes are far from steady-state, and
surface water levels in streams and rivers, including Pedler Creek, are transient, fluctuating
continuously.
All previous studies on water infiltration and/or groundwater recharge from streams have used indirect
methods to calculate infiltration fluxes, such as measurement of soil water content (Blasch et al.,
2006; Dahan et al., 2008; Sophocleous, 1991; Sorman et al., 1997), soil temperature (Constantz et
al., 2002; Ronan et al., 1998) or water table mounding (Dagès et al., 2008). In this study we provided
direct measurements of water infiltration at the stream reach scale. We evaluated the relative
contribution of transient and steady-state infiltration under natural flow events. We also showed that
transient infiltration rates persist for many days after flow commences, and that cumulative infiltration
beneath ephemeral streams will be underestimated if transient rates are not properly captured.

Site Description and Methodology
The creek selected for this study was an ephemeral tributary to Pedler Creek. At the experimental site
the creek channel is 1 m wide and approximately 0.5 m deep. The water table in the Quaternary
aquifer is located at 7 m below the streambed, so the stream is hydraulically disconnected from the
groundwater at all times (Brunner et al., 2011). The unsaturated soil beneath the reach is composed
of yellowish silt and clay with alternating thin layers of chalky gravel.
During summer 2011, when the creek was dry, a 7-m long section was isolated using two metal
sheets. These sheets, 2 m wide and 1.5 m high, were dug 40 cm into the stream bed and bank, and
sealed with bentonite (Figure 3.13).
The experiment was run for a total period of 5 days, from 21 to 26 March 2011. Water used in the
experiment was stored in a 22 m3 tank and diverted to two smaller tanks (1.2 m3 each), from which
water was pumped into the stream. Use of the smaller tanks permitted more accurate monitoring of
the pumping rate. The pumping rate was measured every 5 minutes using a pressure transducer
logger installed in each of the smaller tanks, and manual measurements for verification. The water
level of the creek was also continuously monitored using a pressure transducer logger and using a
sight gauge. Barometric fluctuations on water level readings were subtracted using barometric data
monitored every 5 minutes with a barometric pressure logger.
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Figure 3.13. The 7-m long creek section isolated using metal sheets (modified from Batlle-Aguilar and Cook, In
Press).

Water was pumped into the creek to maintain constant water level at three different increasing stages
with time: 0.20, 0.31 and 0.38 m depth, for periods of 24, 48 and 48 hours, respectively. During each
stage the water level in the stream was maintained constant by adjusting the pumping rate. During the
period in which the water level is constant, the pumping rate is thus equal to the loss rate from the
stream (infiltration plus evaporation). The change from one stream stage to another was done rapidly
by increasing the pumping rate of water into the stream. Stream stage change was achieved in a
relatively short time, not exceeding 5 minutes. The loss rate with time per unit length of stream (IR, m3
h-1 m-1) was calculated at hourly intervals using changes in water level in the storage tanks, with an
error of ±1.3 ×10-3 m3 h-1 m-1.
During the experiment, a total rainfall of 29 mm was recorded at the Pirramina Winery in McLaren
Vale (Australian Government, Bureau of Meteorology Station num. 023876; 1.8 km from the study
site), while the evaporation, estimated at Adelaide Airport (Australian Government, Bureau of
Meteorology Station num. 023034; 30 km from the study site) was 22.4 mm. These values give a net
input of 0.04 m3 of water to the stream transect, which only represents 0.2% of the total pumped water
into the creek during the experiment (19.5 m3). Rainfall and evaporation were thus not considered in
the calculation of stream water losses.
Following the experiment the metal sheets were removed and water level within the stream monitored
during natural flow events in July and August 2011.

Experimental Results
Water was pumped into the creek to maintain a constant water level at three different increasing
stages with time and was maintained at 0.20, 0.31 and 0.38 m depth, for stages 1, 2 and 3,
respectively (Figure 3.14a). A total of 19.5 m3 was pumped into the stream over 5 days, comprising
5.1, 6.9 and 7.5 m3 in stages 1 (24 hrs), 2 (48 hrs) and 3 (48 hrs) respectively (Figure 3.14b).
Infiltration at each stage displayed an initial high rate that decreased over time, although none of the
three stages clearly reached a steady-state rate (Figure 3.14c). The initial infiltration rate (IR) of stage
1 (0.076 m3 h-1 m-1) is higher than subsequent stages (0.049 and 0.039 m3 h-1 m-1 for stages 2 and 3,
respectively). IR at the end of each stage was considerably lower, 0.013, 0.015 and 0.018 m3 h-1 m-1,
respectively. Average infiltration rates, based on the total duration of each stage, were 0.027, 0.018
and 0.020 m3 h-1 m-1 for stages 1, 2 and 3, respectively.
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Figure 3.14 (a) Stream water level (SWL) measured in the creek during the infiltration experiment; (b) cumulative
pumped water into the isolated stream reach; (c) field measured experimental infiltration rates (IR) (Batlle-Aguilar
and Cook, In Press).

Infiltration rates at the onset of stage rises were high, but the contribution of the first hour strongly
decreased as the stream water level rose, ranging from 19.3 % in stage 1 to 4.4 % in stage 3. The
contribution of the first hour decreases for consecutive rising water levels because infiltration driven
by capillary forces (i.e. sorptivity) decreases as the soil water content increases.

Modelling
The goal of the experiment was to characterize infiltration from ephemeral streams as a function of
stream stage. As infiltration is measured directly, no effort was made to characterize the soil
heterogeneity at the experimental site. The aim of the modelling was to allow extrapolation of
infiltration rates to stream stages other than those reproduced in the field experiment. Model
calibration, achieved by matching experimental infiltration rates, allowed us to determine bulk soil
hydraulic parameters. The model fit could probably be improved by measuring soil heterogeneity
beneath the streambed and including it in the model but this was not within the scope of the study.
The same bulk parameters were then used to predict infiltration rates from real flow events.
A two-dimensional, three-layer model orthogonal to stream flow direction was developed using
HYDRUS 2D (Šimunek et al., 1998), which numerically solves the Richard’s equation for soil water
flow. The modelled stream dimensions and topography reproduce the experimental site. The soil
zone, which extends from the surface to 0.5 m depth, is homogeneous but anisotropic, with the
horizontal hydraulic conductivity component higher than the vertical component. Below the soil zone,
the unsaturated zone is modelled as homogeneous and isotropic. The third layer is a clogging layer,
immediately underlying the streambed. It is modelled as homogeneous and isotropic, with a thickness
of 5 cm thickness, thinning towards the edges of the streambed.
Initial conditions throughout the model were based on a flat water table at 7 m below the streambed
and fixed pressure conditions within the unsaturated zone, with linear interpolation from the water
table (pressure equal to 0) to the ground surface (-100 m). The pressure of -100 m at the land surface
is consistent with an initially dry streambed after summer months. The model was first run under
steady-state conditions, with a dry streambed, using initial estimates of soil hydraulic parameters
generated using the texture-based parameter values provided by HYDRUS (Carsel and Parrish,
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1988). Results of the steady-state simulation were subsequently used as the initial conditions for
transient model calibration, where experimental water levels measured in the creek were varied over
time to reproduce water levels monitored during the experiment or under natural flow conditions.

Comparing Modelling and Field Results
The model reproduced all of the field measured infiltration rates, as well as the peak at each stage
rise and transient dynamics (Figure 3.15). Optimized saturated hydraulic conductivities fall in the
expected range for silt-clay-loam sediments, and calibrated porosity values are in good agreement
with soil moisture data monitored in the field, ranging between 0.37 and 0.45. Anisotropy within the
top layer (low vertical hydraulic conductivity) was necessary to prevent capillary rise during the first
stage of the experiment, and hence it allows us to simulate the magnitude of the transient response to
subsequent stage rises. Despite the fact that soil heterogeneity was not considered in the model, and
the real shape of the clogging layer was unknown, the model works well as a generic model to study
the infiltration processes of similar streams.

Figure 3.15. Experimental versus modeled infiltration rates. Dashed horizontal lines correspond to the modeled
steady state infiltration rate of each stream stage (Batlle-Aguilar and Cook, In Press).

During 5 days of continuous infiltration, none of the stream stages achieved steady-state infiltration
rates. Using the calibrated model, steady-state simulations produced steady-state infiltration rates
associated with each stream stage of 0.010, 0.013 and 0.015 m3 h-1 m-1 for stages 1, 2 and 3,
respectively, approximately one order of magnitude lower than the initial transient rates measured
during the experiment.

Modelling a Natural Flow Event
To evaluate system response and to gain insight into stream infiltration rates under natural flowing
conditions, the calibrated model was used to estimate infiltration rates during the 1st flow event in
winter 2011, between 9 and 15 July. River flow commenced on 9th July 8:30 am, and the river stage
increased rapidly to 0.2 m after only 1 hour. A maximum stage of 0.32 m was reached after 17 hours,
after which the stream level gradually fell. The stream was dry 153 hours after flow commenced
(Figure 3.16a). Simulation of infiltration during this flow event produces a maximum infiltration rate of
0.023 m3 h-1 m-1 after 1.8 hours, decreasing to 0.015 m3 h-1 m-1 half an hour later. It is noteworthy that
the maximum infiltration rate is achieved while the stream level is still rising. A second peak in
infiltration rate occurs as the stream level rises to 0.32 m, after which it steadily decreases (Figure
3.16b). The modeled total infiltration for this event was equal to 1.31 m3 m-1.
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According to a computed relationship between steady-state infiltration and stream water level,
infiltration rates (over the 7-m stream experimental reach length) corresponding to the natural flow
event were calculated and compared to natural infiltration rates of the same event (Figure 3.16b). An
infiltration of 0.88 m3 m-1 would be estimated using the steady-state rates associated with each stream
water level (shaded area below the dashed line in Figure 8b), whereas including transient infiltration
gives a total infiltration of 1.31 m3 m-1. Neglecting transient infiltration would therefore result in
underestimation of true infiltration by 33 %.

Figure 3.16. Modelled infiltration rates (in a 7-m length transect) of the natural flow event (transient plus steady3
state rates; solid line) and only considering steady-state rates (dashed line). IR must be divided by 7 to obtain m
-1
-1
h m units. Inset shows the stream water level during the flow event (Batlle-Aguilar and Cook, In Press).

Discussion
Previous work (e.g. Blasch et al., 2006; Freyberg, 1983) identified relatively short transient periods of
less than an hour to several hours duration. Our experimental results show that steady-state
infiltration was not achieved within 2 days, and modelled infiltration rates from a natural flow event
show that more than 3 days were needed to achieve a relatively steady-state infiltration period.
Indirect techniques (e.g. water content, soil temperature and head gradient) to estimate infiltration
rates when stream water levels rises are less sensitive to changes in infiltration and thus less capable
of tracing transient responses.
The highest infiltration rate measured during the experiment (0.076 m3 h-1 m-1) corresponds to the
beginning of the first stream stage, when sediments beneath the streambed were dry. At this time,
water infiltration is mainly driven by a combination of gravity and high matric potential gradient
(capillary and adsorptive forces) within the unsaturated sediments (Blasch et al., 2006). The high
volume of water (5.1 m3) infiltrated during this stage in only 24 h is evidence of the importance of
sorptive processes at the beginning of an infiltration event. The volume of water infiltrated during
stage 3 (6.72 m3) is slightly higher (8%) than the volume infiltrated during stage 2 (6.21 m3), both in 48
h, which is related to, but in an apparent disproportionality, a higher hydraulic gradient (from 0.31 to
0.38 or 23% increase). This apparent disproportionality relates to the geometry of the river bed.
The modelled cumulative infiltration after 5 days, using steady-state infiltration rate corresponding to
each stage (0.010, 0.013 and 0.015 m3 h-1 m-1, respectively), was 11.09 m3. However the field
experiment showed that the real volume of water infiltrated in the stream reach after 5 days was 17.4
m3, which corresponds to an underestimation of the cumulative infiltration of 36. In terms of volume,
the infiltration transient period can account for more than 70% of the total infiltrated volume in a
natural flow event.
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Conclusions and Future Work
An infiltration experiment at the stream reach scale was performed to directly obtain infiltration rates
at different stream water levels. The experiment highlighted that the first hour can account for up to
19% of the total infiltration if the soil is dry at the onset of the flow event. The two-dimensional model,
calibrated using experimental infiltration rates, highlighted that transient infiltration can account for up
to 72 % of the cumulative infiltration of a flow event, while infiltration is likely to be underestimated by
at least 25 % if only steady-state infiltration rates are considered.
It is worth differentiating that not all the infiltration will contribute to aquifer recharge, as this will
ultimately depend on several factors, such as soil moisture conditions, water table depth, flow
duration and evaporation. This means that flow events need to last for a minimum period of time to
potentially contribute to aquifer recharge. Future work is planned to extrapolate the results of this
study to the rest of Pedler Creek.

References
Batlle-Aguilar, J. and Cook, P.G. Transient infiltration from ephemeral streams: A field experiment at
the reach scale. Water Resour. Res., In Press.
Blasch, K.W., Ferré, T.P.A., Hoffmann, J.P. and Fleming, J.B., 2006. Relative contributions of
transient and steady state infiltration during ephemeral streamflow. Water Resour. Res., 42(8):
W08405.
Brunner, P., Cook, P.G. and Simmons, C.T., 2011. Disconnected Surface Water and Groundwater:
From Theory to Practice. Ground Water, 49(4): 460-467.
Carsel, R.F. and Parrish, R.S., 1988. Developing joint probability distributions of soil water retention
characteristics. Water Resources Research, 24(5): 755-769.
Constantz, J., Stewart, A.E., Niswonger, R. and Sarma, L., 2002. Analysis of temperature profiles for
investigating stream losses beneath ephemeral channels. Water Resour. Res., 38(12): 1316-1328.
Dagès, C., Voltz, M., Lacas, J.G., Huttel, O., Negro, S. and Louchart, X., 2008. An experimental study
of water table recharge by seepage losses from a ditch with intermittent flow. Hydrol. Proc., 22(18):
3555-3563.
Dahan, O., Tatarsky, B., Enzel, Y., Kulls, C., Seely, M. and Benito, G., 2008. Dynamics of Flood
Water Infiltration and Ground Water Recharge in Hyperarid Desert. Ground Water, 46(3): 450-461.
DFW, 2011. McLaren Vale PWA Groundwater Status Report 2009-10. Government of South
Australia, Department for Water.
Freyberg, D.L., 1983. Modelilng the effects of a time-dependent wetted perimeter on infiltration from
ephemeral channels. Water Resour. Res., 19(2): 559-566.
Harrington, G.A. 2002. Recharge mechanisms to Quaternary sand aquifers in the Willunga Basin,
South Australia. Department for Water, Land and Biodiversity Conservation, Resource Assessment
Division. Report DWLBC 2002/016.
Ronan, A.D., Prudic, D.E., Thodal, C.E. and Constantz, J., 1998. Field study and simulation of diurnal
temperature effects on infiltration and variably saturated flow beneath an ephemeral stream. Water
Resour. Res., 34(9): 2137-2153.
Šimunek, J., Huang, K. and van Genuchten, M.T., 1998. The HYDRUS code for simulating the onedimensional movement of water, heat and multiple solutes in variably-saturated media. Version 6.0.
Research report No. 144, U.S. Salinity Laboratory, USDA, ARS., Riverside, California.
Sophocleous, M.A., 1991. Combining the soilwater balance and water-level fluctuation methods to
estimate natural groundwater recharge: practical aspects. J. Hydrol., 124: 229-241.
42

Sorman, A.U., Abdulrazzak, M.J. and Morel-Seytoux, H.J., 1997. Groundwater recharge estimation
from ephemeral streams. Case study: Wadi Tabalah, Saudi Arabia. Hydrol. Proc., 11(12): 1607-1619.

43

4 Modelling Seawater Intrusion in the Willunga
Basin, South Australia
Leanne Morgan, Adrian Werner, Melinda Morris, Michael Teubner

4.1 Introduction
In coastal aquifers, changes to the hydrology of the coastal zone can cause the inland movement of
seawater, known as seawater intrusion (SWI) (Figure 4.1). SWI causes significant losses of available
freshwater resources in coastal aquifers and can be caused by a range of processes. These include
excessive groundwater pumping, or groundwater discharge to surface features, climate change impacts such
as sea-level rise and reductions in aquifer recharge (e.g., Post, 2005).
The study described here involved the application to the Willunga Basin of a new method for rapidly
assessing SWI vulnerability (Werner et al., 2012). The method improves on previous approaches for the
rapid assessment of large-scale SWI vulnerability, because it is quantitative, theoretically based and requires
limited data. It can also be used to compare the effects of various system stresses, such as groundwater
abstraction, climate change and sea level rise, not accounted for by other large scale assessment tools.
However, it has not yet been widely applied and, being a steady state analysis, a recognized limitation is that
it does not provide information on the transience of seawater intrusion, i.e. its variability with time and
quantification of the time scales involved.
The Willunga Basin was selected as a test case for the method because it is typical of many Australian
coastal aquifer systems at risk of SWI, in that there are currently no SWI-specific monitoring, modelling or
management frameworks in place. In addition, the Willunga Basin is a multiple aquifer system, allowing
demonstration of the method for both unconfined and confined aquifers. As an extension, the results of the
Werner et al. (2012) method were compared with two-dimensional simulations using the variable-density flow
and solute transport code SEAWAT (Version 4; Langevin et al., 2008) to investigate the temporal
development of SWI in the Willunga Basin, as induced by projected sea-level rise.
A summary of the results and outcomes from the project is provided here and more detailed information,
particularly on the mathematical development and modelling methodology can be found in Morris (2011),
Werner et al. (2012) and Morgan et al. (in press).

Figure 4.1. Schematic of seawater intrusion with dispersive interface (from Smith and Turner, 2001).
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4.2 Assessing the Theoretical Steady State Extent of SWI
Analytical Equations and Parameters
The analytic solution for the steady-state location of the freshwater-seawater interface developed by Strack
(1976, 1989) is the basis for the method described by Werner et al. (2012). Figure 4.2 illustrates the
conceptual model for unconfined and confined aquifers.

h0

Figure 4.2. Description of hydrogeological variables for: (a) unconfined aquifer and (b) confined aquifer settings (Morgan
et al., in press.).

The water budget for the problem domain, as shown in Figure 4.2, is comprised of net recharge (Wnet [L/T],
accounting for infiltration, evapotranspiration and distributed pumping), freshwater discharge to the sea (q0
[L2/T]), and lateral flow from aquifers inland of the landward boundary (qb [L2/T]). The hydraulic head (hf [L]) is
related to the depth of the interface (z [L]) by the Ghyben-Herzberg relation: z  h f  where  [-] is the
dimensionless density ratio

  ( s   f )  f

(ρs = 1025 kg/m3 and ρf = 1000 kg/m3 are freshwater

and seawater densities, respectively [M/L3]), and hence  is equal to 0.025. The freshwater thickness is h [L],
and the base of the aquifer is z0 [L] below mean sea level. In the confined aquifer, the saturated aquifer
thickness in Zone 1 is h0. Zone 1 is the region inland of the saltwater wedge and Zone 2 is the region
between the coast and the inland extent (xT) of the saltwater wedge. From a conceptual perspective, while
the problem domain is theoretically infinite in the landward direction, the cross section is assumed to occur in
a coastal fringe of between 1 km and 5 km from the coast.
Rearranging the equations of Strack (1976), which give hf as a function of aquifer parameters and distance
from the coast x [L], allows estimation of q0 for a given hb at xb from the coast (i.e., obtained from monitoring
well observations), and using estimates of the other aquifer parameters (K, z0, , Wnet) (Werner et al., 2012).
For an unconfined aquifer, in Zone 1 (x  xT; Figure 4.2a):





K hb  z 0   1   z 02  W net x b
q0 
2 xb
2

2

(4.1)

In Zone 2 (x ≤ xT; Figure 4.2a):

 1    K 2 Wnet xb
q0  
hb 

2
   2xb

(4.2)
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For a confined aquifer:
In Zone 1:

q0 





W x
K
2
2hb h0  h0   2 2 z 0 h0  net b
2xb
2

(4.3)

W x
K
hb  h0  z 0 2  net b
2 xb
2

(4.4)

In Zone 2:

q0 

K is the hydraulic conductivity [L/T] and other parameters are defined above. A useful indicator of the extent
of SWI is the location of the wedge toe xT [L] (see Figure 4.2), which is derived through considering that
h f   z 0 at the wedge toe. In situations where recharge (e.g. from rainfall) exceeds the combined outflows
from distributed pumping and groundwater evapotranspiration (i.e., Wnet > 0), the wedge toe is obtained for
an unconfined aquifer from (Cheng and Ouazar, 1999):

 q0 
q0
K 1   z02


 
xT 
 
Wnet
Wnet
 Wnet 
2

(4.5)

For a confined aquifer, where Wnet is assumed to be 0 (Werner et al., 2012):

xT 

Kh02

(4.6)

2q0

The confined aquifer conceptualisation used here does not account for continuation of aquifers off-shore and
may therefore result in overestimation of the landward position of the interface in confined aquifers. Analytic
solutions presented by Bakker (2006) and Kooi and Groen (2001) account for offshore continuation of
confined aquifers. However, information on parameters required for the method (e.g., distance the aquifer
extends off-shore and the vertical hydraulic conductivity of the semi-confining aquitard) are not available for
the Willunga Basin aquifers. Therefore, the approach adopted here assumes that freshwater discharges from
the confined aquifer at the coastline.
A useful SWI vulnerability measure for unconfined aquifers is M, the “mixed convection ratio”, as it describes
the ratio between density-driven processes causing landward migration of the wedge and freshwater
advection processes that oppose SWI (Werner et al., 2012).

M 

K 1   z 02
Wnet xn2

(4.7)

xn is the distance from the coast of a no-flow boundary, i.e. where lateral inflow is zero (qb = 0). The value of
xn is given as (Werner et al., 2012):

xn  q0 Wnet

(4.8)

Conditions causing the wedge toe to reach or exceed xn (i.e., xT ≥ xn) are more likely to be associated with
adverse SWI events. If M ≥ 1, the density-driven processes dominate, causing an unstable SWI situation and
high SWI vulnerability (Werner et al., 2012; Morgan et al., in press). The full derivations of the equations
described above are provided in Werner et al. (2012) and Morgan et al. (in press).
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Conceptualisation of the Willunga Basin Field Site
The existing coastal groundwater monitoring network in the Willunga Basin is not appropriate for monitoring
potential SWI impacts, because observation wells do not penetrate to the base of the aquifers (where any
SWI would most likely be observed). However, anecdotal evidence from recent drilling conducted within the
Basin’s coastal fringe has identified high groundwater salinities in wells drilled to near the base of the PWF
aquifer. Field measured electrical conductivity (EC) during air lifting of two pilot trial aquifer storage and
recovery injection wells located at 1300 m and 1800 m from the coast indicated EC values of around 20
mS/cm (~12,000 mg/L) and 40 mS/cm (~24,000 mg/L), respectively, well outside the average aquifer salinity
of 1500 mg/L. Such high salinities were not observed during development of two adjacent, shallower wells
constructed within the PWF, consistent with a seawater wedge that is at least 2 km from the coast in the
PWF.
The study area selected for the preliminary seawater intrusion investigation covers a distance of
approximately 3500 m of coastline and has an inland boundary approximately 3500 m from the coast (Figure
4.3). The aquifers included in the assessment are the Quaternary (Qa), Port Willunga Formation (PWF) and
Maslin Sands (MS). The fractured rock aquifer was not considered due to lack of water level and aquifer
geometry data.

Figure 4.3. Study area for Willunga Basin conceptualisation, showing towns (grey text) and monitoring boreholes (e.g.,
WLG47).

The Willunga Basin parameters required by the equations described above were obtained from site-specific
reports (for net recharge values; Herczeg and Leaney (2002)); review of hydrographs from the Obswell
network (for heads in the different aquifers); interpretation of lithological logs from the Drillhole Enquiry
System (https://des.pir.sa.gov.au/deshome.html) and Obswell (for aquifer geometry); and application of
literature values (for hydraulic conductivity and porosity) typical of the study area lithologies (Table 4.1).
Pump test information was not available for the coastal region of the Willunga Basin. In estimating net
recharge, Wnet, it was assumed that all extraction occurs inland of the 3500 m inland boundary. As such, Wnet
represents rainfall recharge for the Qa aquifer, and is zero for the PWF and MS aquifers as rainfall recharge
to these aquifers is likely to be minimized by the overlying aquitards. An estimated predevelopment (i.e., prepumping) head was also needed for the analysis of the PWF aquifer, and this was based on historical
maximum heads.
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Table 4.1. Hydrogeological parameters for the Willunga Basin aquifers. K is the hydraulic conductivity of the aquifer, hb is
the thickness of the freshwater layer at distance xb from the coast (i.e. from monitoring well observations), n is porosity
and the other parameters are defined above.

K
(m/d)

Wnet
(mm/yr)

z0
(m)

h0
(m)

hb
(m)

xb
(m)

n
(-)

Qa
(Unconfined)

10

20

20

-

3.0

3500

0.3

PWF
(Confined)

10

0

120

90

1.5 (3.0)*

3500

0.3

MS
(Confined)

1

0

225

65

2.0

3500

0.3

Aquifer

*Estimated pre-development head.

Results
Equations 4.1 to 4.8 were used to estimate discharge to the sea (q0), the theoretical steady-state extent of
SWI within each aquifer (xT), and the dimensionless number that represents vulnerability to SWI (M; values ≥
1 indicating unstable SWI conditions) (Table 4.2) (Morgan et al., in press). These results represent the
theoretical long-term (i.e., steady-state) condition of the system based on current stresses, unless otherwise
stated.
Table 4.2. Results indicating theoretical SWI extent for the Willunga Basin aquifers.

Aquifer

q0
(m2/d)

xT
(m)

M
(-)

Qa
(Unconfined)

0.27

197

0.08

PWF
(Confined)

0.03 (0.29)*

31500 (3500)*

NA

MS
(Confined)

<0.00

Unstable

NA

*Calculated pre-development values.

For current conditions, the estimated steady state inland extent of SWI in the Qa aquifer is relatively small,
and the low M value suggests that SWI vulnerability is also low. For the PWF aquifer, the theoretical inland
distance to the toe is very large (>31 km) under current conditions, indicative of an extensive seawater
wedge. The q0 calculated using pre-development conditions is almost 10 times the value under current
conditions.
Calculations of q0 suggest that the confined MS aquifer has no freshwater discharge to the sea, but that
seawater flows inland. This suggests unstable interface conditions and that the wedge toe is probably moving
inland, creating the most extensive SWI over long timeframes. It is not possible to calculate xT for the MS
aquifer due to the theoretically unstable interface condition. In interpreting these results, it should be
considered that the limitations of the steady-state analysis mean that the results provide a rough guide only
to the likely steady-state extent of seawater in the aquifer, under current-day stresses. Additionally, in the
case that the PWF and MS aquifers extend significant distances off-shore, the results presented here will
tend to over-estimate the inland extent of the interface in these aquifers.

4.3 SWI Vulnerability Indicators
The sensitivity of SWI in the Willunga Basin to different stresses was characterised using the partial
derivative equations of Werner et al. (2012). The equations, which are also described in Morgan et al. (in
press), describe the propensity for the wedge toe to change with changes in sea level, recharge or inflows at
the inland boundary (e.g. as a result of increased groundwater extraction). SWI vulnerability indicators were
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calculated using the parameters in Table 4.1 for the Qa and PWF aquifers. Vulnerability indicators could not
be calculated for the MS aquifer as it is theoretically unstable; however, it can be inferred that the already
high potential vulnerability of the MS aquifer will increase under increased stresses associated with climate
change and pumping.
It was found that the Qa aquifer is more sensitive to fractional changes in sea-level rise than to recharge
change or changes in inflows at the inland boundary. For the PWF aquifer, sensitivity to sea-level rise is
significantly larger than sensitivity to changes in inflows at the inland boundary (Morgan et al., in press).
In general, the calculations suggested that the key drivers of SWI in the Willunga Basin aquifers are changes
in flows at the inland boundary (for the Qa and PWF aquifers) and sea-level rise in the PWF aquifer. High
vulnerability is inferred in general for the MS aquifer because it was found to have unstable interface
conditions.

4.4 Transient Analysis
The transient analysis, using two-dimensional variable-density flow and solute transport simulations with the
SEAWAT code (Version 4; Langevin et al., 2008), was carried out to investigate the temporal development of
SWI under conditions similar to those of the Willunga Basin, as induced by projected sea-level rise. The Qa,
PWF and MS aquifers of the Willunga Basin were conceptualized individually in 2-D cross sections
perpendicular to the coast (Figure 4.4). Head-controlled conditions were assumed, consistent with the
findings of Werner and Simmons (2009) and Werner et al., (2012) that head-controlled settings result in
greater sea-level rise-induced SWI within unconfined and confined aquifers than flux-controlled conditions.
Hence the results represent a worst case and it is assumed that heads are maintained at the same level at
3.5 km from the coast due to pumping.
The model domain was uniformly discretised for transient simulations of both the Qa, PWF and MS aquifers,
with 700 vertical columns of 5 m width. The Qa model had 20 horizontal layers of 1 m thickness, the PWF
had 36 layers of 2.5 m thickness and the MS had 26 layers of 2.5 m thickness.
The parameter values adopted for the numerical simulations using SEAWAT are shown in Table 4.3. Coastal
head values are for initial conditions (i.e., pre-sea-level rise). The assumed pre-development inland head
(Table 4.1) was used for the PWF aquifer model so that the wedge toe under initial conditions would occur
within the model domain. For the purpose of tracking SWI, the toe was defined as the interception of the 50%
seawater isochlor with the aquifer basement. Further details of the model set up can be found in Morgan et
al. (in press).
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Figure 4.4. Simplified aquifer conceptualisations for the purposes of numerical modelling of transient SWI: (a) Qa aquifer,
and (b) PWF and MS aquifers.

For the parameter values in Table 4.3, initial steady-state conditions for the Qa and PWF aquifers were
achieved by running the model until the wedge toe was found to stabilise. Steady state was not achieved for
the MS aquifer after 2000 years, which is in line with previous findings (i.e., that the interface is unstable).
After an initial steady state was reached for the Qa and PWF aquifers, an instantaneous sea-level rise of 0.88
m was applied. This value is consistent with the upper value presented by the IPCC (2007) for the year 2100
and conforms to the value used in previous studies (e.g., Werner and Simmons, 2009). The effects of gradual
sea-level rise were also considered. This was achieved by applying a linear rise in sea level of 0.88 m over
90 years, consistent with the approach of Webb and Howard (2011). Results for the Qa and PWF aquifers
are shown in Figures 4.4 and 4.5, respectively.
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Table 4.3. Parameter values adopted for numerical simulations using SEAWAT.

Parameter (units)
Inland head (m)
Inland distance (m)

Qa

PWF

MS

Label

Value

Value

Value

hb

3

3

2

xb

3500

3500

3500

0

0.75

4

Coastal head (m)
Aquifer base below sea level (m)

z0

20

110

215

Aquifer thickness (m)

h0

-

90

65

Wnet

20

0

0

Horizontal hydraulic conductivity (m/d)

Kx

10

10

1

Vertical hydraulic conductivity (m/d)

Ky

10

10

10

Longitudinal dispersivity (m)

αL

1

1

1

Transverse dispersivity (m)

αT

0.1

Recharge (mm/yr)

2

0.1

D

9E

9E

9E-5

Effective porosity (-)

ne

0.3

0.3

0.3

Specific yield (-)

Sy

0.2

-

-

Seawater density (kg/m3)
3

Seawater salinity (kg/m )

-5

0.1

Molecular diffusion (m /d)

Specific storage (/m)

-5

-5

Ss

-

2E

2E-5

ρs

1025

1025

1025

35

35

35

For both the Qa and PWF aquifers, the steady state (under current conditions) xT determined using the
numerical model was 70 m and 900 m less respectively than that predicted by the analytical approach
(Figures 4.5 and 4.6), indicating that the analytical approach over-estimates xT and should be considered a
worst case scenario. However, for the PWF, a true steady state had not yet been reached by the end of the
numerical simulation (Figure 4.6). Likewise, for both the the instantaneous and gradual sea-level rise
scenarios, the analytic solution overestimated xT by 90 m for the Qa aquifer and 3 500 m for the PWF.
However, for the PWF, steady state had not been reached for the numerical solution and this difference
would have been much less if the solution had run to steady state. Over-estimation of the toe by the sharpinterface analytical method is expected (e.g., Cooper, 1964; Pool and Carrera, 2011), because the
freshwater-saltwater interface contracts when the seawater circulation cell, caused by the mixing of seawater
and groundwater, is considered.
Application of an instantaneous sea-level rise to the unconfined Qa aquifer model resulted in a maximum xT
extent of around 170 m, which represents about a 40 m increase from pre-stress conditions, reached in
approximately 10 years. In contrast, the maximum xT extent (i.e., at steady-state) for the gradual sea-level
rise case was reached after approximately 90 years.
From the simulation of the PWF aquifer a steady state had not been reached after approximately 450 years
in both the instantaneous and gradual sea-level rise cases, at which time the simulation was stopped
because the toe was within 50 m of the inland model boundary (xb = 3500 m) for the instantaneous sea-level
rise case. This demonstrates that it takes a longer time for interfaces to equilibrate following sea-level rise in
the PWF than in the Qa aquifer. This is not surprising given that the PWF is more sensitive than the Qa to
sea-level rise and the change in the steady-state interface position is much greater, involving larger volumes
of seawater entering the aquifer. At 100 years after the commencement of sea-level rise (a period of time
relevant to management time frames), xT had increased by about 410 m for the instantaneous rise and about
230 m for the gradual sea-level rise.
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Figure 4.5. Comparison of toe positions in the Qa aquifer before and after sea-level rise using the analytic, steadystate approach and transient numerical modelling

Figure 4.6. Comparison of toe positions in the PWF aquifer before and after sea-level rise using the analytic,
steady-state approach and transient numerical modelling

4.5 Conclusions
The unconfined Qa aquifer was found to have relatively small SWI extent under current conditions.
Comparison with cases considered previously by Werner et al. (2012b) indicated that the Qa aquifer had
relatively low vulnerability to sea-level rise and recharge change and relatively high vulnerability to changes
in flows at the inland boundary (as might occur under increased extraction).
The confined PWF aquifer was found to have large SWI extent under current conditions and there is the
potential for a large volume of seawater to have entered (or to eventually enter) the PWF since the predevelopment period. As such, active SWI is likely in the PWF aquifer. Like the Qa aquifer, the PWF aquifer
was found to have a relatively high vulnerability to changes in flows at the inland boundary. The PWF was
also found to be most sensitive to fractional changes in sea-level. In order to reduce vulnerability to sea-level
rise in the PWF aquifer, a management approach that allows heads to rise commensurate with sea-level is
required. Further detailed SWI assessment of future extraction and sea-level rise scenarios is warranted for
the PWF aquifer.
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The MS aquifer was found to have unstable interface conditions, suggesting that the interface is moving
inland. As such, the already high vulnerability of the MS aquifer will increase under increased stresses
associated with climate change and increased extraction. Further detailed assessment of SWI extent under
current conditions is required for the MS aquifer.
Transient analysis of SWI in response to a 0.88 m sea-level rise in the Qa and PWF aquifers demonstrated
that instantaneous sea-level rise results in a more rapid SWI response than gradual sea-level rise. For the
Qa aquifer, maximum xT extent was reached after around 10 years for instantaneous sea-level rise and about
90 years for gradual sea-level rise. The interface equilibrated after about 90 years for both the instantaneous
and gradual sea-level rise cases. For the PWF aquifer, a steady state had not been reached after
approximately 450 years in both the instantaneous and gradual sea-level rise cases. Instantaneous and
gradual sea-level rise results in xT increases of about 410 m and 230 m, respectively, after 100 years.
At the time of preparation of this report, the existing data set for the Willunga Basin aquifers at the coastal
fringe was limited. The results of this study have provided guidance for a planned drilling program to
construct a transect of eight piezometers completed in the Port Willunga Formation aquifer, running
perpendicular to the coast. This will help to indentify the location of the seawater wedge toe in the Port
Willunga Formation and provide data to help constrain models of seawater intrusion.
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5 Groundwater Discharge at the Coast
Michael Short, Peter Cook, Sébastien Lamontagne

5.1 Introduction
Limited hydrogeologic data in the coastal region of the Willunga Basin has meant that regional groundwater
discharge to the coast is currently not well understood or constrained by groundwater models (Martin et al.,
2006). This is a major knowledge gap for the effective management of the region’s groundwater resources
and coastal environment. Furthermore, the recent development of an aquifer storage and recovery (ASR)
project at Aldinga (SA Water, 2011) means that any potential impacts on the groundwater system, including
groundwater discharging to coastal waters, are of great importance for ensuring that the ASR project
continues to meet strict Environment Protection Authority guidelines.
This study used environmental tracers to assess submarine groundwater discharge from the Willunga Basin
aquifers into Gulf St. Vincent. Radon-222 is a radioactive noble gas that decays from 226Ra by alpha decay.
Groundwater is typically enriched in 222Rn relative to surface water because of its prolonged exposure to soils
and rocks containing trace amounts of 238U. In contrast, surface waters (e.g. rivers, lakes and coastal water)
typically have low 222Rn activities. The large differences in 222Rn activity between surface water and
groundwater, in many cases 1000-fold or greater, has meant that it has become a widely used environmental
tracer for surface water-groundwater interaction investigations (e.g., Cable et al., 1996; Cook et al., 2003;
Charette et al., 2008).
The radium quartet (223Ra (half-life = 11.4 days); 224Ra (half-life = 3.66 days); 226Ra (half-life = 1601 years);
228
Ra (half-life = 5.8 years)) is another set of radioactive isotopes, forming part of the U- and Th-decay series,
which is a useful tool for investigating submarine groundwater discharge (SGD) (Charette et al., 2008). These
tracers are useful for SGD studies for the same reason as 222Rn - groundwater is enriched in Ra relative to
coastal waters. The method involves measuring the distribution of the four Ra isotopes along one or more
offshore transects. The short-lived Ra isotopes are used to estimate offshore eddy diffusivity (ocean offshore
mixing rate), and the activity gradients of the long-lived Ra isotopes used to estimate SGD.

5.2 Background
The geologic units in the Willunga Basin dip to the south at a gradient of approximately 0.02, and to the
southwest at approximately 0.01. Lithological records of two offshore petroleum exploration bores, Frijole 1
(PIRSA, 1998b) and Enchilada 1 (PIRSA, 1998a), suggest that the formations of the Willunga Basin continue
to dip at approximately the same rate and occur at approximately the same thickness below Gulf St Vincent.
Martin et al. (2006) suggested that the offshore fault zones associated with the Willunga Fault and a minor
fault extending west offshore from the township of Aldinga, may be areas where groundwater may
preferentially discharge to the gulf. However, the scarcity of offshore and near shore geological records
makes it difficult to predict where preferential offshore discharge is likely to occur. In the present study, SGD
is assumed to occur primarily to the surf zone; however, offshore discharge may still occur.
Potentiometric surface maps illustrate that the general flow of groundwater in both of the Willunga Basin’s
primary aquifers is from the northeast to Gulf St Vincent in the southwest (DfW, 2011). Potential areas of
regional groundwater discharge to the gulf include: north of Snapper Point and near the Willunga Escarpment
(Port Willunga Formation); and north of Blanche Point (Maslin Sands). These locations are where hydraulic
heads of regional groundwater are positive at the coast and the two main aquifers outcrop. However, the
limited number of observation bores in close proximity to the coastline of the Willunga Basin means that
inferring the location and magnitude of SGD from potentiometric surface maps is likely to be associated with
a large amount of uncertainty. In the case of the Maslin Sands aquifer, observation bores within 5 km of the
coast are completely absent, with the exception of one observation bore north of Aldinga. Limited
hydrogeologic and water level data in the coastal region of the Willunga Basin has previously been noted as
a major limitation for estimating SGD using hydrogeologic methods (Martin, 1998; Lamontagne et al., 2005).
SGD has previously been estimated in the Willunga Basin, the estimates are summarised in Table 5.1.
Methods used to estimate SGD in Bowering (1979), Martin (1998), Lamontagne et al. (2005) and Martin et al.
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(2006) are based on Darcy’s Law calculations using broad scale aquifer transmissivities and hydraulic
gradients based on potentiometric surface maps of Willunga Basin’s primary aquifers.
Table 5.1: Previous estimates of SGD from the Willunga Basin.

Study

A

Bowering (1979)
Martin (1998)
OCWMB (2000)
amontagne et al. (2005)
amontagne et al. (2005)
Martin et al. (2006)
amontagne et al. (2008)

SGD
ML year-1
880
2,900
1,600
790
5000-9000A
4,500 – 6,500
14,000-334,000

Method
Darcy's Law
Analytic solution
Unknown
Flow net analysis
Radium
Numerical model
Radium

Assuming a 20 km coastline. Partly accounts for recirculated seawater component.

Lamontagne et al. (2005) and Lamontagne et al. (2008) used environmental tracers (the radium quartet and
222
Rn) to assess potential locations of SGD and estimate the flux from the Willunga Basin’s coastal fringe.
However, as discussed below, estimates of SGD with the radium quartet can be affected by recirculated
seawater. Lamontagne et al. (2005) and Lamontagne et al. (2008) concluded that SGD derived from regional
groundwater flow is potentially much lower than previously thought.

5.3 Methods
222

Rn samples were collected from 18 beach sites to assess potential locations of SGD along the coastal
fringe of the Willunga Basin. A brackish groundwater spring, described in Tindale (1987), was also sampled
during the beach survey. At this location, brackish groundwater can be observed flowing from the cliffs (of
Port Willunga Formation) into the surf zone.
The 18 beach sites were chosen for an evenly spread coverage of the Willunga Basin’s coastline, at intervals
of approximately 1 km (see Figure 5.1). The sites were sampled between 26/08/2011 and 27/09/2011 and
samples were collected during a range of three hours before and three hours after low tides. The six hour
range around low tides was chosen as it represents the time when larger hydraulic head differences between
inland aquifers and the sea level are likely to cause the greatest discharge (Burnett et al., 2006). Samples
were not collected near Blanche Point because it is the Blanche Point Formation aquitard that outcrops here
and this is unlikely to discharge measureable volumes of groundwater to coastal waters.
Four samples were collected from each of the eighteen beach sites: two from the surf zone (one from a depth
of 0.5 m and one from a depth of 1.0 m), and two groundwater samples (one from the intertidal zone (from
0.4 m below the water table), and one (where possible) from beyond the landward side of the intertidal zone
(from 0.2 m below the water table)).

Water samples were also collected from two offshore transects on 11/08/2011 - one directly west of Aldinga
Beach (‘northern transect’), and one running parallel to the Willunga Escarpment (‘southern transect’) (Figure
5.1a). Both radon and radium samples were collected along the northern transect. Radon samples were
collected from the southern transect to determine whether the Willunga Fault zone was a potential location of
SGD, as hypothesised in Martin et al. (2006). Only the radium data along the transect is presented here.
Radon data is provided in Short (2011).

56

Figure 5.1. (a) Radon sampling sites: beach sites (orange circles), creek sites (green circles), Port Willunga Spring
site (yellow triangle), and the northern (red circles) and southern (red squares) offshore transects. (b) Radium
sampling sites.

5.4 Radium Mass Balance
Moore (2000a) proposed that the distribution of Ra activity, A, over time, t, with distance offshore, , can be
described by applying a one-dimensional advective-diffusive model.

dA
2A
 KH
 A
dt
x 2
where KH is eddy diffusivity (m2 s-1) and
the boundary conditions are:

(5.1)

(s-1) is the decay constant of the relevant Ra isotope. For this case

A  A 0 at

A 0 as

x 0

x  

At steady-state, and where KH is constant, offshore Ra activity is approximated by:


 
A( x)  A0 exp x

KH 


(5.2)

KH can be estimated from a plot of ln 223Ra and ln 224Ra with distance offshore, where the slope, m, is defined
as:

m



(5.3)

KH
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Total radium flux, F (Bq m-1[shoreline] s-1), is then estimated using the offshore gradient of long-lived Ra
isotopes activities,

A
, in the equation:
x
  A 
F    K H    z
  x 

(5.4)

where z is the depth (m) of water that Ra is transported through.
The main assumptions used by this model are: the system is steady state; the decay of long-lived Ra
isotopes over the time scale of offshore Ra transport is negligible; offshore benthic sources of Ra are
negligible; and the depth of water that Ra is transported through is constant.

5.5 Results
Beach survey
The results of the beach face radon survey of 18 beach sites, and Port Willunga spring are shown in Figure
5.2a. There was no significant difference between the high-tide and intertidal groundwater 222Rn values, and
so the average of these values is shown on Figure 5.2a. At most sites, average beach face groundwater
222
Rn activities are below 5 Bq L-1. The only sites that average beach face groundwater 222Rn activities were
observed above 5 Bq L-1 were sites BR14 and BR15, which have average groundwater 222Rn activities of 5.2
and 24 Bq L-1 respectively. The value of 24 Bq L-1 is unusual because it is significantly higher than estimates
of regional groundwater 222Rn activity of the Maslin Sands aquifer, which outcrops at this location, of 5.9 Bq
L-1 (data presented in Lamontagne et al. (2005)). The elevated groundwater 222Rn activity at site BR15
suggests that there is a region of high 226Ra (222Rn’s parent nuclide) activity sediments located near this
location.
Observed surf zone 222Rn activities were as high as 27 and 31 mBq L-1, at the discharge zones south of
Snapper Point and along Maslin Beach, respectively (Figure 5.2b). Even higher values of 70 and 63 mBq L-1
were observed at these sites during a second sampling round, although the results of this sampling round are
not reported here. The high value along Maslin Beach coincides with a site of high groundwater activity. The
inference that the sites of elevated surf zone 222Rn activities are zones of SGD is supported by EC
measurements of beach face groundwater collected at the time of 222Rn sample collection (see Short, 2011).
EC measurements at sites BR9 and BR15 were as low as 14 and 9.9 mS cm-1, respectively, which are similar
to the EC measurements of bore samples from regional groundwater in the Port Willunga Formation and
Maslin Sands aquifers. In contrast, EC measurements at all other beach sites were observed to range
between 42 – 69 mS cm-1 (seawater has an average EC of 56 ± 0.05 mS cm-1).
Interestingly, the 222Rn activity in the surf zone near the Port Willunga spring (sites BR11, PWS and BR12),
where groundwater with EC values as low as 11 mS cm-1 can be seen flowing into the surf zone from the
cliffs at low tide, does not exceed 10 mBq L-1 (Figure 5.2b).
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Figure 5.2.(a) Average (n = 2) beach face groundwater 222Rn activity (mBq L-1) of the 18 beach sites and Port Willunga
spring (PWS). Error bars represent analytical precision.

Figure 5.2.(b) Surf zone 222Rn activity (mBq L-1) of the 18 beach sites and Port Willunga spring (PWS). Error bars
represent analytical precision.

Offshore transects
Figure 5.3 shows the offshore distribution of Ra activities along the northern transect. 223Ra and 224Ra
activities display a rapid decrease in activity over the first kilometre. From a distance of 1 – 10 km offshore
223
Ra and 224Ra activities show a much gentler rate of decline. In general, the long-lived Ra isotopes, 226Ra
and 228Ra, show a gentler rate of decline offshore relative to the short-lived Ra isotopes. The distinct
difference between the long- and short-lived Ra activity gradients is due to offshore dispersion occurring on
the same time scale as (or longer than) the half-lives of the short-lived Ra isotopes. This results in an
approximately exponential rate of decline offshore. In contrast, the long-lived Ra isotopes decay on time
scales that are negligible compared with offshore dispersion, which results in approximately linear offshore
activity gradients.
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Figure 5.3: Radium quartet activity (mBq L-1) with distance offshore (km). Error bars represent analytical precision.

The natural logarithm of short-lived Ra activity was plotted against distance offshore to determine eddy
diffusivity (Figure 5.4). The linear regressions fitted to these plots are summarised in Table 5.2. The plot
shown in Figure 5.4 illustrates that there are two distinct mixing rates for the near shore (0 – 1 km) and
offshore (1 – 10 km) zones. The eddy diffusivities of the near shore and offshore zones are 0.25 – 0.75 m2 s-1
and 53 – 57 m2 s-1, respectively (Equation 5.3). Changing water depth may be influencing the evaluation of
offshore mixing rates along this transect, as it rapidly increases from a depth of approximately 1 m at a
distance of 0.01 km from the shoreline to a depth of 12 m at 1 km offshore. A depth-corrected estimate of
eddy diffusivity could be estimated using the method in Hancock et al. (2006) and Lamontagne et el. (2008).
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Figure 5.4: Plot of ln 223Ra and 224Ra activity (mBq L-1) with offshore distance (km). Letters correspond to regressions
summarised in Table 4.5. Error bars represent analytical precision.
Table 5.2: Regression slopes for nearshore and offshore ln 223Ra and ln 224Ra activity gradients shown in Figure 5.4
-2
226
228
(regressions A-D; units of m ) and the near shore Ra and Ra activity gradients shown in Figure 5.5 (regressions E
-3
-1
and F; units of mBq m m ).

Regression
A
B
C
D
E
F

m
-0.0017
-0.0017
-0.0001
-0.0002
-0.268
-1.105

Ra activity (mBq m-3)

5000
Ra-226
Ra-228

F

4000

3000

E
2000

1000
0

200 400 600 800 1000
Distance offshore (m)

Figure 5.5: Near shore long-lived Ra isotope gradients. Letters correspond to regressions summarised in Table 4.5. Error
bars represent analytical precision.
226

Ra and 228Ra display approximately linear offshore activity gradients of -0.27 and -1.11 mBq m-3 m-1,
respectively (Figure 5.5 and Table 5.2). The resulting offshore 226Ra and 228Ra fluxes are 0.39 – 1.2 mBq m-1
s-1 and 1.6 – 4.8 mBq m-1 s-1, respectively. The radium flux will be derived from net offshore transport of
groundwater containing radium, but also from recirculated seawater in the nearshore zone, which entrains
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radium from the sediments. Further work to more accurately calculate the recirculated seawater component
would be necessary before the radium flux could be interpreted in terms of a net groundwater discharge to
the ocean.

5.6 Conclusions
A beach face and surf zone survey of radon along the coastline of the Willunga Basin has identified zones of
significant groundwater discharge to the ocean at the coastal fringe, approximately 1 km south of Snapper
Point and along Maslin Beach. A transect of Ra isotope activities has also provided an assessment of SGD
from the coastal fringe of the Willunga Basin, and suggests that the regional groundwater contribution of SGD
is small relative to the contribution of recirculating seawater. Because of this, further work is required to more
accurately calculate the recirculated seawater component before SGD can be quantified using radium as a
tracer.

5.7 References
Bowering, O. J. W., 1979. Willunga Basin groundwater investigation progress report No. 3. Report Book
79/18. South Australian Department of Mines and Energy, Government of South Australia, Adelaide.
Burnett, W. C., Aggarwal, P. K., Aureli, A., Bokuniewicz, H. J., Cable, J. E., Charette, M. A., Kontar, E.,
Krupa, S., Kulkarni, K. M., Loveless, A., Moore, W. S., Oberdorfer, J. A., de Oliveira, J., Ozyurt, N., Povinec,
P. P., Privitera, A. M. G., Rajar, R., Ramessur, R. T., Scholten, J., Stieglitz, T., Taniguchi, M., and Turner, J.
V., 2006. Quantifying submarine groundwater discharge in the coastal zone via multiple methods. Science of
the Total Environment 367, 498-543.
Cable, J. E., Burnett, W. C., Chanton, J. P., and Weatherly, G. L., 1996. Estimating groundwater discharge
into the northeastern Gulf of Mexico using radon-222. Earth and Planetary Science Letters 144, 591-604.
Charette, M. A., Moore, W. S., and Burnett, W. C., 2008. Uranium- and Thorium-Series Nuclides as Tracers
of Submarine Groundwater Discharge. In: Krishnaswami, S. and Cochran, J. K. (Eds.), U-Th Series Nuclides
in Aquatic Systems. Elsevier Ltd., Amsterdam.
Cook, P. G., Favreau, G., Dighton, J. C., and Tickell, S., 2003. Determining natural groundwater influx to a
tropical river using radon, chlorofluorocarbons and ionic environmental tracers. Journal of Hydrology 277, 7488.
DfW, 2011. McLaren Vale Prescribed Wells Area groundwater status report 2009-10. Department for Water,
Government of South Australia, Adelaide.
Hancock, G. J., Webster, I. T., and Stieglitz, T. C., 2006. Horizontal mixing of Great Barrier Reef waters:
Offshore diffusivity determined from radium isotope distribution. Journal of Geophysical Research 111,
C12019.
Lamontagne, S., Le Gal La Salle, C., Simmons, C. T., James-Smith, J., Harrington, N., Love, A. J., Smith, A.
J., Hancock, G. J., and Fallowfield, H. J., 2005. Estimation of groundwater and groundwater N discharge to
the Adelaide Coastal Waters Study area. ACWS Technical Report No. 4. Prepared for the Adelaide Coastal
Waters Study Steering Committee by the Flinders Centre for Coastal and Catchment Environments.
Lamontagne, S., Le Gal La Salle, C., Hancock, G. J., Webster, I. T., Simmons, C. T., Love, A. J., JamesSmith, J., Smith, A. J., Kämpf, J., and Fallowfield, H. J., 2008. Radium and radon radioisotopes in regional
groundwater, intertidal groundwater, and seawater in the Adelaide Coastal Waters Study area: Implications
for the evaluation of submarine groundwater discharge. Marine Chemistry 109, 318-336.
Martin, R. R., 1998. Willunga Basin - Status of groundwater resources 1998. Report Book 98/28, Primary
Industries and Resources South Australia, Government of South Australia, Adelaide.
Martin, R. R., Wallis, I., and Middlemis, H., 2006. Hydrogeology and groundwater numerical model for the
McLaren Vale Prescribed Wells Area. Adelaide and Mount Lofty Ranges Natural Resources Management
Board, Government of South Australia, Adelaide.

62

Moore, W. S., 2000a. Determining coastal mixing rates using radium isotopes. Continental Shelf Science 20,
1993-2007.
OCWMB, 2000. Water allocation plan for the McLaren Vale Prescribed Wells Area. Onkaparinga Water
Management Board, Government of South Australia, Adelaide.
PIRSA, 1998a. Enchilada 1 well completion report, submitted by Canyon (Aust) Pty Ltd. Open File Envelope
No. 7566/6, PEL 53 Stansbury Basin. Primary Industries and Resources South Australia, Government of
South Australia, Adelaide.
PIRSA, 1998b. Frijole 1 well completion report, submitted by Canyon (Aust) Pty Ltd. Open File Envelope No.
7567/6, PEL 53 Stansbury Basin. Primary Industries and Resources South Australia, Government of South
Australia, Adelaide.
SA Water, 2011. Aldinga wastewater storage and recovery scheme. South Australian Water Corporation,
Government of South Australia, Adelaide. Viewed 30/09/2011.
<http://www.sawater.com.au/SAWater/WhatsNew/MajorProjects/Aldinga_WSR.htm>
Short, M.A., 2011, Submarine Groundwater Discharge from the Willunga Basin, South Australia., Honours
Thesis, Flinders University of South Australia.
Tindale, N. B., 1987. The wanderings of Tjirbruki: A tale of the Kaurna people of Adelaide. Records of the
South Australian Museum 20, 5-13.

63

6 Developing a Methodology to Facilitate Social
Learning in Groundwater Management Systems
Sondoss El Sawah, Michael Mitchell, Joseph Guillame

6.1 Introduction
Social learning is an essential mechanism for adapting to the growing pressures on groundwater resources,
such as changes in climate conditions and their impacts on groundwater levels. Social learning is an
interactive and iterative process through which agencies and stakeholder groups (policy makers, scientists,
interest groups, users and communities) work closely to share knowledge and views to improve system
understanding and management (See Figure 6.1). Social learning promotes collective understanding and
ownership of management interventions. To support adaptive management and proactive planning, social
learning needs to provide stakeholders with the capacity to envisage future changes, explore, and plan
measures that allow them to make more informed decision and adapt to critical uncertainties.

Figure 6.1: Social learning is an interactive process

6.2 Project Objectives and Approach
The objective of this project is to develop and evaluate a methodology to be used for promoting social
learning about the future of groundwater management policies in the Willunga Basin. Towards this objective,
the methodology combines three interweaved approaches: scenario planning, stakeholder engagement, and
integrated modelling.
 Scenario planning is a strategic planning approach to explore the uncertainty surrounding the future
consequences of a decision. In the context of uncontrollable and irreducible uncertainty, such as
groundwater management, scenario planning enables decision makers to articulate and evaluate future
events in terms of alternative plausible pathways rather than a single predicted state.
 In stakeholder engagement approaches, a range of techniques (e.g. interviews, workshops,
questionnaires) are used to involve stakeholders in the decision-making and research processes. The
rationale for stakeholder engagement includes: legitimizing the process outputs (e.g. decisions,
knowledge), improving system understanding by incorporating different local knowledge sources, and
facilitating implementation by increasing output ownership.
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 In integrated modelling, knowledge from multi-disciplinary fields is integrated to assess the ecological and
socio-economic policy outcomes. In a participatory context, integrated models help promote shared
understanding of the complexity of socio-ecological systems and trade-offs among stakeholder’s values.

6.3 Expected Outputs and Impacts
Expected project outputs include:
 stakeholder engagement methods allowing for direct and ongoing input to achieve research (e.g. inform
project design, improve outputs’ credibility) and stakeholder-related outcomes (e.g. improve system
understanding);
 methods allowing for effective identification and representation of a broader range of socio-economic,
environmental and cultural issues;
 future-visioning tools (e.g. cognitive mapping, scenarios, integrated assessment models) for thinking and
communicating about envisaged future changes and management decisions;
 evaluation methods (e.g. program logic, risk-based auditing tool) allowing for ongoing and transparent
reflection on the process’ outputs and outcomes; and
 in conjunction with outputs from other NCGRT case studies, a practical guide to the use of integrated
modelling methods at various contexts (i.e. what worked, what did not work, why)
Expected stakeholder related impacts include:





improving stakeholder engagement in the water allocation planning process,
promoting a shared understanding of what are sustainable groundwater extraction levels,
understanding the whole range of stakeholder views related to sustainable groundwater use, and
facilitating a science-informed dialogue among stakeholders and policy makers about trade-offs under
plausible future scenarios.

The science related impacts of this project will include:
 improving the way groundwater models are designed and used in decision making, including how
uncertainty is managed and communicated,
 contributing to the theory and practice of using systems thinking methodologies in tackling groundwater
management issues, and
 contributing to the theory and practice of using participatory modelling to promote social learning.

6.5 Methodology
The project cascades through a sequence of participatory, modelling and evaluation activities in order to
ensure a continuous interaction and feedback between the modelling team, policy makers and stakeholders
(Figure 6.2). The application and evaluation of methods and tools are considered as a part of an ongoing
learning and adaptation process that is essential to social learning and adaptive groundwater management.
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Figure 6.2: The project cascades through a series of participatory activities.

Scoping Visit
In October 2010, we conducted a four day visit to the Willunga Basin area. The objective was to “get a sense”
of the Basin and how the water management system works (i.e. physical, historical, and social context).
During the visit, we conducted a series of informal/formal meetings and interviews with a number of
stakeholders and interest groups:






Planning authorities (Natural Resource Management board, Onkaparinga Council)
Non-governmental groups (land care and environmental groups)
Groundwater users (stock and domestic users, viticulture)
A local expert in groundwater planning
Willunga Basin Water Company

The visit concluded with a feedback session, where the research team invited interviewees to share the visit’s
outcomes and sought their views about the project’s objectives and future directions. Based on the data
collected, we developed a conceptual model to map the groundwater management systems in terms of:
drivers of change, system states, relevant impacts, and responses (See Figure 6.3). This framework was
used as a vehicle for communicating about how the integrated model may look (it’s components) and how it
may be used.
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Figure 6.3: A conceptual model to identify and structure the groundwater system in the Willunga Basin.

First Workshop
In March 2011, we conducted a workshop to collect the different views that stakeholders may have about the
groundwater management system for the Willunga Basin. The workshop was divided into four parts: (1)
eliciting participants’ expectations about the project and how they may make use of expected outputs, (2)
sharing and reflecting on the conceptual model developed after the scoping visit, (3) introducing the concepts
of integrated modelling, and (4) dividing up the Basin according to spatial differences and identifying areas of
interest. A feedback report was sent to participants a few weeks after the workshop. We used outputs from
the workshop to develop a preliminary design model of the integrated model components (See Figure 6.4).

Second Workshop
In May 2011, we conducted a second workshop with the aim to have a more focused discussion about the
integrated model and the type of input scenarios and output indicators that can be built into the model. During
the workshop, participants took part in a number of activities to identify key scenarios and output indicators.
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Figure 6.4: Preliminary design of the integrated model.

Third Workshop
In March 2012, we ran a workshop to bring together a number of experts on Groundwater Dependent
Ecosystems (i.e. from CSIRO, NRM board, Department for Water (now the Department of Environment,
Water and Natural Resources), NCGRT, SKM) to discuss the design and implementation of the ecological
component. We shared with experts the alternative approaches for GDE modelling and sought their feedback
on the best approach to be used for Willunga in terms of the system’s nature, data availability and
stakeholder’s interest. Experts provided useful feedback that was used to guide the implementation of the
GDE model, including:
 Considering functional groups (rather than individual species) with the same groundwater requirements.
Functional groups, as defined in the Ecological Associates and SKM (2012) report, were recommended as
a good starting point. These include:
Group 1: Perennially Saturated, Intolerant of Flow
Group 2: Perennially Waterlogged, Tolerates Flow
Group 3: Perennially Saturated, Seasonally Flooded
Group 4: Alternatively Waterlogged and Drained Soils
Group 5: Shallow Watertable below Drained Soils.
 Taking a habitat suitability approach to assess the suitability of sites for each of the functional groups
 Developing a conceptual model to incorporate all processes and drivers (not only groundwater) as well as
interacting ecological functions.
Most participants agreed that regional scale groundwater models are likely to be too coarse to effectively
provide input to site-specific ecological models, and suggested developing a set of more fine-detailed
groundwater models for a number of sites.
Based on outcomes from the workshop, we developed a conceptual model to map out the key factors that
may affect the suitability of an area to support the habitat for different GDE groups (See Figure 6.5).
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Figure 6.5: Willunga Basin GDE Habitat Suitability Bayesian Network
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6.6 Next steps
In August 2012, we ran a series of semi-structured interviews with a number of stakeholders in
order to gain an in-depth understanding of their beliefs, values, and views about groundwater
management and plausible future changes. Cognitive mapping, a knowledge elicitation and analysis
technique, will be used to map out the assumptions that individuals and groups have about: how the
system works, what factors affect future changes, resulting opportunities and vulnerabilities, and
alternative courses of action. The cognitive mapping exercise will incorporate three phases: data
collection, coding and interpretation, and mapping and analysis. Outcomes from the cognitive
mapping exercise will provide the basis for fleshing out scenarios that are most relevant to
stakeholders.
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7 Review and Redevelopment of the Regional
Groundwater Flow Model
Nikki Harrington

7.1

Existing Numerical Groundwater Flow Model

A numerical groundwater flow model for the Willunga Basin was developed by Martin et al. (2006) as a tool
to assess groundwater management scenarios in the McLaren Vale Prescribed Wells Area, which
encompasses the Willunga Basin. The development of the model included an extensive review of all
available hydrologic data and construction of a detailed conceptual model for the study area. The preexistence of these conceptual and numerical models is of great benefit to the Super Science project as they
may be used immediately to identify where the critical uncertainties in the regional conceptual flow model
are.
Details of the hydrogeological conceptual model of the McLaren Vale Prescribed Wells Area and the
numerical model design, input data and outcomes are described in Martin et al. (2006). The numerical
model, constructed in the MODFLOW-96 code (Harbaugh and McDonald, 1996) and the Visual Modflow
platform (Waterloo Hydrogeologic 2005), consists of 5 layers, representing the fractured rock aquifer, the
Maslin Sands aquifer, the Blanche Point Formation aquitard, the Port Willunga Formation aquifer and the
Quaternary aquifer (Figure 7.1). The boundaries of the model domain follow the Prescribed Wells Area
boundary, being the Onkaparinga River in the north, the top of the Sellicks Hill Range in the south-east and
the coast in the west (Figure 7.2). The model domain is divided into 280 rows and 280 columns, forming 100
m x 100 m grid cells (Figure 7.2).

Figure 7.1. Model layers and hydraulic conductivities.
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Figure 7.2 Model domain, boundaries and grid.

The model includes the best knowledge and data available at the time on steady state rainfall recharge and
transient irrigation recharge, groundwater extraction, aquifer properties and surface water – groundwater
interactions (Martin et al., 2006). However, despite the extensive effort put into the development of the
conceptual model and the large quantity of data upon which the numerical model is based, large
uncertainties in the water balance were acknowledged as major limitations. Vast gaps in the understanding
of the hydrogeologic system in the Willunga Basin were highlighted by the fact that discrepancies between
modeled and observed heads in the steady state model were up to 12 m, with an average of 5 m. The
model was also unable to adequately simulate many of the trends in the transient observation well head
data. These discrepancies were not considered to affect the outcomes of the model in relation to its original
objective, which was to estimate a regional-scale sustainable yield for the Willunga Basin. However, they do
suggest that there is a broad scope for improvement of the conceptual model of the Willunga Basin.

7.2

Review of the Model and Plans for Redevelopment

A regional scale numerical groundwater flow model would be of great use to many of the research projects
being carried out in the Willunga Basin. The objectives of such a model could include (i) identifying
groundwater flow paths and quantifying flow rates to assist with planning field investigations, (ii) acting as a
basis for the interpretation of environmental tracer data, (iii) providing boundary conditions for smaller scale
models constructed to understand local flow systems around groundwater dependent ecosystems (GDEs) or
seawater intrusion. Because of its inability to reproduce observation well hydrographs, the current model is
not considered to be adequate to address these objectives. A project to redevelop the numerical model,
incorporating new data and knowledge from the Super Science project, is currently being considered.
Possible improvements to the model include:
 Revision of the model grid, particularly refinement of the finite difference mesh, in areas where
hydrogeological units are steeply dipping, to improve cell overlap and reduce the problem of cells drying
out and re-wetting issues.
 Updating the stratigraphy model with new data from the Super Science drilling program.
 Updating groundwater extraction data post-2006.
 Updating the calibration data sets, particularly the groundwater responses to the recent low-rainfall years.
72

 Improving the implementation of the Onkaparinga River, which forms the northern boundary of the model
domain to better reflect topography.
 Reviewing the implementation of Pedler Creek and other minor water courses, which appear to contribute
excessively to the water budget in the original model set-up.
 Review the conceptualisation and implementation of the Willunga Fault. In the original model, the fault is
implemented as a low hydraulic conductivity wall. Hydraulic head data suggests that flow may occur
across the fault in some places and that dividing the fault into zones of different hydraulic conductivity
would be warranted.
 Applying automated calibration using PEST (Doherty, 2010).
Outcomes from ongoing and future NCGRT research projects in the Willunga Basin could also feed
iteratively into model development, providing information on inter-aquifer leakage, flow across the Willunga
Fault and surface water – groundwater exchange that will improve the conceptual model and model
calibration. This model redevelopment project would ultimately return a product to stakeholders that could be
used more confidently to assess the regional water balance and flow dynamics.
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8

Ongoing and Future Work

A range of projects are planned to be carried out at the Willunga Super Science site over the next two years.
The following two projects that have recently commenced, and focus on the regional groundwater flow
system.

8.1

Age Tracers to Determine Groundwater Residence Times
Michelle Irvine, Peter Cook, Glenn Harrington

This project involves the collection of water samples from various components of the regional water balance
for the Willunga Basin, including surface water, rainwater, and groundwater from the Quaternary, Port
Willunga and Maslin Sands aquifers. The project is making use of existing groundwater observation wells
and the newly installed Super Science observation wells and rainfall collectors. All samples are being
analysed for a suite of environmental tracers, including major ion chemistry and the stable isotopes of water.
Groundwater samples are also being analysed for carbon-14 and carbon-13, strontium isotopes and helium4. Interpretation of the tracer signatures will help to constrain groundwater flow paths, groundwater ages and
recharge processes at a regional scale.
Carbon-14 and helium-4 are both tracers suitable for determining residence times greater than 10 000 years,
and samples for analysis of these tracers will be collected along the regional flow path in both regional
aquifers of the study area. Carbon-14 is a reactive tracer, and helium-4 is cumulative but not reactive so will
be used as a comparison. A combination of hydraulic methods and these age tracers will be used to
determine groundwater residence times in the three main regional aquifers, providing calibration data for the
regional groundwater flow model.
Major ion and strontium isotope signatures of the regional aquifers will characterize the solute reactions that
are occurring along the groundwater flow paths, and determine zones where mixing may occur between
overlying aquifer units. Mixing ratios between the regional aquifer overlying the fractured rock basin will be
determined using a geochemical mixing model to identify how these aquifers interact.

8.2

The Role of Aquitards in Controlling Hydraulics in a Multi-layer
System
Michelle Irvine, Peter Cook, Glenn Harrington

There is currently very little known about the occurrence and magnitude of inter-aquifer leakage across the
aquitard separating the Port Willunga Formation and Maslin Sands aquifers. Interpretation of the
hydrochemistry of groundwaters in the two aquifers has been inconclusive in determining whether interaquifer leakage occurs (Herczeg and Leaney, 2002). The planned drilling of seven nested monitoring wells
along a regional groundwater flow path (Figure 1.4) will include collection of sediment cores through the
aquitard (Blanche Point Formation). Construction of chemical profiles through the aquitard at different
locations (and hence under different vertical hydraulic gradients (Table 7.1)), and reconciliation of these with
chemistry data collected from the observation wells in the adjacent aquifers, should provide valuable
information on the occurrence of inter-aquifer leakage and whether this occurs by diffuse or preferential flow.
Core samples will be collected at intervals of 5 to 10 m, depending on drilling conditions and core recovery,
and pore waters will be analysed for chloride, helium-4 and the stable isotopes of water (δ18O and δ2H).
Table 8.1 shows the characteristics of the sites at which the cores will be collected.
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Table 8.1 Estimated characteristics of the aquitard at the proposed sites for core collection.

Drill Site
DS1
DS2
DS3
DS4
DS5
DS6
DS7

Estimated
aquitard thickness
(m)
72
92
92
55
55
4
27

Estimated
Hydraulic gradient

Direction

0.013
0.173
0.054
0.090
0.018
2.75

upwards
down
down
down
down
upwards

The vertical chemistry profiles will be numerically simulated to determine the dominant mechanism of solute
transport across the aquitard at differing hydraulic gradients and directions. The vertical profiles will be used
to infer the chemical evolution of pore waters. This data will be used to constrain the regional groundwater
model.

8.3

Future Activities

The following projects are planned for the next two years:
 Further assessments of surface water – groundwater interactions around Pedler Creek, using the current
infrastructure, as well as 18 new piezometers that will be installed shortly.
 Studies of groundwater flow across the Willunga Fault, using a transect of 12 piezometers to be installed
soon.
 Field assessment of seawater intrusion using a transect of 8 wells to be installed in the Port Willunga
Formation.
 Incorporation of new knowledge into the regional groundwater flow model.
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