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natural resources, ranging from policy leadership to orground delivery in consultation with government,
industry and communities.

High-quality science and effective monitoring provides the foundation for the successful management of
our environment and natural resources. This is achieved through undertaking appropriate research,
investigations, assessments, monitoring and evaluation.
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LandscapeBoards and the community ensures that there is continual capacity building across the sector,
and that the best skills and expertise are used to inform decision making.
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A numerical groundwater flow model covering the Tertiary Limestone Aquifer (TLA) and Tertiary Confined
Sand Aquifer (TCSA) in the Lower Limestone Coast Prescribed Wells Area (LLC PWA) has been developed.
The modelling builds on previous work including theegional model developed by Morgan et al. (2015) and

its associated datasets. The model differs from that developed by Morgan et al (2015) by implementing a
finer grid (250 x 250 m cells) and coarser temporal (biannual stress periods) resolution. The puspoof the
modelling is to inform regional scale understanding of groundwater resource condition and potential future
scenarios to help inform amendment of the LLC Water Allocation Plan (WAP).

While focused on the LLC PWA, the model domain extends east into Victoria capturing parts of the Border
Designated Area, as well as north into the Padthaway PWA and the southern margin of the Tatiara PWA.
However, as the focus of the modelling is the LLCWA, the model is not intended to be used for simulation

or prediction in these fringing areas.

The model has been calibrated using an iterative manual and automated approach. This involved manual
model development and simulation, followed by automated aquifer parameter estimation with PEST,
followed by manual assessment of modelling performance agaist conceptual understanding, until a
suitable level of calibration was achieved.

The model is large (>1x10cells) and simulates processes and trends captured by more than 50 years of
groundwater level monitoring data (137,870 groundwater level measurements from 1466 wells) as well as
decades of research and investigation into groundwater processes in the LLChis report is relatively brief
and does not document every detail of modelling performance. Rather it serves to document the model
design and build and act as a reference point for future modelling use. Several recommendationg floirther
work have been made, including model postuditing, development of scenarios in consultation with the
Limestone Coast Landscape Board, and further work on modelling sensitivity and uncertainty.
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In the Lower Limestone Coast Prescribed Wells Area (LLCPWA), groundwater is managed through the Lower
Limestone Coast Water Allocation Plan (LLCWAP, SENRM 2013). Groundwater is allocated from two main
aquifer systems, the Tertiary Limestone Aquifer (TLANnd the underlying Tertiary Confined Sand Aquifer
(TCSA). Allocation and management in the LLCWAP of groundwater resources from the TLA has been based
on estimates of groundwater recharge and sustainability, while allocations from the TCSA have been based
on groundwater modelling investigations of pumping impacts on the TCSA (SENRM 2013; Brown, 2000).

A 2019 review of the science underpinning the LLCWAP recommended groundwater modelling to asstss
risk and quantify impacts to the groundwater resource and the users that rely on it (Simmons et al 2019). In
implementing these recommendations ahead of the review of the LLCWAP, DEW has developed a series of
subregional groundwater models forthe parts of the TLA where there is the most development and
historically the most decline in groundwater level (DEW 2023a; 2023b; Waclawik and Wood, 2024). These
models deal with specific subregional issues in the TLA at relatively fine scales and do not simulate the
underlying TCSA.

This report details the construction and calibration of a regional scale model of the TCSA through the
LLCPWA. The study area presented herein extends into Victorirfor! Reference source not found. ) to ¢
apture the inflow processes and in acknowledgement of the Border Groundwater Agreement between
Victoria and South Australia. However, the primary interest is the performance of the groundwater modiagy
within South Australia for the purposes of assisting in the review of the LLCWAP. While the main aim of the
modelling is to simulate and allow for scenarios to be run in relation to management of the TCSA in the LLC
PWA, significant effort has gone into achieving good performance in the overlying TLAerefore the model
developed here can be used to simulate groundwater levels in parts of the TLA not already covered by the
subregional models. It also provides an objective estimate of the water balance #te regional scale.
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This report focuses on the Lower Limestone Coast (LLC) Prescribed Wells Area (PVWjof! Reference s
ource not found. ); hence it deals exclusively with the groundwater resources managed under the Lower
Limestone Coast Water Allocation Plan (WAP). These are the upper Tertiary Limestone Aquifer (TLA) and the
underlying Tertiary Confined Sand Aquifer (TCSA). For managemehg two aquifers are subdivided into 61
management areas for the TLA and 13 management areas for the TCSA. Though not necessarily relevant to
modelling groundwater flow, the management areas provide useful spatial references and are presented in
Error! Reference source not found. and Figure2.2.

There have been many groundwater research, monitoring and modelling investigations conducted in the
Lower Limestone Coast over the past 50 years. With relevance to the development of groundwater models,
several reports summarise key aspects of the hydrogdogical conceptualisation of the region, including
Harrington, Wood and Yan (2011), Harrington and Lamontagne (2013), Morgan et al. (2015) and DEW (2021).
Consequently, a complete review of the hydrogeology of the Limestone Coast, summarising all previous
studies, is not presented here. Instead, key aspects of the conceptual model relevant to the development of
the groundwater model are summarised.

22 9GRGC QW

The Limestone Coast can be characterized as having a Mediterranean climate with hot, dry summers and
cool, wet winters. Rainfall is typically higher in the southern parts of the study area and lower towards the
north, ranging from 713 mm/y at Mount Gambieto 517 mm/y at Padthaway.Figure2.3 plots the annual
rainfall and cumulative deviation in mean annual rainfall for a number of locations across the study area.
While each rainfall station has varying lengths of data recorded, only data from 1970 are shown here. This is
because this study deals with the groundwater system where groundwater level observations are generally
only available from the 1970s onwards. Several features related to rainfall trends can be observed in
Figure2.3.

9 Higher annual rainfall in the southern and higher elevation areas (Mount Gambier and Millicent), and
lower rainfall towards the north (Padthaway and Frances).

9 A trend of declining rainfall since 1970 for some areas with noted variability. Mount Gambier shows
declines from the 1970s, while Millicent, Penola and Robe show declines from the 1990s. Frances
and Padthaway show declines from the 2000s onwards.

9 Four out of six locations have their lowest rainfall for the record (since 1970) in 2006, the middle of
the Millennium Drought. All locations show some recovery in trend around 2010 associated with the
end of the Millennium Drought.

1 Alllocations show very low rainfall in 2015, followed by above average rainfall in 2016 with half of the
locations recording the highest rainfall since 1970 in 2016.
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Figure 2.3. Rainfall data and trends for selected stations in the study area
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Soil type varies across the regiorwhich influences groundwater recharge (Allison and Hughes, 1978).
Recharge is typically higher under thin and skeletal soil types and decreases with increasing clay content in
the soil profile (Wohling, Leaney & Crosbie, 2012). Soil type also influences land yder example, areas
associated with terra rossa soil profiles, such as those in Coonawarra, are typically associated with
vineyards. Plantation forests typically target sandy soil profiles.

Prior to European settlement, approximately 50% of the study area was seasonally or permanently flooded
wetlands (SENRMB/SEWCDB 2019). However, land use changes and drainage since European settlement
have altered this significantly. Currently the main landise throughout the study area is unirrigated pastures

DEW Technical report 2025/16 6
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typically used for grazing. Other major land uses include plantation forestry, native vegetation, irrigated
areas and areas defined as water bodies or wetlands. Irrigated areas can be further subdivided into crop and
irrigation type, for example irrigation of vineyards in Coonawarra via drip irrigation and irrigation of dairy
pasture with centre pivots south of Mount Gambier. Land use has varied over time (Harrington et al, 2015)
with important implications for groundwater level trends in the ara. The folowing lists some of the key
periods of change

T

1860 onwards: Drainage of the landscape in the Limestone Coast commenced via constructed
drains. Over time, this resulted in a large reduction in wetland areas across the region with the
current extent of wetlands estimated to be less than 10% of what wasriginally present prior to
drainage (Harding, 2014). While the commencement of drainage pr@ates the start of groundwater
level monitoring in the 1970s, the drainage network has ongoing interactions with groundwater
throughout the study area. Changes igroundwater level over time have also impacted drain flows
in some areas (Cranswick and Herpich, 2018).

1969 onwards: Clearance of native vegetation in parts of the upper Limestone Coast, particularly the
Padthaway Ranges and management areas of Beeamma, Bangham and Hynam East. This led to an
increase in recharge as the native vegetation was replaced with paure and irrigation.
Consequently, groundwater levels in some of these areas rose from the 1970s to 1990s with the
timing and peak of groundwater level rise related to depth to groundwater and soil type (Wohling et
al., 2006).

1983: Ash Wednesday fires destroyed parts of the plantation forest area, particularly in the Zone 2A
management area. Increases in groundwater level were observed following this as recharge
increased with no plantation present. Groundwater levels declinedagain in the 1990s after the
forests were replanted.

2000-2005: Increases in the area covered by Tasmanian blue gum plantations in the central LLC,
particularly the management areas of Coles and Short. Studies by CSIRO at the time (Benyon and
Doody, 2004) quantified rates of recharge interception and groundater extraction by plantation
forest in the area.Large parts of the blue gum plantation area were clearedround 2016leading to
groundwater level recovery in some of these areas.

2000-2005: General increases in irrigation activity in several areas. Groundwater extraction was not
metered until 2007108, so there is no record of increases in volumetric extraction. However,
estimates have been derived based on drillhole records, showin an increase in decadal average
extraction from the TLA from 88 GL/y in the 1990s to 156 GL/y in the 2000s (Harrington and Li, 2015).
Land use records based on aerial photography also show increases in irrigation activity in several
areas, such as the incease in irrigated dairy in coastal areas south of Mount Gambier (DEW, 2023).

2016: Significant areas of hardwood plantation forest area have been cleared since ~2016 with rises
in groundwater levels in Wattle Range observed as a result.iSlelearance follows the rotation length
for Tasmanian blue gum of 10 years from planting to cledelling (SENRMB, 2013).

Some of these changes can be seen iRigure2.4 which shows interpreted 1969 land use from Harrington

et al. (2015) alongside 5year average land use from SA Land Cover data sets for 1999 and 2010615
(Willoughby et al. 2018). In viewingigure2.4, it should be noted that the land use data sets are derived
via different methods. The data derived by Willoughby et al (201&)e at a much finer resolution than that
presented for 1969 hence, finer scale detail in native vegetation cover is apparent. Nevertheless,
reduction in native vegetation cover in the northeast of the PWAas well as anincrease in irrigation and
plantation forest areas are both apparent from these maps. The Land Cover SA data sets do not extend
into Victoria; hence, data for Victoriaare not presented.

DEW Technical report 2025/16 7
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- Native Vegetation
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*Harrington, N, Millington, A, Sodahlan, ME and Phillips, D, 2015, Development of Preliminary 1969 and 1983

Land Use Maps for the South East of SA, Goyder Institute for Water Research Technical Report Series No.
15/16.

**Willoughby N, Thompson D, Royal M, Miles M (2018) South Australian Land Cover Layers: an Introduction

and Summary Statistics. DEW Technical report 2018/01. Government of South Australia, Department for
Environment and Water, Adelaide.

Figure 2.4. Land use change over time in the LLC PWA
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The study area encompasses the Gambier Basin and part of the Murray Basin. For the purposes of this study,
the geology of the two basins can be considered analogous. Barnett et al. (2015) describe the geology of the
study area in detail and a summary withieference to groundwater model layers used here is presented in
Table 2.1.Figure2.5 summarises the key surface geology units. The geology to the east of the study area in
the Dundas Plateau of Victoria is complex, and; hence, areas outside of the study area are not described or
presented inFigure2.5.

Surface geology is generally dominated by Quaternary and Tertiary limestones and sands. The Quaternary
Padthaway and Bridgewater Formations cover much of the study area. The Bridgewater Formation occurs
as stranded dune ridges of calcarenite, while the Pattaway Formation is a shallow marine limestone
present between these dune ridges. To the east of the study area, as the elevation increases, surface geology
is dominated by various sand units (Parilla and Molineaux sands). The Tertiary Limestone unit ifened to

as the Gambier Limestone in the south of the study area, the Murray Group Limestone in the north, and the
Port Campbell Limestone in Victoria.

Basement granite outcrops in the north of the study area are associated with the underlying Padthaway
Ridge. In the south of the study area there are areas of younger volcanics around the Mount Burr range,
Mount Gambier and Mount Schank. A very small outop of the Tertiary Dilwyn Formation occurs norttwest

of the Mount Gambier volcanics, associated with the Tartwaup fault zone.

There are aquifers beneath the Dilwyn Formation, ranging in age from the Late Jurassic, Early and Late
Cretaceous and Tertiary agesThese are sometimes referred to as the Otway Group and include the
Eumarella Sandstone and Pretty Hill Sandstone (Barnett et al 201%)owever, these aquifers are generally
not used for water supply due to their depth and higher salinitysENRM 2013 The Otway Group is overlain

by the mudstone, claystone and sand of the Sherbrook Group. Given the lack of data on and developrhe

of these deeper units they are not considered further in this model or report.

DEW Technical report 2025/16 9
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Epoch Geological unit T Gambier Basin Geological unit T Murray Model layer
Basin (aquifer)
Quaternary Padthgway Formation _ _ Woorinen Sgnd _ _
Off-white, well cemented, fine-grained Red-brown fine-grained sand )
limestone with well-developed secondary =l
porosity <
Bridgewater Formation Loxton-Parilla Sand %
Cemented shelly aeolianite Quartz sand, stranded beach ‘g
ridges £
Coomandook Formation -
Fine-grained sand and sandstone E
Tertiary Gambier Limestone Murray Group Limestone E
Fossiliferous limestone with interbedded | Fossiliferous limestone, silt <
marl and flint and clay -
Narrawaturk Marl Ettrick Marl
Carbonaceous silt and sandy clay Glauconitic marl
Mepunga Formation -
Goethitic quartz grit 8 T
Dilwyn clay Renmark Clay 5 8
Carbonaceous and micaceous mudstone | Carbonaceous silts, clays, £ 3
lignite o<
Dilwyn Sand Renmark Group Sand
Fine to coarse grained sandvith clay Quartz sand and silt >
interbeds interbedded with clay .g E <
EETS
w G 6
Table 2.1.  Geology of the study area relevant to model layers
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The hydrogeology of the study area is generally simplified into there being two main aquiferthe upper
Tertiary Limestone Aquifer (TLA) and the lower Tertiary Confined Sand Aquifer (TSCA). The two units are
separated by a Tertiary Clay Aquitard~{gure2.6). Groundwater in both aquifers generally flows towards the
coast. Regionally, groundwater levels are generally higher in the TLA than the TCSA in the east with the
potential for downwards leakage (Figures 2.7 and 2.8). In the western and southern partstioé study area,

the potentiometric surface in the TCSA is higher than the water table in the TLA and artesian in places. The
delineation between these potentiometric surface conditions is referred to as the zero head difference (ZHD,
Figure2.6).
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E Tertiary Limestone Aquifer - Bryozoal and shaly limestone of the Gambier Limestone also contains
undifferentiated Bridgewater and Padthaway Formations at top of sequence

Confining bed - Undifferentiated Narrawturk Marl and Mepunga Formation, marly at top, clay near base,
minor thin sand beds

Tertiary Confined Sand Aquifer - Sand and gravel bed with minor clay

Eumeralla Formation - Mudstones thick and low permeable considered to act as hydraulic basement

Kanmantoo Group - Metasediments and granite act as hydrailic basement

Figure 2.6. Hydrogeological cross section based on Love, Armstrong and Stadter (1992)
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The TLA consists of the Gambier and Murray Group Tertiary Limestone units and the overlying Quaternary
units of the Padthaway and Bridgewater Formations and other units such #éise Parilla Sand where present
(Table 2.1). There is no significant aquifer confinement between these units and they are generally grouped
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together as a single unconfined aquifer hydrostratigraphic unit. For practical, as well as management
purposes, they are considered one continuous aquifer. The aquifer is karstic and cavernous in some areas;
however, porous medium flow is thought to be the dominant flow process at the regional scale (Holmes and
Waterhouse, 1983). Reported transmissivity varies from 2 to 50,000%d. Hydraulic conductivity derived
from these values ranges from 0.1 to 5000 m/d with a geometric mean of 22 m/d (based on 374 odpd
values, DEW 2023a). The higher hydraulic conductivity values are few, with 96% of estimates <750 m/d.
Specific yield is generally accepted to be 0.1, based on textbook values for limestone used for recharge
estimation (Brown, Harrington and Lawson 206; Crosbie et al. 2015) and through several transient
modelling studies (DEW 2023 ap) but may vary spatially across the region.

Groundwater generally flows towards the coast in the TLAIQure2.7). The water table gradient is steep along
the break of slope associated with the Naracoorte Ranges and the Kanawinlaeament. The gradient is also
steep north of Mount Gambier associated with the Tartwaup fault. The TLA is generally thin to the northern
side of the fault with a small outcrop of Dilwyn Formation along the northvest of the Tartwaup fault. The
exact mechanism responsible for the steep gradient across the fault area is not known. Waterhouse (1977)
cite the change in aquifer thickness and likely change in aquifer properties as a cause, while Lawson et al
(2009) suggest some displacement in TLA subnits may be present. The aquifer increases in thickness
towards the coast and is up to 300 m thick in places (Barnett et al. 2015).
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The Narrawaturk Marl and Mepungd-ormations are typically referred to as the Tertiary aquitard in the
Gambier Basin, while the Ettrick Formation is the relevant unit in the Murray Basin (Barnett et al. 2015). In
both basins, stiff carbonaceous clays also occur near the top of the Dilwyand Renmark Formations which
also act as an aquitard unit. As presented in Barnett et al (2015), the aquitard is generally 5 to 50 m thick
through much of the study area.
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The TCSA consists of the Dilwyn Formation in the Gambier Basin and the Renmark Group Sand in the Murray
Basin (Table 2.1). The aquifer is thin to the north of the study area near Padthaway, thin on the eastern margin
near the Dundas Plateau, and generallyncreases in thickness towards the coast. The TCSA is a multi
aquifer system of interbedded sands and clays which is treated as one aquifer for management purposes.
There is scant information regarding any hydraulic separation between sand units in the TR SReported
hydraulic conductivity varies from 0.5 to 550 m/d, while specific storage (Ss) ranges fromif 6.5 x 10 m-
!(Morgan et al., 2015). As in the TLA, groundwater generally flows towards the coast in the TGBRI(e2.8).
Figure2.8 also demonstrates there is significantly less monitoring data available for the TCSA.
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Figure 2.8. Potentiometric surface for the Tertiary Confined Sand Aquifer in 2021
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Recharge is the main inflow process to the TLA and has been investigated extensively since the 1960s.
Recharge varies across the study area, influenced by rainfall, land use, soil type and depth to groundwater.
Detailed reviews of recharge studies in ther@a are provided by Wood (2011) and Crosbie et al (2015). At
the regional scale, the following summaries regarding recharge to the TLA can be made.

1 Recharge is generally greater in higher rainfall areas in the southern part of the study area,
decreasing towards the north (Brown, Harrington and Lawson, 2006).

1 Recharge is lower where the depth to water is greater (Brown, Harrington and Lawson, 2006; Fu et
al., 2019).

1 Recharge is lower where soil profiles have higher clay contents (Wohling et al 2006).
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9 Diffuse rainfall recharge is the main recharge process. However, large volumes of point source
recharge may occur in locations where karst features such as runaway holes drain runoff directly
into the aquifer (Cramer 1990; Leaney and Herczeg, 1993). Whilés may greatly influence
hydrograph behaviour and salinity locally, point source recharge is thought to be a relatively small
proportion of total recharge at the regional scale (Leaney and Herczeg, 1993).

1 Stormwater recharge through the city of Mount Gambier is an important recharge process for the
Blue Lake catchment.

1 Recharge has generally decreased since the 1970s following reductions in winter rainfall (Fu et al.,
2019). This is consistent with Figure 2.3.
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Groundwater recharge to the TCSA is likely to have occurred during padimate regimes with some
contemporary downwards leakage still occurring. However, this process is likely to occwnly in discrete
locations, and most likely only east of the zeréhead difference (ZHD Figure2.8), where the TCSA outcrops
(Figure2.5) and where the gradient between the two aquifers permits downwards leakage. Based on
previous studies, the following summaries of recharge to the TCSA can be made.

9 Stable isotope data for the TCSA shows more depletion with increasing carbei¥ age and plots
closer to the meteoric water line. This suggests thgparts of the confined aquifer, where carborl4
age is >10years, were recharged during a higher rainfall and/or colder climate (Love et al. 1992).

1 Love et al. (1993) identified the likelihood of downwards leakage to the TCSA in the area between
Naracoorte and the ZHD, based on increases in radiocarbon activity in the TCSA along a transect.
Further analysis of aquitard permeability demonstrated thatéakage through the aquitard is unlikely
to be significant and that downwards leakage is likely to occur through preferential pathways such
as faults (Love, Herczeg and Walker, 1996).

1 Subsequent modelling of groundwater flow and solute transport (simulating carboti4 activities)
along the transect through Naracoorte to Kingstonstudied by Love et al. (1993), estimated the
downwards leakage to be between 2.1 and 8.5 mm/y (Harrington et al., 1999). Morgan et al. (2015)
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upscaled these rates to volumes ranging from 20 to 80 GL/y while the total downwards leakage to
the TCSA simulated by their modelling in steady state was 317 GL/y.

1 Hydrochemical investigations between the two aquifers in the Nangwarry/Tarpeena area showed the
Gl 3t BURDWYnWh! YeUNRk WNI Ya Ul 5 ¢ qldl Wk H-G4lattivity)intbetly | Y &
aquifers which was absent in the aquitard (Brown, Love and Hamngton 2001). Based on this,
downwards leakage to the TCSA is hypothesised to occur in the Nangwarry/Tarpeena area through
preferential pathways such as faults or fractures rather than through the aquitard.

1 Numerous studies cite recharge to occur near the eastern boundary of the study area where the
?RiU5! UWlIYe qHI YGt WRUWERHQY!I RCHWI ¢ Gl YUWINGT Z b W 13
(Dilwyn Formation) along the Glenelg River in Victoria; hencepme recharge may occur here.
However, recharge processes and rates in this area have not been investigated and recharge is likely
to be low compared to the regional size and volume of the TCSA.

While there is an upwards gradient west of the ZHD with parts of the TCSA being artesian, treme=no data

or investigations which provide evidence of upwards leakage from the TCSA to the TLA. The regional
modelling of Morgan et al. (2015) simulated upwards flow to be 255 GL/y in this eastern part of the model
domain (east of the ZHD).
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Previous modelling studies on the Limestone Coast have found evapotranspiration of shallow groundwater
(within 2m of the ground surface) to be one of the biggest groundwater outflow processes (Morgan et al.,
2015). However, studies quantifying evapotranspiration from shallow groundwater have generally been
limited to modelling studies.

Evapotranspiration as a result of groundwater uptake by plantation forests is also a big part of the water
balance. Studies quantifying groundwater use by forest plantations have found that groundwater use may
occur where the groundwater level is within @n of the surface. Through licensing of plantation forests as
groundwater users, the LLCWAP accounts for direct extraction of groundwater by plantations. Accounting
models are described by Harvey (2009) and are based on an-Yéar forest age for hardwood frests
(harvesting after 11 yearsFigure2.9), and a 36 year forest age for softwood forests. Based on assumptions
regarding forest groundwater use derived from the work of Benyon and Doody (2004), the volume of
groundwater use allocated to plantation forests in the LLCWAP was 3@@L/y. This volume includes a
component of recharge interception, as well as direct extraction of groundwater where the water table is
within 6 m of the surface. Actual use by plantation forests accounted for by the Department for Environment
and Water by applying the accounting models described by Harvey (2009) have varied since licences were
issued in 2015, from 270 to 207 GL/y. Variations relatto changes in the area of plantation forest present
each year with clearing and rotations.
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Figure 2.9. Conceptual model of changes in groundwater recharge and extraction under hardwood plantation forest
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Groundwater discharge at the coast occurs via discharge through karst springs, beach seeps and springs,
and submarine groundwater discharge. Most data and information related to coastal discharge exists for the
coastal area directly south of Mount Gambier.Gauged discharges from karst springs which drain to the
ocean in this area have declined over time and have an average annual rate of ~94 GEigure2.10).
Submarine groundwater discharge has also been estimated in the same area to be approximately equal to
the volume of discharge from springs (Lamontagne et al. 2015). Total groundwater discharge is difficult to
guantify with the only regional scale estim& coming from the modelling work of Morgan et al (2015) of 980
GLlly.
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Figure 2.10. Karst spring discharge gauged at the coast in the area south of Mount Gambier
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Groundwater extraction varies spatially in the study areaHigure2.11). Large areas of extraction in the TLA
are generally associated with good quality groundwater and soil type. Much of the extraction occurs in the
Border Designated Area and the southern part of the Lower Limestone Coast. A high density of extraction
wells can also be seen at the break in slope between the Padthaway Ranges and Padthaway Flats. The main
area of extraction from the TCSA occurs where the aquifer is artesian, east of Kingston and Robe. Elsewhere
there are isolated locations of extraction assocated with town water supply, industrial use and irrigation.
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Groundwater extraction also varies temporally. Metered groundwater extraction data have generally only
been available since 2009. Based on metered groundwater extraction data and thecord of irrigation well
construction over time, Harrington and Li (2015) estimated how groundwater extraction has changed over
time in the study area Table2.2). For the TCSA, historical estimates used in modelling studies of the TCSA
are also presented inTable2.2 (Brown, 2000; Wood and Pierce, 2015).

Time period Tertiary Limestone Tertiary Confined
Aquifer (GL/y)* Sand Aquifer
(GLy)y**

1970-1979 29.36* 13**

1980-1989 58.78* 15**

1990-1999 112.18* 20**

2000-2009 186.44* 21

2010-2020 233*** 16.8***

Table 2.2. Estimated groundwater use from licensed wells in the study area (*Harrington and Li, 2015, **Wood and
Pierce 2015, **metered extraction data)

Over the period for which metered extraction data is available, a strong correlation is seen between rainfall
and extraction (Figure2.12). Figure2.12 uses rainfall data measured at Penola and metered extraction data
for the entire Lower Limestone Coast and Padthaway Prescribed Wells Areas. While rainfall varies
throughout the study area, a relationship can be seen using rainfall from Penola. Rainfalends in Penola
for the past 10 years are not dissimilar from other parts of the study ared&ifure2.3). Note, given that
extraction is reported for the financial year, rainfall amounts correspond to rainfall over the July to June
period, rather than January to December.
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Figure 2.12. Reported groundwater extraction for the Lower Limestone Coast and Padthaway PWAs versus rainfall at
Penola
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Of the wetlands present in the study area, previous studies have identified 77% of them by number (96% by
area) to have a high likelihood of interaction with the TLA (SKM 2009). Cranswick and Herpich (2018)
analysed changes in the potentiometric surface ogr time in relation to ground surface elevation. They
reported a decline in the number of wetlands likely to be fed by groundwater between 1987 and 2017. The
largest areas where this occurred were in cros®order catchments and in areas where plantation feests
have been established between 1987 and 2017. This work was complemented by an analysis of changes in
wetland area based on satellite data (Harding, Herpich and Cranswick, 2018) which showed that declines in
groundwater level correlated with declinesin wetland area for a number of sites. This trend is the same as
that shown for discharge from groundwater fed karst springg-{gure2.10).
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Groundwater trends vary across the region, influenced at the regional scale by variations in climate, and at
local scales by factors such as groundwater extraction and land use change. Trends have also varied
spatially and temporally in the two different guifers.
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Changes in groundwater level in the TLA over the period of observation (1970 to present) are difficult to
summarise in one figure, given the large amount of spatial and temporal variability driven by changes in
extraction, climate, and land use (areas ofdrest planting and clearing).Figure2.13 summarises changes
over a 30year period (19932023) based on differencing potentiometric surfaces, while also showing a
selection of hydrographs in different areas for the entire period of observation. Over the past 30 years there
have been declines in gpundwater levels in many of the areas of higher groundwater extraction for irrigation
and in areas of plantation forestry. These are generally focused around the Border Designated Area but also
in the Wattle Range area where hardwood plantations were edbished in the late 1990s and early 2000s.
Rises in groundwater level over the past thirty years are observed in some areas, such as the Padthaway
Ranges and the northeast of the LLCPWA, where groundwater levels responded to land use clearance and
increased recharge (Harrington, van den Akker and Brown, 2006). Elsewhere in areas of minimal
groundwater extraction, levels have been relatively stable with the 39ear difference within+1m.
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The monitoring network in the TCSA is much more sparse than in the TLA due to the lower volumes of
groundwater used (Table 2.2 andrigure2.14). Consequently, the interpolation of trends presented in
Figure2.14 should be interpreted in the context of the number of monitoring points. Nevertheless, some
spatial patterns in trend are apparent. For example, in the western part of the area, where groundwater is
artesian in the TCSA, there have been increases in prase since the 1990s, likely as a result of reduced
extraction and rehabilitation of leaky wells. This is in the same area where groundwater extraction is greatest
in the TCSA, and fluctuations in pressure are largest. Some areas show groundwater pressuas lgenerally
been within+1m, while in the south-eastern part of the study area there have been declines.

2199 YUHVDGqqecOWaGYTI oW 2adGel !

The groundwater resources of the Lower Limestone Coast are diverse in many ways with differences in
aquifer properties, rainfall, depth to water, land use and other factors resulting in much spatial variability.
However, at the regional scale, the processe summarised inFigure2.15 from Morgan et al (2015) capture
the key fluxes.

The main inflow process to the TLA is diffuse rainfall recharge. Inflow may also be derived from point source
recharge while, for the study area considered here, lateral groundwater inflow from Victoria also contributes
to inflow. There are several outflowprocesses from the TLA, including evapotranspiration of shallow
groundwater, discharge to the coast, discharge to springs, wetlands and drains, extraction from irrigation,
town supply and stock and domestic wells and extraction of groundwater by plantatioforests.

The underlying Tertiary Confined Sand Aquifer may receive some recharge in small areas of outcrop at the
margin of the Dundas Plateauwvith some downwards leakage from the TLA in specific locations where the
confining layer is thin or structural features may allow for direct connection. Similar to the TLA, inflow from
Victoria also contributes. The TCSA extends offshordnence, discharge from the TCSA in the study area
occurs as lateral flow at the coastal boundary There is also extraction from irrigation,town supply and
industrial wells.

Numerous studies investigating these inflow and outflow processes at various scales have been conducted
in the past. Consequently, it is difficult to derive accurate water balance estimates at the regional scale
without significant upscaling. For summary mirposes here, the decadal average water balance for the TLA
from 2004-2013 from Morgan et al. (2015) is presented ifable2.3. It shows a deficit in the water balance
which is consistent with groundwater level declines observed for much of the study area during that time
(DEW 2015). The report of Morgan et al. (2015) does not explicitly provide a separate mass balance for the
TCSA. However, compiling numbers presented in the report gives the mass balance presentedTiable 2.4.

The balance may be in surplus or deficit depending on assumptions regarding intaquifer leakage and,
given the trends inFigure2.14, the balance is likely to vary spatially.
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Figure 2.15. Summary of the regional scale hydrogeological conceptual model, taken from Morgan et al (2015)

Flux Volume (GLYy)
Net recharge* 930
Inflows Boundary inflow 370
Extraction 220
Drains 220
Outflows | Boundary outflow 980
Net change in
storage -120

*Net recharge consists of 1890 GL/y gross recharge and-969 GL/y from evapotranspiration.

Table 2.3.  Decadal average (2004 813) water balance for the TLA based on modelling from Morgan et al (2015)
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Flux Volume (GLYy)
Inflows Boundary inflow 41

Leakage from TLA 2071317
Outflows Extraction 17

Boundary outflows 60

Leakage to TLA 255

Net change in storage -271 to 26

Table 2.4.  Water balance for the TCSA based on modelling from Morgan et al (2015)
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The modelling described in this report is based on many of the datasets and principles described in Morgan
et al (2015). Tis model consists of three layers representing the TLA, the Tertiary Aquitard and the TCSA
(Table2.1). Twokey differences for this 2025 modelrelate to spatial and temporal discretization. For this
model a cell size of 250 m x 250 m and{ainnual stress periods areimplemented, rather thanfor the 2015
model where cell sizes of 1000 m x 1000 m and monthly stress periods were used. Tm@angein temporal
resolution necessitates simpler handling of time series boundaries such as recharge, ET and pumping.
Furthermore, pumping data are only available at the annual scale and groundwater levels are generally
available quarterly or btannually for much of the record. Consequently, biannual stress periods are
#HYUt RT 1 U7 W 2 Rapd RIUIDa LWLG Wh 3IR U qUidiyel rid floml RaySeptémBar GHilk ald H 6
ht 20011 kW ql 13+ WG R ¥Aprillily ®hith levapbttadspiratitn S&tarsy Rudriping for
irrigation also occurs in summer stress periods; however, pumpig for town water supply and industrial use
also occurs in winter stress periods.

The change in spatial resolution allows for refinemento deal with features such as drainsand basement
outcrop, and to incorporate more observation data, particularly in layer 1. Thenodel extent and location of
basement outcrops is similar to that of Morgan et al (2015) with the exception of the nordast boundary
(discussed below). Thisdesign gives a total of 1,057,214 active cells across the three layers. Inactive cells
represent areas outside the domain and basement outcrop within the domairThese are identical in layers
2 and 3 following the approach of Morgan et al (2015¥igure3.2 shows cells for layers 1 and Figure 3.2 for
layer 3 only (inactive cells in layer 3 also apply to layer 2).
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The model extent in the northeast is different to that of Morgan et al (2015) and is assigned a specified head
boundary to simulate inflow based on potentiometric contours. This follows recommendations in Morgan et
al (2105) who suggested revising boundas in this part of the domain such that they are perpendicular to
potentiometric contours (i.e., no flow across such boundaries).

The specified head coastal boundary in layer 1 is set using density corrected head values to represent head
values at the coastal margin. Following Morgan et al (2015), the domain was extended offshore by
approximately one cell with head values in these dés being applied using the formula:

yo V20
0

where’ his the is the correction applied to head boundary values, ~1s the fractional increase in density
from fresh water to sea water of 0.025C; and Cnax are the concentrations at the cell and maximum seawater
concentrations (assumed to be 35 g/L)hiis the boundary head at the cell (assumed to be 0 m AHD) ards
the surface elevation at the cell. Specified head boundary values in layer 3 at the coast are based on the
potentiometric surface and are not density corrected, as fresh groundwater iskely to continue offshore
(Knight, Werner and Irvine, 2019).
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Figure 3.1. Active cells (grey) and boundary head values for layer 1
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Figure 3.2. Active cells (grey) and boundary head values for layer 3

DEW Technical report 2025/16

OFFICIAL

30



OFFICIAL

3.3 xc¢! DI Wwyau2¢cqRYUt We Ul Wace! 131 Wa

Model layer elevations are based on the hydrostratigraphic layers described in Barnett et al. (2015) and
shown inTable2.1. Layer thicknesses are shown ifrigure3.3. The surface elevation in layer 1 is based on
LiDAR digital elevation data for the region (DEW 202Bigure3.3). MODFLOW settings for each layer follow
the conceptual model, where layer 1 is set as unconfined, and layers 2 and 3 are confined.

In adopting the standard modelling approach of depthaveraged head per layer, it is acknowledged that
observation well data which may be collected in sukunits within each layer may not be well represented in
the model. This predominantly impacts modelledgroundwater pressure in the Layer 2 aquitard which acts
to simulate the Narrawaturk Marl, Mepunga Formation and upper confining clays of the Dilwyn Formation of
the Gambier Basin and equivalent units of the Murray Basin (see Table 2.1). There are a limitechber of
observation wells identified as being in either the Dilwyn clays or the Mepunga Formation argiven that the
model layer represents multiple units, these observations were not included in the model calibration,
described in Section 3.8 and Chapter 4.
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Figure 3.3. Model top elevation and layer thicknesses
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Recharge in the model is included using a similar approach to that described in DEW (202B)me series
recharge estimateswere developedbased on water table fluctuation calculations, following the method
described in Fu et al. (2019). Recharge zones were then delineated based on spatial variability in estimated
recharge, soil type, land use, climate and knowledge gained from previous stua on groundwater recharge.
The recharge rates are shown ifigure3.4 for the zones shown inFigure3.5. For example, Zone 9 covers
areas of native vegetation clearance and time varying recharge, informed by the Padthaway groundwater
modelling (DEW 2019) and the Province 2 modelling (DEW 2024).
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The majority of recharge zones are in place for the entire simulation. The exceptions to this are shown in
Figure3.5, where the impact of Ash Wednesday bushfires in 1983 on plantation forest extent is implemented
with zones of higher recharge in the Nangwarry and Mount Burr areas based on data presented by Harrington
et al. (2015), as well as the expansion of hardwoodlgntation areas in the early 2000s in SA and Victoria
which is implemented with zones of lower recharge in Wattle Range using data in DEW (2023a).

Challenges were encountered during calibration against groundwater trends in the Mount Gambier area and
surrounds, where long term declines were moderated by some recovery pe&010, before declines
resumed post-2019. Recharge rates were raised in the Mount Gambier area pe2010 to increase
groundwater levels during this period (see Zone 8 below). As noted in section 2.2, 2016 was the highest
rainfall year for the modelling period (197€2020) in Mount Gambie and some other areas; henceabove
average recharge may be plausible for this period. Also, significant volumes of poiaburce recharge via
stormwater drains occur in the Mount Gambier area. It is unknown if the volume of stormwater recharge has
changed over time. However, estimates of stormwater discharge from 1985 are 2.8 GL/y (Emmett, 1985)
while more recent estimates from rainfaltrunoff modelling are up to 6.6GL/y (Nguyen 2013).

Figure 3.4. Recharge rates for zones in the model

DEW Technical report 2025/16 33

OFFICIAL






