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1 

This report has been prepared for GHD as a technical document to inform a Referral Document for the 

Fortune Agribusiness Project. Aquatic Ecology Services prepared this report in consultation with GHD. 

The opinions, conclusions and any recommendations in this report are based on information obtained from 

GHD. As a result, not all relevant site features and conditions may have been identified in this report and 

the conclusions are limited to the information available at the time of the assessment.  

Groundwater bore information and groundwater modelling results were obtained from external sources. 

Aquatic Ecology Services has made the assumption that all data has been validated and is correct. 
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1. Background 

1.1 Project understanding 

GHD is currently preparing a Referral document to the NT Government for the Fortune Agribusiness Project. 

The Referral will be the first step towards gaining environmental approval for a large agriculture project 

located on Singleton Station, near Wauchope, NT.  

Fortune Agribusiness Fund Management Pty Ltd (FAFM) is proposing to develop an intensive horticultural 

operation and community precinct at Singleton Station, located 380 kilometres north of Alice Springs in 

the Western Davenport region of the Northern Territory of Australia (referred to as the ‘proposal’).  The 

proposal involves construction and operation of intensive, irrigated horticulture production and a 

community precinct with infrastructure and facilities to support operation. The proposal site has immediate 

access to key infrastructure such as power, road and rail. 

The proposal site is located at Singleton Station, a 294,900 ha pastoral lease held under Perpetual Pastoral 

Lease 1022 - NT portion 653. The site is about 7 kilometres to the west of the Stuart Highway, and the 

nearest community is Ali Curung located about 35 kilometres to the south-east. The site has been acquired 

by FAFM and is currently managed as a cattle farming operation.  

The proposal is to be developed over four stages, and construction of the first stage is proposed to 

commence in mid-2023. The proposal would be staged over 9 years, with the project in full production by 

around 2036. 

The proposal’s objectives are to: 

• Develop a fruit and vegetable farm, which will be a catalyst for a new economic development 

precinct. 

• Provide permanent employment for over 150 people and for around 1350 seasonal workers. This will 

include opportunities for local Indigenous people.  

• Construct new farm infrastructure which will support collaboration and provide infrastructure to other 

agricultural businesses and benefit the local community.  

• Provide a source of food to local communities to improve food security 

The proposal has been referred by FAFM to the NT Environmental Protection Authority (EPA) and is being 

assessed in accordance with the Environmental Protection Act 2019 and Environmental Protection 

Regulation 2020. 

The proposal will require irrigation from local groundwater aquifers, which is likely to cause drawdown from 

natural groundwater levels. There are potential impacts on groundwater dependant ecosystems (GDEs) 

associated with water abstraction, namely a decrease in available water for flora and fauna that require 

them for their existence. One such fauna group that can experience these impacts is stygofauna, a collective 

term for animals that dwell in groundwater.  
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In order to understand any potential impacts to GDEs, the likelihood of occurrence of stygofauna and any 

surface water GDEs must first be established. This is in line with condition CP5 set out in the Water Licence 

granted to Fortune Agribusiness. 

1.2 Scope 

GHD engaged Aquatic Ecology Services to undertake a desktop assessment of the likely presence of 

stygofauna and potential impacts of groundwater drawdown during the construction and operation of the 

proposal. This report supports the Referral to the EPA for the proposal. The scope of the assessment 

includes: 

• A desktop assessment of the likelihood of presence of stygofauna within the aquifers of Singleton 

Station which will be subject to proposed water abstraction 

• Preliminary impact assessment based on the outcome of the desktop assessment 

• Determine suitable mitigation measures to minimise the impacts. 

• Recommendations for any additional actions based on the findings of the desktop assessment and 

impact assessment 

This report outlines the result of the above scope of works. 
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2. Stygofauna 

2.1 Overview 

Aquifers can host a complex biodiversity of aquatic invertebrates known as stygofauna. Stygofauna is a 

collective term for all groundwater animals that can have varying levels of dependence on groundwater 

(Hancock et al., 2005). In general, they consist of invertebrates (crustaceans and other invertebrate groups 

such as worms, snails, mites, and blind Insects). Stygofauna are animals that spend their entire lives in 

groundwater and due to their specific habitat requirements, the species are generally highly endemic. As 

such, these organisms have highly specialised adaptations to survive in relatively resource-poor aquifers, 

where there is limited light, space, and food supply (Humphreys 2008).  

Stygofauna therefore play a functional role in aquifers and are also considered a direct and sensitive 

indicator of the quality of an underground water source. There is no photosynthesis below ground, and so 

these groundwater environments rely on inputs of organic matter from the surface to provide the basis of 

the food web on which stygofauna depend. Despite their small size, the cumulative effect of stygofauna 

activity plays an important part in maintaining groundwater quality. This process is evident in alluvial 

aquifers where water flowing though sediment particles is cleaned during transit.  

2.2 Knowledge 

In Australia, stygofauna research has increased over the last two decades (Hose et al., 2015), particularly in 

Western Australia and Queensland, but also in South Australia and NSW. Large scale mining projects have 

provided the impetus for stygofauna discoveries in Western Australia and Queensland, where specific 

guidelines or guidance documents have been developed in relation to stygofauna (WA EPA 2021).   

An overview of stygofauna studies completed in Queensland by Glanville et al. (2016) noted that the 

physicochemical requirements for stygofauna presence in aquifers can be broad, and it is therefore difficult 

to predict the likelihood of stygofauna presence based on these attributes. There are conditions under 

which stygofauna are found more frequently. These conditions relate to lithology, depth of groundwater 

from the surface (DGW) and water quality parameters (Table 1). The review of data by Glanville et al. (2016) 

showed a decrease in the diversity and abundance of stygofauna with increased bore depth. This 

relationship signifies the importance of alluvial aquifers for stygofauna, where organic matter is likely to be 

in the greatest quantities (provided by vegetation and surface/subsurface water interactions) and therefore 

allow for a greater variety of ecological niches for stygofauna to occupy. It is noted that alluvial aquifers are 

the most frequently sampled, and this may cause some bias in the frequency of stygofauna detection 

(Glanville et al. 2016).  

Comparatively, there has been little research done on stygofauna in the Northern Territory, and the most 

recent studies have focused on the Beetaloo Basin, where many significant finds were made. This included 

previously undescribed species of stygofauna, as well as species found outside their expected range (Rees 

et al. 2020). The study utilised eDNA as an additional screen for stygofauna presence, which resulted in 

detections of stygofauna at a greater number of bores than those where stygofauna were collected by net 
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or pumping. Although broad and preliminary, the results of sampling showed a broad range of aquifer 

depths within which stygofauna were detected (3-115m). The bores sampled had similar water quality 

characteristics, and there were no obvious differences between bore water quality of those where 

stygofauna were detected, and those where they were not. The spatial distribution of stygofauna did 

indicate that connectivity was of importance to their detection in an aquifer, but a study on a larger scale 

which is more consistent in sampling methods is required to further understand the stygofauna community 

of the Beetaloo Basin. 

Table 1 – Favourable aquifer attributes for stygofauna  

Attribute Favourable values (Glanville et al. 

2016) 

Favourable values (Rees et al. 

2020) 

Lithology Alluvium (sand and gravel), volcanic Limestone  

Bore depth <65 m  2-115 m 

pH 6.0-8.5 6.7-7.6 

EC (µS/cm) <5,000  320-2200 

 

2.3 Threats to stygofauna 

Although it is acknowledged that stygofauna inhabit aquifers of varying water quality and depth, each 

community is generally under geochemical constraints that are particular to the aquifer in which they are 

present. Stygofauna are threatened by activities that change the quality or quantity of groundwater, that 

disrupt the connectivity between different aquifers and surface systems or remove soil pores. These impacts 

to groundwater and aquifer conditions have become a particular issue for proponents principally because 

changes in groundwater quality and quantity and their effects on the ecosystem that exists within aquifers 

remain poorly understood. 

In the context of the Fortune Agribusiness Project, stygofauna from alluvial aquifers are likely to be at most 

risk from dewatering, given that changes in standing aquifer water levels generally impacts those closest 

to ground level first.  
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3. Limits of Acceptable Change  

The Western Davenport Water Allocation Plan 2018-2021 (NTG 2018) created a groundwater dependent 

ecosystem protection area within the Central Plain of the Western Davenport region, where depth to 

groundwater is expected to be less than 20 metres. The Western Davenport Water Allocation Plan (the Plan) 

includes an objective that negative impacts on GDEs as a consequence of consumptive use of groundwater, 

will be avoided as far as possible. 

Since 2018, DENR has undertaken additional research in the Plan area. Recently DENR has provided updated 

guidance (DENR 2020a) to FAFM and set limits for change in groundwater conditions within the GDE 

protection area that are described in more detail below. In providing this guidance material, it was noted 

by DENR (2020a) that the purpose of the Plan is to provide for consumptive use of groundwater and that 

some impact on GDEs is unavoidable but must remain within carefully managed levels. The levels have 

been clearly articulated by DENR and are described in the following sections. 

There are readily identifiable terrestrial GDEs occurring where depth to groundwater (DGW) is less than 

10m, and these have high ecological and cultural values. As previously stated, the aquifers present closest 

to ground level can be particularly productive for stygofauna as the provision of organic matter and surface 

water exchanges are at their greatest. Whilst the modelling completed to identify GDEs focused on 

terrestrial vegetation, the work does provide identification of areas that are likely have the same values for 

stygofauna.  

Impacts on GDEs are required to be limited to a level where medium to long-term effects on regional 

biodiversity and ecosystem function are minimised. DENR has determined that 70% of the current extent 

of GDEs in the Western Davenport Water Control District should be protected from negative impact. In 

order that the principle of incorporating environmental variability is adequately applied, and in the absence 

of more comprehensive spatial data, the 70% threshold applies: 

• Within each of the two major landform classes (aeolian sandplain and alluvial plain), 

• Within each property occurring in the Water Control District, and 

• Across the Central Plains Management Zone as a whole. 

In the alluvial aquifer zone, where GDEs occur and the depth of groundwater is less than or equal to 10 m, 

the potential for negative impact is deemed to occur if modelled groundwater extraction shows that one 

or more of the following may occur: 

• The maximum depth to water table exceeds 10 metres below ground level 

• The maximum depth to water table declines by more than 50% below the levels that would be 

expected under a natural baseline (no pumping) scenario 

• Modelled extraction results in a rate of groundwater drawdown that exceeds 0.2 m/year. 

For GDEs occurring where the depth of groundwater is between 10 and 15 m, potential for negative impact 

is deemed to occur if modelled groundwater extraction shows that one or more of the following may occur: 
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• The maximum depth to water table declines by more than 35% below the levels that would be 

expected under a natural baseline (no pumping) scenario 

• Modelled extraction results in a rate of groundwater drawdown that exceeds 0.2 m/year. 
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4. Approach and Methodology 

4.1 Muti-criteria analysis protocol 

A multi-criteria analysis protocol (MCAP) was used to assess the likelihood of stygofauna presence in the 

aquifers of bores within and surrounding Singleton Station. The protocol relies on experience from previous 

stygofauna research to identify favourable locations for presence of stygofauna communities. The purpose 

of the MCAP is to identify bores that are most likely to contain stygofauna, based on a number of physical 

and chemical attributes. The parameters, and favourable bore attributes selected are based on values 

outlined by Glanville et al. (2016) and Rees et al. (2020). The bore attributes and value ranges considered in 

the MCAP are summarised in Table 1. 

Table 2 - Favourable bore attributes for stygofauna selected for the MCAP 

Attribute Favourable values 

Bore depth <65 (max <200 m) 

Bore construction Lined and slotted/screened through the water column 

Bore use Observation (monitoring) 

pH 6.7-7.6 

EC <2,000 µS/cm (max <5,000 µS/cm) 

Data used for this MCAP was compiled from water quality monitoring data available through NR Maps. 

There were no registered bores near the borefield, but several were located within identified alluvial aquifer 

zones and modelled GDEs (DENR 2020b). Lithology of aquifers in which the bores were located was not 

available, and so this parameter was omitted from the MCAP. A total of 256 bores were identified using NR 

Maps (NT Gov 2022) 110 bores were included in the MCAP for which water quality data was available. The 

location of bores used for the MCAP are presented in Figure 1. 
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The MCAP ranks and weights each of these favourable bore attributes based on their importance. The 

ranking and weighting process was completed using FME (Safe Software Inc.) which allowed a favourability 

score to be assigned to each bore attribute value. Bore attribute values were multiplied, and a final 

likelihood score for each bore was produced. The likelihood score indicated which bores had the most 

favourable conditions for stygofauna occurrence, and therefore where they were most likely to be found. 

The likelihood scores were classified into the following four categories according to their score to allow for 

interpretation of the results: 

• Very likely (>4.10) 

• Likely (3.50 - 4.09) 

• Unlikely (2.50 - 3.49) 

• Very unlikely (<2.50) 

4.2 Groundwater drawdown modelling 

To provide a platform to examine the local-scale performance and regional impacts of the proposed 

Singleton Station borefield, a regional scale FEFLOW groundwater flow model with local refinement around 

the proposed pumping bores has been developed. The Singleton Station groundwater flow model created 

by CloudGMS was used to assess the local impacts of two pumping geometries (Scenarios 44 and 45) and 

determine drawdowns over different time periods e.g. 5 years, 15 years, 30 years etc. The model was 

benchmarked against the DENR groundwater model of the Western Davenport Central Management Zone, 

and used to examine the sensitivity of the groundwater system to various borefield geometries.  

Baseline GDE locations from the GDE probability model (DENR 2020b) were then used in conjunction with 

the groundwater drawdown modelling associated with each individual bore field design configuration (i.e. 

scenario) to measure the areas where the threshold is likely to be exceeded. More detail on how impact to 

GDEs was calculated can be found in Appendix A. 

Outputs for the modelling were provided by GHD as groundwater drawdown contours and as a percentage 

loss of terrestrial GDEs. Groundwater contours were used to understand the impact of drawdown on any 

bores that were likely to contain stygofauna, and percentage GDE loss was used as a surrogate measure of 

loss of habitat for alluvial-dwelling stygofauna. 

4.3 Impact assessment 

The assessment of impact on stygofauna communities as a result of the proposal have been completed in 

two components. The first relates to available groundwater data from the study area and aims to 

understand the likelihood of stygofauna presence based on available information. In general, bores that 

are drilled for production or monitoring rarely intersect the alluvial zone, and so these bores represent an 

assessment of likelihood of stygofauna in aquifers that extend deeper than 15m. Groundwater drawdown 

contours developed by GHD were utilised to understand if any bores where stygofauna have been classified 

as “Very Likely” or “Likely” to occur are impacted by the proposal’s nominated pumping scenarios. 
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The second component of the assessment refers to alluvial aquifers. Modelling conducted by DENR (2020b) 

identified terrestrial vegetation GDEs likely to be associated alluvial aquifers. Although this is not likely to 

represent the entire alluvial aquifer where stygofauna may exist, it does outline areas that are most likely 

to supply organic matter through surface and groundwater interactions. Therefore, the modelled extent of 

terrestrial GDEs represents areas that are more likely to support a diverse community of stygofauna. It has 

been assumed for the impact assessment that all areas modelled by DENR (2020b) in both the 0-10m and 

10-15m zone are likely to contain stygofauna. Modelled percentage losses of terrestrial GDEs completed 

by GHD will be used to understand the level of impact that the proposed pumping strategies would have 

on stygofauna inhabiting alluvial aquifers. 

Each proposed scenario results in differences to groundwater drawdown extent and rate due to differences 

in bore placement. An impact assessment will therefore be completed for each scenario. 
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5. Results 

5.1 MCAP  

The attributes and scores calculated for a total of 110 bores using the MCAP can be viewed in Appendix B, 

and the outcome of the MCAP is presented in Figure 2. Bores with the highest priority score, which 

represented “Very Likely” and “Likely” stygofauna presence (score= >3.5) are summarised in Table 3. Several 

bores where likelihood scores exceeded 3.50 (likely) coincided with modelled areas of terrestrial GDEs, and 

one of the two bores considered very likely to contain stygofauna was located in the Ali Curung township.  

Likelihood scores were influenced by the data available. Bore use was the most common parameter missing 

from the data set, which lowered the accuracy of the MCAP. Any further information that can be provided 

for these parameters will help improve the efficacy of the protocol. Lithology data was not readily available 

for each of the bores, but would result in a more accurate assessment of likelihood. 

It should be noted that Rees et al. (2020) found that equipped production bores did contain stygofauna in 

some instances. As production bores are given a lower likelihood of occurrence using the MCAP, the bores 

may have been excluded that do contain stygofauna. In reviewing data, those considered to be highly 

unlikely were categorised based on combinations of less favourable water quality and bore use, and so it is 

considered that their exclusion from higher likelihoods remains correct. 

Table 3 – Bores identified as likely or very likely to contain stygofauna 

Bore ID Latitude Longitude Bore use Likelihood 

Score 

RN005409 -21.0049 134.4026 Observation 4.18254 

RN015174 -20.7179 134.2387 Observation 4.18254 

RN018405 -20.9257 134.038 Observation 3.904762 

RN016933 -20.9867 134.204 Observation 3.738095 

RN015578 -20.7175 134.2568 Observation 3.626984 

RN015588 -21.1684 134.5732 Observation 3.626984 

RN006439 -20.6993 134.1671 Observation 3.571429 

RN006437 -20.7096 134.1566 Observation 3.571429 
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5.2 Drawdown modelling outputs 

5.2.1 Scenario 44 

Drawdown contours provided by GHD have been overlaid with bores assessed under the MCAP. The results 

are presented for Scenario 44 in Figure 3 to Figure 11.  The drawdown depression is steepest close to the 

borefield under both scenarios, where there are no bores to predict likelihood of stygofauna occurrence. 

For areas where stygofauna were predicted as likely to occur, a single bore (RN018405) is impacted to the 

south-west of the borefield, south of the Singleton Station boundary. No other bores that are considered 

likely to contain stygofauna are intersected by the groundwater drawdown contours. 

Although drawdown contours do migrate north-east, drawdown depths are generally within the acceptable 

limit of change for groundwater levels over the modelled terrestrial GDE area. After the 30 year mark, when 

pumping is proposed to cease, allowing for recovery of groundwater levels, contours continue to migrate 

outwards, which extends to a greater extent by year 35 (Figure 18) compared with Scenario 45. By year 40 

the trend of drawdown slows significantly (Figure 19), and after 60 years large-scale recovery of 

groundwater levels is modelled to occur (Figure 20)The modelled cumulative impact on GDEs over a 60 

year period is presented in Table 4. The impact on both alluvial and sandplain aquifers follows the 

drawdown contours mentioned above. The impact on alluvial GDEs is far higher than those within the 

sandplain, with almost twice the impacted area between 25 and 30 years. Impact slows and does not 

continue after 40 years when recovery commences. Sandplains are extensive across Singleton Station, and 

although a third of alluvial GDEs are impacted, the total impacted area of 15.2% reflects the proportion of 

each GDE affected. 

Table 4 -Modelled impact on GDEs (%) by landform over 60 year period utilising bore field scenario 44 

Year Alluvial Sandplain Total 

5 1 0.3 0.4 

10 1 2.7 2.4 

15 1.1 5.2 4.3 

20 1.1 6.4 5.3 

25 11.3 7.1 8 

30 23.3 8.6 11.8 

35 30.8 10.2 14.7 

40 31.5 10.7 15.2 

60 31.5 10.7 15.2 
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5.2.1 Scenario 45 

Drawdown contours provided by GHD have been overlaid with bores assessed under the MCAP. The results 

are presented for Scenario 45 in Figure 12 to Figure 20. As for Scenario 44, the drawdown cone is steepest 

close to the borefield, where there are no bores to predict likelihood of stygofauna occurrence. Similar to 

Scenario 44, a single bore (RN018405) is impacted to the south-west of the borefield, south of the Singleton 

Station boundary. The drawdown contours result in a maximum drawdown that is 3m greater than the 

previous scenario for that bore. On additional bore considered likely to contain stygofauna (RN006437) is 

in close proximity to a drawdown contour at 35 years (Figure 18).  

Although drawdown contours do migrate north-east, drawdown depths are generally within the acceptable 

limit of change for groundwater levels over the modelled terrestrial GDE area. After the 30 year mark, when 

pumping is proposed to cease, allowing for recovery of groundwater levels, contours continue to migrate 

outwards, which extends to a greater area of terrestrial GDEs by year 35 (Figure 18) than Scenario 44, 

although extended contours only represent a 1m or 2m drop in groundwater height. By year 40 the trend 

of drawdown slows significantly (Figure 19), and after 60 years large-scale recovery of groundwater levels 

is modelled to occur (Figure 20).  

The modelled cumulative impact on GDEs over a 60 year period is presented in Table 5. The impact on both 

alluvial and sandplain aquifers follows the drawdown contours mentioned above. The impact on alluvial 

GDEs is far higher than those within the sandplain, with more than four times the area impacted between 

25 and 30 years. Impact slows and does not continue after 40 years when recovery is to occur. Scenario 45 

predicts less impacts on both landforms, and almost 10% less across alluvial GDEs. 

Table 5 -Modelled impact on GDEs (%) by landform over 60 year period utilising pumping scenario 45 

Year Alluvial Sandplain Total 

5 1 0.3 0.4 

10 1 2.5 2.2 

15 1 4.8 3.9 

20 1 5.6 4.6 

25 3.1 6.4 5.7 

30 12.9 8.4 9.4 

35 19.6 11 12.9 

40 21.4 11.5 13.7 

60 21.4 11.5 13.7 
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6. Impact assessment 

There were very few bores identified within the drawdown zone that were considered likely to contain 

stygofauna. Due to the lack of registered bores with data available close to the proposed borefield, it is 

difficult to ascertain stygofauna presence closest to the modelled area of intense drawdown. In saying this, 

impact on stygofauna would logically be greatest where drawdown contours are steepest, which represent 

a small area compared with the broader temporal and spatial changes in groundwater heights that have 

been modelled.  

The diversity of stygofauna within an alluvial aquifer is generally related to the availability of organic matter, 

and the availability of organic matter declines with increased depth below ground level (Datry et al. 2005). 

The distance between ground level and standing water level is therefore an important aspect to consider 

when understanding the impact of drawdown on stygofauna. It is suggested that where terrestrial GDEs 

have been modelled as impacted or lost due to drawdown, localised impacts to stygofauna diversity are 

likely, due to decreased access to organic material over time. The spatial extent of vegetation and alluvial 

aquifers not impacted would allow for continued occurrence of stygofauna (if present) in these identified 

areas, which reflects the acceptable limits of change for terrestrial GDEs referred to in Section 3. The impact 

on stygofauna is more likely to occur in the alluvial zone, and so Scenario 45, which limits impacts to 

terrestrial GDEs in this landform is preferred. 

Based on both Scenarios, stygofauna are most likely to be impacted near the borefield, as rapid changes in 

groundwater height will impact both deep and shallow aquifers. The spatial impact is considered small, 

based on the area to be impacted by rapid drawdown. Based on other regional studies, such as those in 

the Beetaloo Basin, mapped alluvial aquifers have the potential to host stygofauna that play an important 

role in maintaining water quality to the broader aquifer. Changes to groundwater heights is likely to result 

in loss of aquifer connectivity, loss of vegetation and therefore loss of organic matter supply and has 

potential to change groundwater chemistry. Stygofauna that may be present in alluvial aquifers remain the 

most vulnerable to impacts of dewatering. It is however noted that the types of stygofauna found within 

the aquifer will inevitably dictate the extent of the impact on the stygofauna community. 
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1. Introduction 
1.1 Purpose of this report 

Fortune Agribusiness Funds Management Pty Ltd (FAFM) owns Singleton Station in the 
Northern Territory and proposes to irrigate crops using groundwater sourced from the aquifers 
underlying the Western Davenport Plains. 

FAFM is seeking to secure a groundwater extraction licence from the Western Davenport Water 
Control District to support the development of the Singleton Station Horticultural Project (the 
Proposal).  As part of its licence application, FAFM is required to demonstrate the extent to 
which the water extraction will impact groundwater dependent ecosystems (GDEs). 

The Northern Territory Government, Department of Environment and Natural Resources 
(DENR) has provided data to FAFM that indicates where, in the landscape, the GDEs are likely 
to occur, i.e. a model of the probable occurrence of Groundwater Dependent Ecosystems 
(GDEs) in the broader landscape.   

In addition, FAFM has commissioned CloudGMS to develop a suitable groundwater model to 
facilitate the local, site-specific borefield planning and assess the local scale performance and 
regional impacts of the borefield on groundwater levels in the aquifer systems of the Western 
Davenport region due to groundwater extraction.  

GHD Pty Ltd (GHD) was commissioned by FAFM to use these inputs as the basis for an 
assessment of the likely negative impact of the proposed consumptive use of groundwater on 
GDEs.  Specifically, what percentage of GDEs may be impacted by the Singleton Project, either 
through clearing, or as a result of drawdown that exceeds the limits of acceptable change in 
groundwater conditions. 

The borefield configuration and pumping regime described in this report complies with DENR’s 
criteria for acceptable impacts to GDEs. 

1.2 Scope and limitations 

This report provides an assessment of the percentage area of impact of groundwater drawdown 
on GDEs on Singleton Station and surrounding areas, across both sandplain and alluvial 
landforms based on the following inputs: 

 Drawdown modelling of borefield scenarios (CloudGMS 2019) 

 The distribution of GDEs based on the remote sensing model supplied by DENR (2020a) 

 Currently understood depth to groundwater (DGW) contours provided by DENR 

 Landform mapping based on satellite imagery (alluvial and sandplain landforms) 

This report does not include any field validation of the inputs described above. It is planned to 
carry out the field verification work as soon as practical once Covid-19 restrictions are removed. 
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This report: has been prepared by GHD for Fortune Agribusiness Funds Management Pty Ltd and may 
only be used and relied on by Fortune Agribusiness Funds Management Pty Ltd for the purpose agreed 
between GHD and the Fortune Agribusiness Funds Management Pty Ltd as set out in section 1.1 of this 
report. 

GHD otherwise disclaims responsibility to any person other than Fortune Agribusiness Funds Management 
Pty Ltd arising in connection with this report. GHD also excludes implied warranties and conditions, to the 
extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation 
to update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this report (refer section(s) 1.2 of this report).  GHD disclaims liability arising from any of 
the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Fortune Agribusiness Funds 
Management Pty Ltd and others who provided information to GHD (including Government authorities)], 
which GHD has not independently verified or checked beyond the agreed scope of work. GHD does not 
accept liability in connection with such unverified information, including errors and omissions in the report 
which were caused by errors or omissions in that information. 
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2. Limits of acceptable change 
The Western Davenport Water Allocation Plan 2018-2021 (NTG 2018) created a groundwater 
dependent ecosystem protection area within the Central Plain of the Western Davenport region, 
where depth to groundwater is expected to be less than 20 metres.  

The Western Davenport Water Allocation Plan (the Plan) includes an objective that negative 
impacts on groundwater dependent ecosystem (GDEs) as a consequence of consumptive use 
of groundwater, will be avoided as far as possible.  

Since 2018, DENR has undertaken additional research in the Plan area. Recently DENR has 
provided updated guidance (2020b) to FAFM and set limits for change in groundwater 
conditions within the GDE protection area that are described in more detail below.  

In providing this guidance material, it is noted by DENR (2020b) that the purpose of the Plan is 
to provide for consumptive use of groundwater and that some impact on GDEs is unavoidable, 
but must remain within carefully managed levels. The levels have been clearly articulated by 
DENR, and are described below. 

2.1 Threshold of acceptable change for GDEs 

There are readily identifiable GDEs occurring where depth to groundwater (DGW) is less than 
10 m, and these have high ecological and cultural values. Additionally, in the 10-15 m DGW 
zone, groves of large trees are accessing groundwater and may also have a significant 
ecological role and cultural values. At groundwater depths greater than 15 m large trees may 
still occur, but these are believed to not be accessing the deeper regional aquifer. 

Impacts on GDEs are required to be limited to a level where medium to long-term effects on 
regional biodiversity and ecosystem function are minimised. DENR has determined that 70% of 
the current extent of GDEs in the Western Davenport Water Control District should be protected 
from negative impact. 

In order that the principle of incorporating environmental variability is adequately applied, and in 
the absence of more comprehensive spatial data, the 70% threshold applies: 

 Within each of the two major landform classes (aeolian sandplain and alluvial plain), 

 Within each property occurring in the Water Control District, and 

 Across the Central Plains Management Zone as a whole. 

2.1.1 GDEs over groundwater <10 m deep 

Where GDEs occur and the depth of groundwater is less than or equal to 10 m, the potential for 
negative impact is deemed to occur if modelled groundwater extraction shows that one or more 
of the following may occur: 

 The maximum depth to water table exceeds 10 metres below ground level 

 The maximum depth to water table declines by more than 50% below the levels that would 
be expected under a natural baseline (no pumping) scenario 

 Modelled extraction results in a rate of groundwater drawdown that exceeds 0.2 m/year. 

2.1.2 GDEs over groundwater 10-15 m deep 

For GDEs occurring where the depth of groundwater is between 10 and 15 m, potential for 
negative impact is deemed to occur if modelled groundwater extraction shows that one or more 
of the following may occur: 
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 The maximum depth to water table declines by more than 35% below the levels that would 
be expected under a natural baseline (no pumping) scenario 

 Modelled extraction results in a rate of groundwater drawdown that exceeds 0.2 m/year. 

DENR has provided FAFM with base line depth to groundwater contours across Singleton 
Station and surrounding areas. These have been used to model groundwater extraction 
(drawdown) for different groundwater pumping regimes and borefield layouts (CloudGMS 2019). 
This work is described in Section 3.3.  
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3. Inputs to the GDE impact assessment 
3.1 Probability mapping of groundwater dependent vegetation 

The probability of GDEs occurring has been modelled by DENR (2020a) across an extensive 
area of the Central Plain, based on a time-series (2014 to 2019) of relevant “greenness” and 
“wetness” indices derived from Landsat 8 satellite imagery (Figure 3-1). The modelling 
methodology is briefly described in Appendix A. 

 
Figure 3-1 Modelled distribution of potential groundwater dependent 

vegetation (darker pixels) in the Western Davenport region (DENR 
2020a) 

Applied spatially, the model gives a single value for each pixel, ranging from 0 to 1. This is 
essentially the probability that the pixel represents a GDE. In order to express the probability 
raster as a ‘map’ of potential GDEs, it is necessary to set a threshold probability to represent the 
presence or absence of GDE’s.  This had been set primarily at 70% and a secondary level at 
50%.   

This model provides a basis for assessing, in the first instance, the potential impact of modelled 
groundwater extraction and drawdown associated with the proposed horticultural development 
using a remote sensing methodology (this report); and then later, validation through finer-scale 
mapping and field verification of GDEs at a property scale. 

The mapped model output provided by DENR (2020a) does not differentiate between alluvial 
plain and aeolian sandplain landscapes. Overlaying landform mapping and/or field inspection 
was required to determine which vegetation types / landform classes occur within each pixel. 



 

GHD | Report for Fortune Agribusiness Funds Management Pty Ltd - Singleton Horticulture Project, 12525955 | 6 

3.2 Landform mapping 

Criteria for limits of acceptable change from DENR includes assessments of the percentage of 
GDE potentially negatively impacted by groundwater drawdown across two different broad 
landform classes, aeolian sandplain and alluvial plain. Existing landform mapping across 
Singleton Station is restricted to the Bonney Well 250k geological map sheet, which is low 
resolution and includes inaccuracies.  

3.2.1 Methodology 

Landform mapping was completed for the area of Singleton Station where the modelled DGW is 
less than 15 m (Figure 3-2). Boundaries between landforms were hand digitised in ArcGIS 
Desktop 10.6.1 against background imagery which included: 

 The Bonney Well 250K geological map sheet 

 Landsat 8 imagery viewed as a 654-band combination RGB image (scene 102074 
acquisition date 20191204) 

 ESRI World Imagery (high resolution at greater than 1:3000 scale) 

Spectral differences on Landsat imagery in the 654 bands readily distinguishes between 
spinifex and non-spinifex dominated vegetation. The use of higher resolution ESRI World 
Imagery (SPOT satellite data) at a scale above 1:3000 enables at least older spinifex to be 
visible, allowing confirmation of Landsat imagery interpretation. The geological map sheet was 
used to confirm alluvial drainages on satellite imagery, and to identify small areas of outcrop 
which were mapped as ridges.  

Using these remote sensing images most areas were readily distinguishable i.e. between 
sandplain and alluvial landforms, but there are some areas of uncertainty including: 

 In the Wycliffe Creek system southeast of Thring Swamp, which although relatively small in 
area, includes a large proportion of highly likely (> 70%) GDE 

 At the terminus of the Taylor Creek, Wycliffe Creek and Hurst Creek drainages, where 
there is an alluvial influence visible on L.ansdat 8 imagery, but which appears likely to be 
spinifex dominated vegetation.  

These areas do not include any previous vegetation survey sites, and consequently cannot be 
placed within the different vegetation communities recently described by DENR (2020c) with 
any confidence. They have been preliminarily mapped as alluvial2 in order to distinguish them 
from the more distinct alluvial landform. It seems likely that these areas represent older 
drainage patterns which do not have recently or active alluvial deposition, but have some soil of 
alluvial origin with varying degrees of inputs of aeolian sand, and so may have some vegetation 
components characteristic of both landforms. Although large in area, the areas mapped as 
alluvial2 include little vegetation mapped as GDE, and appear to have a negative correlation 
with modelled GDEs. Consequently, whether areas mapped as alluvial2 are included as 
sandplain or alluvial landform in the analysis of percentage impact on GDE within landform 
types will have little influence on the final results. Landfrom mapping is presented in Figure 3-2 . 

  



Singleton StationSingleton Station

STU
ART H

IG
H
W
AY

FIGURE 3-2

0 3 6 9 12

Kilometers

Project No.
Revision No. -

12525955Fortune Agribusiness
Singleton Station Studies

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 53

Paper Size ISO A4

o
Data source: GDE & Groundwater Model, NT DENR, 2020;Drawdown Model, FortuneAgriBusiness (CloudGMS), 2020; Topographic, GA,2020; World Imagery: Source: Esri, Maxar, GeoEye, Earthstar

Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.  Created by: tworth
C:\Users\tworth\Documents\12525955_Working_1\12525955_Working_2.aprx
Print date: 24 Jun 2020 - 14:08

Legend

Singleton Station
Boundary

AAPA Certificate
Subject Land

Landform (Visual
Interpretation)

Alluvial

Ridges

Sandplain

Landform mapping interpretation
over groundwater depth 15 m or less

Date 24/06/2020



 

GHD | Report for Fortune Agribusiness Funds Management Pty Ltd - Singleton Horticulture Project, 12525955 | 8 

3.3 Groundwater modelling 

DENR has provided FAFM with initial, base line depth to groundwater contours across Singleton 
Station and surrounding area.  These have been used to measure the modelled drawdown for 
different groundwater pumping regimes and/or borefield layouts and thereby assess the impact 
on GDEs (CloudGMS 2019).   

3.3.1 Methodology 

The groundwater flow model of the Western Davenport Plains (WDP) aquifer system currently 
used by the Department of Environment and Natural Resources (DENR) for water resource 
assessment purposes was constructed using the MIKESHE platform. The MIKESHE code was 
utilised because it enables the incorporation of the episodic runoff events and the unsaturated 
zone flow processes which govern the location and timing of the recharge to the groundwater 
system. The model was designed to examine regional catchment scale processes / water 
balances and was not designed to examine in detail the local pumping effects related to 
parameters such as small-scale changes to borefield geometry.  

To provide a platform to examine the local-scale performance and regional impacts of the 
proposed Singleton Station borefield, a regional scale FEFLOW groundwater flow model with 
local refinement around the proposed pumping bores has been developed. 

The Singleton Station groundwater flow model created by CloudGMS has been used to assess  

 The local impacts of various pumping geometries (i.e. scenarios) and determine 
drawdowns over different time periods e.g. 5 yrs, 15 yrs, 30 yrs etc.  

 The regional impacts of the proposed Singleton Station abstraction and the cumulative 
impact associated with existing neighbouring developments at Neutral Junction and Ali 
Curung 

The model has been benchmarked against the DENR groundwater model of the Western 
Davenport Central Management Zone, and used to examine the sensitivity of the groundwater 
system to various borefield geometries. 

Borefield geometries are presented in this report in Section 4.  

3.4 Spatial analysis methodology– applying the threshold 

3.4.1 Baseline GDE locations on Singleton Station 

The GDE probability model (as described above in Section 3.1) was processed to select pixel 
values greater than or equal to (>=) 0.7 and a second selection at (>=) 0.5, and then clipped 
using the depth to groundwater model where depth to groundwater is between 0-10 m and 10-
15 m, and then clipped to the Singleton Station property extent. This is presented spatially in 
Figure 3-3 for values greater than or equal to (>=) 0.7, and Figure 3-4 for values greater than or 
equal to (>=) 0.5.  

This data was then intersected with the baseline Landform interpretation layer (as described in 
Section 3.2) to obtain an area determination of GDE by Landform (Figure 3-3 and Figure 3-4). 
The result is described in Table 3-1. 
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Table 3-1 Singleton Station landform mapping results 

Landform class 70% (>=0.7)GDE (Ha) 50% (>=0.5)GDE (Ha) 

Alluvial 3077 5180 

Sandplain 11348 32947 

Total 14425 38127 

Baseline GDE locations from the GDE probability model were then used in conjunction with the 
groundwater drawdown modelling associated with each individual bore field design 
configuration (i.e. scenario) to measure the areas where the threshold is likely to be exceeded. 
This is described in more detail below.   

3.4.2 Rate of drawdown 

The threshold of acceptable change to rate of drawdown is 0.2 m/year in areas where 
DGW is less than or equal to 15 m depth. 

The groundwater drawdown model (described in Section 3.3 above) provides drawdown depth 
year by year for a borefield scenario, and from this data, a rate of drawdown per year has been 
calculated and a data layer generated for each year for areas where rate of drawdown exceeds 
threshold. These data layers have been combined year on year to provide an aggregate (i.e. 
cumulative) data layer at each year. 

3.4.3 Maximum depth to groundwater 

The threshold of acceptable change to maximum depth to groundwater must not exceed 
10 m in areas where DGW is less than or equal to 10 m depth.  

Where DGW is predicted to exceed 10 m by the groundwater and drawdown modelling, a data 
layer was generated that calculated from the groundwater baseline, plus the drawdown depth – 
to identify where (across Singleton Station) this value exceeds 10 m. 

The threshold of acceptable change to maximum depth to groundwater is:  

• Less than or equal to 50% decline from baseline where DGW is less than or equal to 
10 m depth, and  

• Less than or equal to 35% decline from baseline where DGW is between 10 – 15 m 
depth. 

Where DGW exceeded the percentage decline from baseline, a data layer was generated that 
calculated from the groundwater baseline, the comparison of the drawdown value against 35% 
and 50% respectively of the baseline value within Singleton Station.  

All of the data layers described above represent areas where the limit of change to groundwater 
condition is exceeded. These have been aggregated so that the data, applied spatially to the 
maps presented in this report, represents the maximum, cumulative impact at each year.  

This impact is represented in the figures and data presented in Section 4 below.  
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4. Borefield planning 
4.1 Borefield layout consideration 

The groundwater model developed by Cloud GMS (see Section 3.3) has been used to assess a 
range of borefield configurations and pumping scenarios and their modelled groundwater 
drawdown extent during project operation and after pumping ceases i.e. during the water level 
recovery.  

In addition to the requirement to minimise to 30% the negative impact on GDEs, as discussed in 
Section 2.1, key considerations for the various borefield scenarios include: 

 Crop development in nine discrete, square blocks of 400 Ha each, and ideally the bore 
fields similarly planned in nine sub-fields, each coincident with the cropping blocks 

 Bore spacing within the sub-fields at 500 m, which improves the efficiency of water 
distribution to the crops without excessive interference between bores. 

 Blocks positioned to avoid flood prone areas such as the flood-out from Taylor’s Creek 

 Buffer zones between all blocks, but preferably with all nine blocks as close to each other 
as reasonably practicable 

 Crops which may require chemical spraying are located downwind of other crops  

 Crops that have a higher water demand located further from identified GDE areas than 
those with less water demand, thus reducing the GDE impact 

 Additional bores required to service the community and service hubs will be located outside 
the main production borefields. 

The borefield therefore consists of 144 bores divided into 9 blocks of 16 bores and 2 additional 
bores for the accommodation and service hub. The 9 blocks are sequentially developed over an 
8 year period as per the project development schedule (see Table 4-1) with full water demand 
achieved in Year 12. The borefield will be pumped for a further 18 years (total pumping duration 
30 years) and then operations will be halted and the groundwater system allowed to recover.  
This recover has been modelled over an additional 30 year period. 

The project development program is described in detail in the project development report. This 
details the crops that will be planted in each of the 9 blocks, and the order in which the blocks 
will be developed.   

Multiple borefield layout scenarios have been modelled in order to achieve a layout that is 
practicable from an overall project viewpoint and also meets the GDE protection criteria 
established by NT Government. 

FAFM’s preference is to locate the blocks immediately to the west of the rail line, thus 
minimising the distance of the farm from the Stuart Highway as well as reducing distances 
between various parts of the farm.  This layout is represented in Scenario 24 (refer Section 4.3). 

Whilst the overall impact on GDEs for Scenario 24 is close to the 30% threshold, it is clear that 
the impact on GDEs within the alluvial landform exceeds this 30% threshold.  This borefield 
scenario ultimately impacts on the alluvial GDEs south of Wycliffe Creek and within the Thring 
Swamp zone.  In order to avoid this negative impact it has been necessary to move the 
borefield further to the west.  The presence of the Taylor’s Creek floodout in this area has also 
resulted in the blocks being separated into two zones, east and west of Taylor’s Creek floodout 
respectively. 
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Consideration was also given to moving further to the northwest with some or all of the 
development.  However, as can be seen from the GDE distribution in Figure 3-3 and Figure 3-4, 
this takes the borefield towards one of the more substantial areas of GDEs in the NW part of the 
property. 

4.2 Scenario 28 

4.2.1 Location and layout 

Since 2017, CloudGMS has modelled different borefield configurations and determined the 
groundwater level response.  The layout of the chosen configuration, Scenario 28, is presented 
below in Figure 4-1, which also shows the locations of the following features: 

 West to east profile showing time-series drawdown 

 South to north profile showing time-series drawdown 

 Proposed observation sites i.e. locations of simulated groundwater level response to the 
pumping and recovery phases of the project 

 Proposed DENR GDE monitoring sites 

 Sites where culturally important Bean trees have been identified (Erythrina sp). 
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Table 4-1 Schedule of block rates in ML/yr (Scenario 28) 

Block No. of 
bores 

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10 Yr 11 Yr 12 

1 16 3058 3058 3058 3058 3058 3058 3058 3058 3058 3058 3058 3058 

2 16 935 1869 2990 3738 3738 3738 3738 3738 3738 3738 3738 3738 

3 16 0 1411 2821 4514 5642 5642 5642 5642 5642 5642 5642 5642 

4 16 0 0 1046 2091 3346 4182 4182 4182 4182 4182 4182 4182 

5 16 0 0 0 1411 2821 4514 5642 5642 5642 5642 5642 5642 

6 16 0 0 0 0 1411 2821 4514 5642 5642 5642 5642 5642 

7 16 0 0 0 0 0 3058 3058 3058 3058 3058 3058 3058 

8 16 0 0 0 0 0 0 1695 2218 2845 3264 3264 3264 

9 16 0 0 0 0 0 0 0 1144 2289 3662 4578 4578 

Hub 2 17 33 50 67 83 100 117 133 150 167 183 200 
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Figure 4-1 Location of Scenario 28 borefield configuration, including cross-section profiles and monitoring locations 
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4.2.2 Scenario 28 profiles 

The groundwater level drawdown response is presented below for the two profiles identified 
above in Figure 4-1. 

The response for the W-E profile is presented below in Figure 4-2 and Figure 4-3. The response 
for the S-N profile is presented in Figure 4-4 and Figure 4-5. 

 
Figure 4-2 W-E profile demonstrating the groundwater level response during 

the operational phase. 

 
Figure 4-3 W-E profile demonstrating the groundwater level response during 

the recovery phase. 
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Figure 4-4 S-N profile demonstrating the groundwater level response during 

the operational phase. 

 
Figure 4-5 S-N profile demonstrating the groundwater level response during 

the recovery phase. 
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4.2.3 Modelled drawdown area that exceeds the threshold 

The data layers generated as described in Sections 3.4.2 and 3.4.3 have been aggregated from 
year zero for each year, to determine the cumulative area in which the groundwater drawdown 
exceeds the threshold, at each year, for each scenario. Scenario 28 is represented graphically 
in Figure 4-6 and spatially in Figure 4-7.  

 

 
Figure 4-6 Scenario 28 - Extent (in hectares) of groundwater drawdown that 

exceeds threshold, over time. 
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4.2.4 Modelled GDE impact area 

The data layers generated as described in Sections 3.4.2 and 3.4.3 have then been overlaid on 
the 70% and 50% GDE probability mapping, and aggregated from year zero for each year, to 
determine the cumulative area (hectares), by landform, of GDE impact.  

Scenario 28 is represented graphically for the 70% GDE probability mapping in Figure 4-8 and 
spatially in Figure 4-9. Table 4-2 summarises the percentage of impacted area by landform in 
every five years for the 70% GDE probability mapping.   

 
Figure 4-8 Scenario 28 – extent of 70% model GDE impacted area, by 

landform and over time 

Table 4-2 Scenario 28 – 70% model GDE impact area quantified by landform 

Landform  Alluvial Sandplain Total 

to Year Unit    

10 Ha 58 783 841 

 % 2% 7% 6% 

15 Ha 58 783 841 

 % 2% 7% 6% 

20 Ha 58 784 842 

 % 2% 7% 6% 

25 Ha 95 809 904 

 % 3% 7% 6% 

30 Ha 399 1121 1520 

 % 13% 10% 11% 

40 Ha 787 1458 2245 

 % 26% 13% 16% 

60 Ha 793 1468 2262 

 % 26% 13% 16% 
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Scenario 28 is represented graphically for the 50% GDE probability mapping in Figure 4-10 and 
spatially in Figure 4-11. Table 4-3 summarises the percentage of impacted area by landform in 
every five years for the 50% GDE probability mapping.  

 
Figure 4-10 Scenario 28 – extent of 50% model GDE impacted area, by 

landform and over time 

Table 4-3 Scenario 28 – 50% model GDE impact area quantified by landform 

Landform  Alluvial Sandplain Total 

to Year Unit    

10 Ha 108 4585 4693 

 % 2% 14% 12% 

15 Ha 108 4585 4693 

 % 2% 14% 12% 

20 Ha 110 4599 4710 

 % 2% 14% 12% 

25 Ha 174 4740 4914 

 % 3% 15% 13% 

30 Ha 624 5576 6200 

 % 12% 17% 16% 

40 Ha 1160 6499 7659 

 % 22% 20% 20% 

60 Ha 1168 6537 7705 

 % 23% 20% 20% 
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4.2.5 Modelled GDE impact area for the Central Plains Management Zone 

The impact on GDE’s on adjacent properties to the south and southeast of Singleton Station 
has been included in this assessment, for Scenario 28. I.e. the data layers generated as 
described in Sections 3.4.2 and 3.4.3 have been overlaid on the 70% GDE probability mapping 
for the entire GDE probability mapping area. The results have been aggregated from year zero 
for each year, to determine the cumulative area (hectares), by landform, of GDE impact across 
the Central Plains Management Zone (CPMZ). This is represented spatially in Figure 4-12.   

Table 4-4 summarises the percentage of impacted area by landform at 40 years, the maximum 
impact year, for the 70% and 50% GDE probability mapping. 

Table 4-4 Scenario 28 –GDE impact area quantified by landform for CPMZ 

Analysis set Unit Alluvial Sandplain Total 

70% GDE at 40 yr Ha 788 2944 3732 

 % 25% 15% 16% 

50% GDE at 40 yr Ha 1173 11610 12783 

 % 22% 18% 19% 
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4.3 Scenario 24 

In contrast, the results for Scenario 24, in which the borefield configuration had the 9 blocks co-
located between the Taylors Creek floodout and the railway line, is presented below, to year 40, 
in Table 4-5 and Figure 4-13. 

This scenario represented FAFM’s optimal bore field from a project perspective.  The impact 
across sand plains is well within acceptable criteria but does not meet the criteria for alluvium.   

It is possible that the vegetation on this alluvium is reliant on shallow groundwater that is 
regularly replenished by rainfall events, and is not impacted by drawdown in the deeper regional 
aquifer system.  If this can be demonstrated, it may provide a basis for relocating later stages of 
the borefield development closer to the rail line, as discussed in the Project Adaptive 
Management Plan. 

Table 4-5 Scenario 24 – 70% model GDE impact area quantified by landform 

Landform Unit Alluvial Sandplain Total 

to Year     

30 Ha 1790 1859 3649 

 % 58% 16% 25% 

40 Ha 1885 2221 4106 

 % 61% 20% 28% 
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4.4 Scenario 19 

A number of Scenarios have been tested against the GDE probability model, Scenario 19 is a 
typical example of the attempt to minimise impact on alluvial landforms in the Wycliffe Creek 
and within the Thring Swamp zone. The bore field layout placed 4 fields to the west of Taylors 
Creek and 5 fields between Taylors Creek and the highway. The resulting probable impact 
indicated it was not suitable due to the high alluvial impact, the result are tabulated in Table 4-6, 
and represented spatially in Figure 4-14. 

Table 4-6 Scenario 19 – 70% model GDE impact area quantified by landform 

Landform Unit Alluvial Sandplain Total 

to Year     

30 Ha 1326 1765 3091 

 % 43% 16% 21% 

40 Ha 1514 2207 3721 

 % 49% 20% 26% 
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4.5 Scenario 21 

Scenario 21 reconfigured the bore field with 6 fields to the west of Taylors Creek and 3 fields 
between Taylors Creek and the highway (similar to the chosen Scenario 28). The resulting 
probable impact indicated it was a suitable candidate due to the low impact.  The results are 
tabulated in Table 4-7 and represented spatially in Figure 4-15. 

The results of this scenario led to the development of SC28. 

Table 4-7 Scenario 21 – 70% model GDE impact area quantified by landform 

Landform Unit Alluvial Sandplain Total 

to Year     

30 Ha 215 1234 1449 

 % 7% 11% 10% 

40 Ha 579 1679 2258 

 % 19% 15% 16% 
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4.6 Scenario 22 

Scenario 22 is a reconfiguration of scenario 12, an earlier scenario that arranged the wells in 
three larger fields across the AAPA Certificate subject land. The borefields are aligned roughly 
parallel with Wycliffe Creek, and with the pumping demand distributed over a larger area to 
reduce the drawdown envelope it was postulated that this would reduce impact on the GDE in 
the Wycliffe Creek alluvium. The analysis revealed that this configuration was not acceptable, 
with the results provided in Table 4-8 and spatially in Figure 4-16. 

Table 4-8 Scenario 22 – 70% model GDE impact area quantified by landform 

Landform Unit Alluvial Sandplain Total 

to Year     

30 Ha 900 2464 3364 

 % 29% 22% 23% 

40 Ha 1221 2780 4001 

 % 40% 25% 28% 

 



Singleton StationSingleton Station

Scenario 22

-5

-10

-15

-25
-20

-30

-35

-5
-30

-2
0

ST
U
AR
T 
H
IG
H
W
AY

FIGURE 4-16

0 2 4 6 8

Kilometers

Project No.
Revision No. A

12525955Fortune Agribusiness
Singleton Station Studies

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 53

Paper Size ISO A4

o
Data source: GDE & Groundwater Model, NT DENR, 2020;Drawdown Model, FortuneAgriBusiness (CloudGMS), 2020; Topographic, GA,2020; World Imagery: Source: Esri, Maxar, GeoEye, Earthstar

Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.  Created by: tworth
C:\Users\tworth\Documents\12525955_Working_1\12525955_Working_2.aprx
Print date: 30 Jul 2020 - 20:31

Legend

GDE Impact by Landform

Alluvial

Ridges

Sandplain

AAPA Certificate
subject land

Singleton Station
Boundary

Model GDE at 70%

Drawdown Contour
(5m) Scenario 22 - Spatial extent of

70% model GDE impacted,  by landform
and over time. - at Year 30

Date 30/07/2020



 

GHD | Report for Fortune Agribusiness Funds Management Pty Ltd - Singleton Horticulture Project, 12525955 | 69 

5. Conclusions 
GHD has undertaken a desktop assessment of the potential negative impact on GDEs 
associated with groundwater extraction for the Singleton Station Horticultural Project. FAFM has 
worked with CloudGMS and GHD to determine a borefield configuration that minimises the 
extent to which the groundwater extraction for the project is likely to impact negatively on the 
GDE values across Singleton Station and within the Central Plains Management Zone.  

Scenario 28 is the preferred borefield configuration, in that it does not exceed the groundwater 
drawdown thresholds set by DENR.  

Field validation is required to validate and refine a final map of the type and extent of GDEs 
within Singleton Station (and adjacent areas potentially affected by the development, if 
relevant). Field validation is also required to indicate ‘high value’ GDE patches as described in 
DENR 2020b.   

It is clear from the analysis that the overall GDE impact of Scenario 28 does not exceed 20% in 
total, and the impact on the extensive sand plains landform remains comfortably below 20%.  
The alluvium however, whilst relatively small in area, is largely located in a small portion of the 
property near Wycliffe Creek and Thring Swamp, east of the Stuart Highway.  It has been 
necessary to reposition the bore field further to the west than would be preferred, in order to 
reduce the impact on these alluvials to below the 30% threshold. 

In the longer term, field validation of the DGW contours will also be required, and it is noted that 
the current data is based on limited data points.  This will be undertaken by DENR and FAFM 
when new bores are drilled and monitored. 
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Appendix B. MCAP Results 

 Bore ID Latitude Longitude Bore use Bore Depth 
(m) 

pH EC 
(µS/cm) 

Likelihood 
Score 

RN005409 -21.0049 134.4026 Observation 22.3 7.1 1630 4.18254 

RN015174 -20.7179 134.2387 Observation 41.9 7.5 1310 4.18254 

RN018405 -20.9257 134.038 Observation 48.9 8 554 3.904762 

RN016933 -20.9867 134.204 Observation 61.5 7.585 2250 3.738095 

RN015578 -20.7175 134.2568 Observation 102.1 7.55 1212.5 3.626984 

RN015588 -21.1684 134.5732 Observation 90.7 7.933333 825.6667 3.626984 

RN006439 -20.6993 134.1671 Observation 33.5 7.8 2600 3.571429 

RN006437 -20.7096 134.1566 Observation 35.2 7.766667 2083.333 3.571429 

RN013754 -20.7644 134.2041 Observation 58.4 7.7 1840 3.460317 

RN005394 -21.0036 134.4079 Observation 62.5 7.8375 1598.857 3.460317 

RN018118 -20.9854 134.3126 Observation 78.9 7.95 1270 3.460317 

RN017595 -21.0163 134.441 Observation 92.4 8.3 1240 3.460317 

RN006440 -20.6938 134.1727 Observation 33.1 7.95 3650 3.404762 

RN015589 -21.0856 134.5771 Observation 89 7.85 2195 3.293651 

RN001476 -20.9108 134.2208 Observation 39.9 9.2 1270 3.293651 

RN002545 -21.1553 133.4983 
 

15.2 7.266667 876.5 3.293651 

RN015587 -21.0732 134.5017 Observation 100.1 7.8 1202.5 3.18254 

RN017587 -21.0731 134.5017 Observation 109.1 8.2 1080 3.18254 

RN015580 -20.6893 134.2617 Observation 71.8 7.7 3085 3.126984 

RN015579 -20.6674 134.2454 Observation 102.1 7.75 2455 3.015873 

RN016932 -20.9867 134.2023 Observation 102 8 2430 3.015873 

RN010721 -21.0379 134.673 Extraction 24.4 7.4 630.7143 3.015873 

RN015966 -21.0138 134.0491 Extraction 46 7.4 490 3.015873 

RN000437 -20.7952 134.2373 Extraction 50.9 7.525 1829 2.849206 

RN014747 -21.1373 133.8297 Extraction 45 7.2 1825 2.849206 

RN000683 -21.0045 134.4072 Extraction 24.4 7.677 1745.556 2.849206 

RN014519 -20.8247 134.3861 Extraction 30 7.6 1730 2.849206 

RN006891 -20.907 134.6378 Extraction 45.7 7.566667 1493.333 2.849206 

RN010841 -20.8741 134.5013 Extraction 39.7 7.666667 1213.333 2.849206 

RN011008 -20.9613 134.5383 
 

36 7.585714 1132.857 2.849206 

RN010840 -20.9977 134.6107 Extraction 33.5 7.566667 1062.667 2.849206 

RN018114 -21.1036 134.5024 Observation 102.9 10.8 1220 2.738095 

RN006895 -20.9786 134.5729 Extraction 61 7.64 997.2 2.738095 

RN014357 -21.1647 134.2986 Extraction 48 7.6 2930 2.68254 

RN010843 -21.0895 134.7417 Extraction 49.8 7.4 2450 2.68254 

RN013753 -20.7652 134.204 Extraction 33.5 7.55 2230 2.68254 

RN015033 -20.9675 133.5424 
 

13.3 7.933333 1230 2.68254 

RN000438 -21.0089 134.1889 Extraction 61.3 7.68 2000 2.571429 

RN006443 -20.7957 134.2373 
 

61 7.2 1652.5 2.571429 

RN015582 -20.7382 134.3347 
 

54 7.55 1535 2.571429 
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 Bore ID Latitude Longitude Bore use Bore Depth 
(m) 

pH EC 
(µS/cm) 

Likelihood 
Score 

RN011011 -20.9612 134.5191 
 

55 7.666667 1443.333 2.571429 

RN013755 -20.6275 134.2068 Extraction 95 7.3 1183.333 2.571429 

RN011013 -20.9432 134.5253 
 

60 7.6 1146.667 2.571429 

RN007017 -20.9609 134.5301 Extraction 68.6 7.525 1142.5 2.571429 

RN015140 -20.6456 134.2175 Extraction 59 7 1140 2.571429 

RN011007 -20.9613 134.5383 
 

84 7.666667 1090 2.571429 

RN006896 -20.965 134.6367 Extraction 88.4 7.5 1050 2.571429 

RN001259 -21.1072 134.4915 Extraction 59.2 7.58 1048 2.571429 

RN005950 -20.6404 134.2262 Extraction 62.2 7.245833 1003.833 2.571429 

RN001801 -20.9813 134.4213 Extraction 29 7.798889 980.4286 2.571429 

RN001253 -21.0426 134.6757 
 

26.2 7.7 850 2.571429 

RN012697 -21.0444 134.6712 Extraction 30.5 7.7 826 2.571429 

RN005951 -20.7154 134.2843 Extraction 37.8 7.75 783.3333 2.571429 

RN001261 -21.1884 134.5102 Extraction 47.6 7.9 769 2.571429 

RN012698 -21.0442 134.6717 Extraction 27 7.809091 739.3636 2.571429 

RN010205 -20.6516 133.4668 Extraction 23.8 7.9 660 2.571429 

RN002046 -20.7151 134.2849 Extraction 30.5 7.9 650 2.571429 

RN002047 -20.8155 134.3131 Extraction 30.5 7.675 3026.667 2.515873 

RN018338 -20.8395 134.2894 Observation 232.7 8.7 1460 2.460317 

RN013201 -20.962 134.2053 Extraction 85 7.5 2360 2.404762 

RN001258 -21.0944 134.6611 Extraction 56.4 7.675 2142.5 2.404762 

RN002048 -20.7641 134.1854 Extraction 30.5 7.85 1905 2.404762 

RN001776 -21.0044 134.4065 Extraction 29 7.834 1863.889 2.404762 

RN010232 -21.0167 133.8108 Extraction 39.6 7.7 1860 2.404762 

RN015968 -20.7977 134.2351 Extraction 45 7.8 1825 2.404762 

RN015245 -20.7967 134.2358 Extraction 40 7.9 1820 2.404762 

RN000682 -21.0012 134.408 Extraction 24.1 7.944444 1818.875 2.404762 

RN011877 -21.0396 134.6982 Extraction 48.5 7.833333 1816.667 2.404762 

RN001800 -20.9964 134.4024 Extraction 28.7 7.95 1740 2.404762 

RN001777 -20.9964 134.4024 
 

27.4 8.1 1719.8 2.404762 

RN010538 -21.0091 134.3997 Extraction 36.6 7.9 1596.667 2.404762 

RN011179 -20.9996 134.4099 
 

30 8.2 1580 2.404762 

RN010204 -20.7656 133.5094 Extraction 27.4 8 1560 2.404762 

RN005788 -21.0086 134.4043 Extraction 34.1 7.817647 1542.938 2.404762 

RN010537 -21.0093 134.4043 Extraction 36.6 7.85 1473.333 2.404762 

RN006898 -20.8467 134.6714 Extraction 115.8 7.64 1876 2.293651 

RN015586 -20.733 134.2796 
 

102.1 7.6 1625 2.293651 

RN000436 -20.643 134.2237 Extraction 115.9 7.37 1292 2.293651 

RN016797 -20.7456 134.3792 Extraction 75.8 6.9 3960 2.238095 

RN015244 -20.7954 134.2357 
 

50 7.75 2995 2.238095 

RN014356 -21.1281 134.4104 Extraction 30 7.7 2670 2.238095 

RN003709 -20.7656 133.5095 Extraction 30.5 8.15 2250 2.238095 

RN005427 -21.0051 134.4065 Extraction 36 7.85 2225 2.238095 
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 Bore ID Latitude Longitude Bore use Bore Depth 
(m) 

pH EC 
(µS/cm) 

Likelihood 
Score 

RN015160 -21.1556 133.4967 Extraction 48 7.3 12490 2.18254 

RN001257 -21.0063 134.6633 Extraction 40.3 7.55 5110 2.18254 

RN006442 -20.7107 134.1555 
 

19.2 7.8 4100 2.18254 

RN015176 -21.0565 134.1812 Extraction 102.3 7.6 2990 2.126984 

RN010224 -21.1385 134.1252 Extraction 67.1 7.85 1835 2.126984 

RN015967 -20.7997 134.2354 Extraction 52 7.9 1810 2.126984 

RN006897 -20.8743 134.6732 Extraction 93.3 8 1800 2.126984 

RN015175 -20.7955 134.2373 Extraction 54.1 7.8 1775 2.126984 

RN015581 -20.7253 134.3032 
 

78.5 7.7 1692.5 2.126984 

RN018390 -20.9966 134.3201 Extraction 80.3 8 1540 2.126984 

RN010744 -21.0069 134.4059 Extraction 61 7.803846 1475.346 2.126984 

RN014562 -21.0472 134.0878 Extraction 54 7.8 1390 2.126984 

RN015583 -20.7807 134.412 
 

84 7.9 1292.5 2.126984 

RN016196 -20.6412 134.223 Extraction 54 7.766667 1206.333 2.126984 

RN010203 -20.8498 133.549 Extraction 71.6 7.85 1075 2.126984 

RN002049 -20.6124 134.1242 Extraction 30.5 7.75 3885 2.071429 

RN014355 -21.1936 134.572 Extraction 60 8.2 2330 1.960317 

RN001262 -21.0099 134.5172 Extraction 58 7.825 2071.25 1.960317 

RN013752 -21.1897 134.2237 
 

100.6 7.45 3090 1.960317 

RN015396 -21.0169 133.5303 Extraction 54 7.4 46600 1.904762 

RN011178 -20.9997 134.4099 
 

181 7.86 1786 1.849206 

RN011180 -21.0061 134.4089 
 

119 7.88 1421 1.849206 

RN011012 -20.9432 134.5253 
 

114 7.72 1208 1.849206 

RN012371 -21.0723 134.1171 Extraction 61 8.03 3210 1.793651 

RN010202 -21.0606 133.4469 Extraction 47.5 8 5490 1.738095 

RN010219 -21.1403 133.9711 Extraction 54.9 7.825 11327 1.460317 
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