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Foreword 

The Department for Environment and Water (DEW) is responsible for the management of the Stateõs natural 

resources, ranging from policy leadership to on-ground delivery in consultation with government, industry and 

communities. 

High-quality science and effective monitoring pr ovides the foundation for the successful management of our 

environment and natural resources. This is achieved through undertaking appropriate research, investigations, 

assessments, monitoring and evaluation. 

DEWõs strong partnerships with educational and research institutions, industries, government agencies, Landscape 

Boards 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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Summary 

In 2018, the Government of South Australia commissioned a review of the science underpinning the Lower 

Limestone Coast (LLC) Water Allocation Plan (WAP) in relation to groundwater allocation  reductions. The review 

was conducted by an independent panel through the Goyder Institute for Water Research and made several key 

recommendations for future work (Simmons et al., 2019). One key recommendation was that subregional 

numerical groundwater models be developed for the Lower Limestone Coast (LLC) to assist future management 

and risk assessment. Following the science review, the 2019 Risk Assessment for the LLC found a high risk of 

groundwater level decline impacting groundwater dependent ecosystems (GDEs) in the management areas of 

MacDonnell, Joanna and Coles.  

This report documents the conceptualisation, development and calibration of a numerical groundwater flow 

model covering the groundwater managem ent areas of Coles, Short, Joanna and Zone 3A and surrounding areas 

within the Lower Limestone Coast Prescribed Wells Area (PWA). The model domain includes large areas of 

hardwood and softwood forest plantation and areas of irrigation including the Coonawarra and Wrattonbully wine 

districts. In addition, the Ramsar-listed Bool and Hacks Lagoon complex and its source in the Mosquito Creek 

catchment are also within the model domain . The model extends across the South Australian border into Victoria 

to incorporate zones of the Border Designated Area where the aquifer is present. The model also builds on 

previous modelling done in the area. 

The model was calibrated using PEST with pilot points for hydraulic conductivity and specific yield. A parameter 

uncertainty analysis was undertaken by generating multiple realisations based on the calibrated model using 

PESTPP-IES. The model performs well in simulating historic groundwater levels i n the areas of interest, generally 

matching measurements of groundwater level recorded over the past 50 years. The model also shows some 

potential in simulating groundwater discharge to Mosquito Creek, with modelled fluxes generally matching 

minimum creek flow volumes. However, this is based on the assumption that minimum creek flow volumes are 

derived from baseflow, as there are no existing estimates of groundwater discharge to Mosquito Creek to further 

constrain model results.  

Two model scenarios have been run projecting  from 2021 to 2050. Scenario 1 simulates continuation of ôcurrentõ 

(2010ð20) groundwater extraction and recharge and shows groundwater levels generally stabilise, with some 

ongoing declines in the eastern part of the model domain  (the Joanna management area). Scenario 2 simulates an 

increase in groundwater extraction to levels of full allocation, accompanied by a decrease in recharge based on 

climate change projections. Scenario 2 shows groundwater level declines across the model domain. The increase 

in irrigation extraction in scenario 2 is significantly higher than current volumes  in some areas. Nevertheless it is 

necessary to test the potential impact of current allocation settings.  

Recommendations for further technical work, related to m odel uncertainty and calibration , and to field 

investigation are documented herein. As only two scenarios are presented, further consultation with the Limestone 

Coast Landscape Board is recommended so that additional scenarios and formats for data presentation can be 

developed to inform the review of the LLCWAP.   
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1 Introduction 

In 2018, the Government of South Australia commissioned an independent  review of the science underpinning the 

Lower Limestone Coast Water Allocation Plan (LLCWAP) in relation to groundwater allocation reductions. The 

review was conducted by an independent panel through the Goyder Institute for Water Research and made 

several key recommendations for future work (Simmons et al., 2019). The review recommended òthat groundwater 

modelling of the LLC PWA is updated to include a suite of subregional models that can answer specific questions at 

an appropriate range of spatial and temporal scalesó (Simmons et al., 2019). In consultation with Limestone Coast 

Landscape Board, DEW has been working on a series of subregional models to cover the Lower Limestone Coast 

(LLC) Prescribed Wells Area (PWA) to assist with risk assessment and planning in the lead up to the review of the 

LLC Water Allocation Plan (WAP) in 2023. This report covers the first subregional model undertaken as part of that 

process.  

The mid-South East subregional model covers the unconfined Tertiary Limestone Aquifer (TLA) over an area of 

5950 km2 which encompasses the South Australian-Victorian Border Groundwater Agreement management Zones 

3A, 3B, 4A and 4B, the Bool and Hacks Lagoon area and Mosquito Creek catchment and management areas of 

Coles and Short (Figure 1.1). Several of these areas have been rated as medium or high risk in the recent LLCWAP 

risk assessment (NRSE, 2019). Hydrogeologically , the region transition s from areas of higher elevation associated 

with the Naracoorte Range and deeper depth to groundwater to the east to lower elevation and shallower water 

tables associated with the coastal plain in the west. The transition zone has historically been demarcated by the 

Kanawinka Fault lineament (Figure 1.1). However, the two regions are connected by groundwater flow ing from 

east to west. Furthermore, the catchment for Mosquito Creek flows from east to west, before discharging into the 

Ramsar-listed Bool Lagoon. Therefore the model scale is designed to allow for questions around connection of the 

groundwater resource across the region to be investigated at a scale that allows management issues to be 

investigated at greater detail.  

It is anticipated that a number of other models will be developed for the Limestone Coast approaching the LLC 

WAP review. It is also anticipated that questions regarding risks to the resource, community expectations related 

to groundwater resource condition , and opportunities for groun dwater development will evolve  during the WAP 

review process. Consequently, only two groundwater model scenarios will be presented in this report  and the 

focus will be on detailing the conceptual model and numerical model.  

1.1 Objectives  

The main purpose of this study is to conduct a modelling  investigation of the regional unconfined Tertiary 

Limestone Aquifer (TLA) in the management areas of Coles, Short, Zone 3A, Joanna and the Bool Lagoon area to 

help assess risks and opportunities related to groundwater resource development and climate change in 

preparation for the review of the LLC WAP in 2023.  

The objectives of this report are to:  

¶ provide conceptual model background for the mid -South East subregion; 

¶ detail the construction and calibration of the mid -South East subregional model; and 

¶ provide initial model uncertainty analysis and predictive scenarios to assist with risk assessment and 

planning in the lead up to the review of the LLC WAP in 2023. 
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Figure  1.1. Location and topography of the study area  
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2 Data review and conceptual model  

2.1 Location and purpose  

The mid-South East subregional model covers an area of 5950 km2 (Figure 1.1). It includes the towns of Penola, 

Naracoorte and Lucindale; however, the latter two towns are located close to model domain boundaries. The main 

purpose of the model is to investigate the regional unconfined Tertiary Limestone Aquifer (TLA) in the 

management areas of Coles, Short, Zone 3A, Joanna and the Bool Lagoon area to help assess risks and 

opportunities related to groundwater resource development and climate change . This will inform preparation for 

the review of the LLC WAP. The domain extends beyond these management areas so that questions related to 

connected parts of the resource can be investigated (e.g., surface water-groundwater interactions in the Mosquito 

Creek catchment). The model domain also covers the Victorian parts of the Border Designated Area Zones 3B and 

4B. However, these areas have low groundwater use, with the TLA absent in parts of Zone 3B in the Dundas 

Plateau. The model builds on previous groundwater modelling for p arts of this area (Wood, 2017).   

2.2 Climate  

The climate is characterized by hot, dry summers and cool, wet winters. Mean annual rainfall measured at Penola 

Post Office is 656 mm/y (BoM station 26025, records 1861ð2019), 639 mm/y at Wrattonbully  (BoM station 26075, 

records 1967ð2019), and 602 mm/y in Lucindale (BoM station 26016, records 1880ð2019). Rainfall records are 

available from the late 19th Century; however, groundwater observations for the region are only available from 

1970. Rainfall trends were generally stable through the 1970s and 1980s and declined through the 1990s and 

2000s (Figure 2.1, Figure 2.2). The past 10 years has seen a mixture of above and below average rainfall. Potential 

evapotranspiration (PET) for the area ranges from 950 to 1400 mm/y (DEW, 2020).  
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Figure  2.1. Long term rainfall and rainfall trend measured at Penola  

 

Figure  2.2. Rainfall trend measured at Wrattonbully  
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2.3 Soil and land use  

Dominant soil types in the  South Australian portion of the  study area can be identified using the classifications of 

Hall et al., (2009). In the eastern, elevated parts of the study area, the soils are generally deep sand and loam 

profiles. Deep sand profiles are also associated with the dune ridges that occur in the area. In the low-lying areas, 

soils are generally either shallow loams, sands and/or clays over limestone. A well-known example is the red-

brown clay Terra Rossa soil associated with the vineyards in Coonawarra. In the central part of the study area, 

deep sand and sand overlying clay soils, dominate.  

The soil classifications of Hall et al. (2009) were developed for South Australia, hence soil maps of equal detail are 

not available for the Victorian portion of the study area. Rather, soil descriptions are presented following the 

Australian Soil Classification (CSIRO, 2016) and maps and descriptions in Bradley et al. (1995), as shown in 

Figure 2.3.  

Land use is dominated by pastures and grasslands used for animal grazing. However large areas of softwood and 

hardwood plantations occur in the Coles and Short management areas and in the Border Designated Area. Areas 

of irrigation are associated with vineyards in the Coonawarra and Wrattonbully areas as well as irrigation for other 

crops. Land use classifications in Figure 2.4 are based on compiled 2014 and 2016 surveys from South Australian 

and Victorian sources (DEW 2020a; Department of Jobs, Precincts and Regions, 2018).  
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Figure  2.3. Soil types in the study area  
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Figure  2.4. Land use in the study area  


