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1. Introduction 

1.1 Purpose 
The purpose of this report is to document the groundwater monitoring plan and associated adaptive management 

program that is proposed to be implemented by Fortune Agribusiness Funds Management Pty Ltd (FAFM) at the 

Singleton Horticulture Project (SHP).  

Under Section 60 of the Water Act (1992) FAFM were granted a take and use licence from the Western Davenport 

Water Control District. There were a number of conditions attached to the licence which must be fulfilled in order 

for the 40,000 ML/y entitlement in the licence’s Staging Conditions to take effect.  

This plan documents how FAFM propose to comply with Condition Precedents (CP) 7 and 8. The initial focus 

specifically on a monitoring program for the Stage 1 development, and outlines requirements for the longer term 

monitoring. Subsequent revisions of the document will provide greater detail on the monitoring program for later 

stages, and the ‘ultimate’ longer term monitoring network. 

1.2 Objectives and targets 

1.2.1 Condition precedent CP7 

Condition Precedent is related to the development of an adaptive management plan. The conditions of CP7, and 

how they are addressed within the document by FAFM are described in Table 1. 

Table 1 Condition precedent CP7 

Condition precedent FAFM response 

The licence holder must develop and submit for approval by the Controller, an adaptive 
management plant. The adaptive management plan must: 

This document 

(a) Include clear and measurable objectives that: Refer Section 2.3 

(i) Achieve (or reduce) the predicted impact on groundwater levels as determined 
under CP5; 

 

(ii) Maintain groundwater quality in accordance with water quality objectives 
declared under section 73 of the Act; 

 

(iii) Protect 70% or more of the groundwater dependent ecosystems in each of the 
two major land form classes (Aeolian sandplain and alluvial plain) on the Land 
as determined under CP5; and 

 

(iv) Supports the Aboriginal cultural values identified under CP10;  

(b) be prepared in consultation with the department Refer Section 10 (10.4)   

(c) specify the monitoring parameters that will be used to demonstrate that the objectives 

under CP7(a) are being met 

Refer Section 8 (8.2) 

(d) include the trigger values and limits identified under CP10(d) for initiating adaptive 

management actions 

Refer Section 8 

(e) include quantitative triggers and limits which can be used to initiate adaptive 

management actions when: 

Refer Section 8 (8.4) 

(i) groundwater level response to water taken under this licence deviates from the 

prediction mapped in CP5 

 

(ii) groundwater quality objectives are likely to be impacted; or  
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Condition precedent FAFM response 

(iii) impact on the health of groundwater dependent ecosystems is measure or 

predicted to exceed 30% of the extent of the groundwater dependent 

ecosystems in each of the two major land form classes (Aeolian sandplain and 

alluvial plan) on the Land as determined under CP5; 

 

(f) define management actions that are capable of being implemented in a timely way to 

meet environmental objectives 

Refer Section 8 (8.4) 

(g) establish who in the licence holder’s organisation makes the decision to implement 

management actions under the plan in response to triggers and the evidence on 

which such decisions must be made; 

Refer Section 9 

(h) incorporate a feedback system to ensure appropriate actions are initiated when 

triggered and environmental objectives are always being met; and 

Refer Section 10 (10.1) 

(i) Include a review process to ensure appropriate actions are updated as knowledge and 

technology improves. 

Refer Section 10 (10.3, 10.4)   

 

1.2.2 Condition precedent CP8 

Condition Precedent CP8 requires that an approved monitoring program must be implemented to assess the 

impact of water taken under the licence on groundwater levels in the water resource, the health of mapped 

groundwater dependent ecosystems (CP5) and other users of the water resource. The conditions of CP8, and how 

they are addressed within the document by FAFM are described in Table 2. 

Table 2 Condition precent CP8 

Condition precedent FAFM response 

The monitoring program must:  

(a) Be prepared by a suitably qualified professional  

(b) Include the monitoring parameters, methodology and frequency for monitoring 

impact attributable to water taken under the licence on: 

Refer Section 6 (6.3) 

– Groundwater level  

– Groundwater quality (including salinity)  

– The health of groundwater dependent ecosystems, and  

– Aboriginal cultural values  

(c) Include multi-level monitoring bores for defining stratification of groundwater quality 

parameters 

Refer Section 6 (6.2) 

(d) Include a review process to ensure continuous improvement of the monitoring 

program and 
Section 10 

(e) Be implemented immediately following the Controllers approval.  
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1.3 On-going development 
Throughout the duration of the development phase of the project (Stage 1), FAFM will undertake the on-going 
development, amendment and up-grading of this groundwater management plan (GMP) to address: 

– Improvements in the hydrogeological understanding of the SAP including specific sensitive receptors 

– Changes in management processes 

– Comments and feedback for regulatory agencies and other stakeholders 

– Changes in statutory requirements 

– Changes in technology and work methods to improve processes 

– Changes identified by the continuous improvement of processes 

A review process is required to ensure continuous improvement of the monitoring program. This is discussed 

further in Section 10.310. 

 

1.4 Document control 
Version 001 / Revision A 
 
Note- This is a live document and additional versions will be prepared 
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2. Project overview 

2.1 Purpose of project 
The Singleton Horticulture Project (SHP) is located in the Western Davenport Region, approximately 380 km north 

of Alice Springs, and 1,160 km south of Darwin, in the Northern Territory of Australia. Singleton Station covers 

2,949  km2 held under perpetual pastoral lease 01022 (NT portion 653). The location of the development is shown 

in Figure 1. 

FAFM acquired Singleton Station, a 294,900 ha pastoral lease located in the Western Davenport region of the 

Northern Territory of Australia, following the promotion of horticulture investment in Central Australia by NT 

Government. This property has immediate access to key infrastructure such as power, road and rail. The site 

overlies significant, economic water resources, is in an area of low pest and disease prevalence and has 

favourable soils and climate. Singleton Station lies within the Western Davenport Water Control District which was 

declared a Beneficial Use Area under the Water Act in 2007 (Northern Territory Government 2018). 

FAFM strategic growth plan is to stage the development of approximately 3,500 Ha of intensive irrigated 

horticulture in four stages over 9 years, with construction for stage one proposed to commence in mid-2023 and 

full operation proposed to be reached in 2036 (approximate). 

 

The regional is subject to mean temperatures of 32°C in summer and 17°C in winter and has negligible frost risk. 

There is a low pest and disease prevalence (fruit fly free). Crops being considered for planting by FAFM include: 

– Mandarins 

– Grapes (table and dried) 

– Onions 

– Avocados 

– Musk melons (e.g. cantaloupe) 

– Jujube 

– Fodder 

 



"

"

"

#

#

!

E

E

E

E

E

A
lice S

prings D
arw

in R
ailw

ay

S
tu

art H
ig

h
w

ay

Barkly Highway

Kinjurra Road

Scraper Station Road

Ali Curung Road

Singleton Station
Homestead

Epenarra

Imangara
(Murray Downs)

Jarra Jarra

Kunayungku
Outstation

Ngurrutiji

Kurinelli
Outstation

Wycliffe Well

Kurundi
Station

Tennant Creek

Ali
Curung

Hurst C re
ek

Opal Creek

Morgan Cre

ek

M
ia

M
ia

C
re

ek

Dixon Creek

Wauchope Cree
k

B
oomerang Creek

Ta
yl

or
C

re
ek

Kelly Creek

South East Creek

D
on

ke

y Creek

E
d

inb

urgh Creek

MosquitoCreek

Bul
lC

re
e

k

Munadgee
Creek

C
an

teen

C
re

ek

GilbertC
reek

Han lon Creek

Sutherland Cre
e

k

Ya dd

anilla
Creek

Turk ey
C

re
ek

H
an

so
n

R
iver PoundCreek

Skinner Creek

Jim
m

y 
Cre

ek

Granite Cre ek

Kurundi Creek

Poison Cre
ek

Shir le
y

C
re

ek

Murray
Cr eek

Skin

n
e

rC
re

ek

W
ycli

ffe Creek

W

histleduck Creek

Gastr alobiu mCre ek

Hatch
es

C
r e

ek

F rewR iver

Lenne e Creek

Bonney C reek

Teat
re

e Cr ee k

W

a lka
bout C

re
ek

M
claren Creek G

os
se

Rive r

H
an

so
n

R
iv

er

Kur
un

di
Cr eek

Legend

" Towns

# Stations

! Roadhouses

E Community

Railway

Watercourse

Principal Road

Minor Road

Site boundary

Singleton Station

Proposed cropping area

Services Solar
Community Hub

Cadastre

FIGURE 1

10/21/2022Date
-Revision No.
12580936Project No.

Location of  Singleton Station

Singleton Horticulture Project Referral
Groundwater Management Plan

Fortune Agribusiness

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

0 10 20 30 40

Kilometres

Paper Size ISO A4

Data source: Cadastre - DRM 2007 . General topography - GA 2018 World Imagery: Earthstar Geographics.  Created by: cmacgregor\\ghdnet\ghd\AU\Darwin\Projects\43\12580936\GIS\Maps\Deliverables\12580936_GWMP.aprx
Print date: 21 Oct 2022 - 14:43
Whilst every care has been taken to prepare this map, GHD make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind (whether in contract,
tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

DARWIN

KUNUNURRA

CAMOOWEAL

ALICE SPRINGS

MOUNT ISA

PORT KEATS
(WADEYE)

HALLS CREEK

TENNANT CREEK

NIRRIPPI

KATHERINE

BARUNGA
(BAMYILI)

MATARANKA

LAJAMANU

Project site

Regional Locality

Ali Curung

Tanami Road

St
ua

rt 
H

ig
hw

ay

Barkly Highway

ALICE SPRINGS

TENNANT CREEK

Project site



 

Fortune Agribusiness Funds Management Pty Ltd |  Groundwater Monitoring Program and Adaptive Management Plan  6 

 

 

2.2 Purpose of this plan 
The purpose of this document is to provide a framework to be implemented by FAFM that meets CP7 and CP8 

and ensures that the agricultural is sustainable from both a corporate and environmental perspective. This 

groundwater management plan (GMP) specifies the activities, resources and timelines that FAFM will apply to 

achieve this objective. It also documents the processes and procedures to be adopted by FAFM, and the 

accountabilities, to ensure effective implementation of the plan.  

2.3 Objectives 
The objectives of this plan and targets for managing groundwater related impacts during the development, and on-

going operation of the Singleton Horticulture Project are summarised in Table 3. 

Table 3 GMP objectives 

Phase  

Corporate FAFM is committed to: 

- Preservation and enhancement of unique ecological systems 

- Preservation of Traditional Owner heritage plus economic opportunity 

- Developing a showcase example of sustainable food production 

- Cleanest and freshest produce for the people of Australia, Asia and beyond 

Groundwater is an essential and precious resource for the realisation of the Singleton Horticulture 
Project and the benefits that will flow. FAFM is committed to maximising efficiency of water use and 
minimising any impacts that may arise from groundwater utilisation. 

Planning Establish base line data on groundwater levels and groundwater quality 

Design a network of monitoring sites that will deliver optimum measurements during the first stage of the 
project development 

Establish the parameters that will guide the progressive expansion of the monitoring network throughout 
the project life 

Operation Optimise the location and operating regime of the borefield for the initial stages of project development 

Enable the detailed design of future stages of the borefield expansion 

Minimise the number of production bores (and greenhouse gas generation) required to be operated to 
meet irrigation demands. 

Environment Protection of the aquifer integrity, e.g. avoidance of aquifer compaction 

Maintain groundwater quality 

Minimise or avoid adverse impacts on: 

- groundwater dependent ecosystems (protection of 70% or more of GDEs) 

- yield of neighbouring stock and irrigation bores (production capacity) 

- traditional owner cultural values 

Prevent excessive salinisation of soils 
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3. Obligations 

3.1 Legislation 
This GMP has been prepared in accordance with Northern Territory (NT) and commonwealth legislation. A list of 

the legislation relevant to this plan is provided in Table 4. 

Table 4 Legislation relevant to Groundwater Management 

Jurisdiction Legislation 

State (NT) Water Act (1992) 

Water Regulations (1992) 

EPA Act (2020) 

Federal Environment Protection and Biodiversity Conservation Act (1999) 

3.2 Standards, best practices and guidelines 
Table 5 contains a list of standards, guidelines and best practice documents relevant to this plan. 
 

Table 5 Standards, best practices and guidelines 

Jurisdiction Instrument, guideline 

State (NT) Guidance on Adaptive management Draft Guidelines, Version 0.4 (NT EPA 2018) 

NT Department of Mines and Energy Methodology for the Sampling of Groundwaters, Advisory Note, 
2009. Northern Territory Department of Mines and Energy (DME), NT Government, Darwin. 

Northern Territory Government, Department of Environment and Natural Resources (2020) Limits of 
acceptable change to groundwater dependent vegetation in the Western Davenport Water Control 
District 

Conditions attached to Licence WDCP10358 

National Australian Groundwater Modelling Guidelines (Barnett et al 2012) 

Minimum construction requirements for water bores in Australia (NUDLC 2020) 

Australian/New Zealand Standard on Water Quality Sampling - Part 1: Guidance on the design of 
sampling programs, sampling techniques and the preservation and handling of samples (AS/NZS 
5667.1:1998), Standards Australia, New South Wales. 

Australian/New Zealand Standard on Water Quality Sampling – Part 11: Guidance on sampling of 
groundwater (AS/NZS 5667.11:1998), Standards Australia, New South Wales. 

ANZECC & AMRCANZ 2000, Australian Guidelines for Water Quality Monitoring and Reporting, National 
Water Quality Management Strategy Paper No 7, Australian and New Zealand Environment and 
Conservation Council (ANZECC) and Agriculture and Resource Management Council of Australia and 
New Zealand (ARMCANZ), Canberra. 

ANZECC & AMRCANZ 2000, Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality, National Water Quality Management Strategy Paper No 4, Australian and New Zealand 
Environment and Conservation Council (ANZECC) and Agriculture and Resource Management Council 
of Australia and New Zealand (ARMCANZ), Canberra 

AS4482.1 – 2005 Guide to the investigation and sampling of sites with potentially contaminated soils 

ISO21413:2005 Manual methods for the measurement of a groundwater level in a well 

National Industry Guidelines for hydrometric monitoring, Part 2 (BoM) 

Explanatory notes for Water Regulations Metadata and Contextual Information. Category 2 – 
Groundwater resource information 
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Jurisdiction Instrument, guideline 

 Australian Groundwater Modelling Guidelines (Barnett et al 2012) 

 

3.3 Policy and procedures 
The future success of FAFM will be underpinned by the following values which drive the behaviours and decisions 

of the FAFM Board and Management, and will be reflected in all FAFM employees, partners and suppliers. 

– Care – we care for each other, the community and the environment in which we operate 

– Collaboration – trusted collaboration with like-minded businesses and the community leads to better 

outcomes for all 

– Cutting edge –adopting the best proven technology across the full horticulture supply chain will deliver a 

showcase project. We value excellence. 

Singleton represents the future of food production. The world is craving sustainable food supplies free from any 

form of contamination. To achieve this we need clean soil, clean water and clean air.  

Singleton is a uniquely pristine environment for food production and FAFM is committed to protecting this 

advantage. This will be achieved in partnership with the local Indigenous community and the developing local 

horticulture industry. 

In planning and operating our assets we will work with the community and the regulators to ensure sensitive 

natural ecosystems are protected. We will also work with the Traditional Owners to protect and promote Aboriginal 

history and culture in the region whilst providing opportunities for local social and economic growth. 

Our large scale horticulture project will draw on the latest technology and farm practices to ensure we optimise the 

economic efficiencies of our operations while minimising or eliminating environmental impacts. 
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4. Background information 

4.1 Geological setting 
The SHP lies within the Wiso and Georgina Basins, which are structural downwarps which have preserved 

Palaeozoic rocks. These basins overlie Palaeoproterozoic strata and intrusives. In the SHP area, the Palaeozoic 

formations (mostly sandstones, and mudstones) are approximately 300 m deep and are overlain by upwards of 

60 m of Cenozoic sediments (alluvial and lacustrine deposits).  

An interpretated geological section is aligned close to the southern part of the SHP as interpreted from Tickell 

(2014) and shown in Figure 2.  

 

Figure 2 Interpreted Cenozoic aquifer system 

Source: Tickell (2014) 
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4.2 Hydrogeology 
The hydrogeology of the SHP has been inferred from drilling undertaken in the broader region, including recent 

exploratory drilling by Geoscience Australia as part of the Exploring for the Future (EFTF) project.  

Groundwater is present in both the Cenozoic and Palaeozoic formations, however, the SHP will be targeting the 

Palaeozoic sandstones of the Lake Surprise Sandstone (or its time equivalent the Dulcie Sandstone in the 

neighbouring Georgina Basin) for sourcing irrigation water. Existing water bores in the broader region have been 

providing yields suitable to support irrigation development between depths of 60 m and 120 m below surface.  

The sandstones constitute a fractured rock aquifer system, which may be overlain in parts by Cenozoic sediments. 

The degree of groundwater connectivity between the Cenozoic formations and Palaeozoic is not well understood, 

and forms an acknowledged uncertainty (refer section 8.3) that is to be assessed as part of the Stage 1 

exploration drilling program and borefield development works. 

The groundwater salinity is generally fresh in the central plains area and existing bores near the SHP have 

salinities below 1,000 mg/L Total Dissolved Solids (TDS). Groundwater levels are interpreted to be between 5 m to 

20 m below surface, with regional groundwater flow towards the north.  

Note- To be updated following site investigation program 

4.3 Overview of numerical groundwater model 
CloudGMS was engaged by FAFM to undertake numerical groundwater modelling (NGM) studies of the SHP to 

support the extraction licence application. The groundwater model was constructed using the finite element 

FEFLOW software package, consistent with the Australian Groundwater Modelling Guidelines (Barnett, et al 

2012). Modelling was benchmarked against previous regional groundwater modelling completed for the Western 

Davenport Water Control District (CloudGMS 2017). 

FAFM modelled 45 different borefield and cropping layouts using trial and error to adopt an optimum development 

plan that meets the GDE acceptable limits criteria (NT Government 2020) and is commercially viable. The effects 

of production bore spacing and geometry on local and regional groundwater levels were examined and the 

borefield geometry / bore spacing refined. The sensitivity of the groundwater system was assessed based upon 

the various borefield configurations. CloudGMS (2019) reported that an optimal borefield would require:  

– Adequate separation between the centre line of the borefield and the identified GDEs.  

– Distributed or elongated borefield geometry 

– Adequate production bore separation distances to reduced pumping interference effects. 

– Access to good quality groundwater.  

Using the above criteria and the existing groundwater model, FAFM has designed a borefield that is predicted to 

negatively impact an overall maximum of 10.5% of GDEs on Singleton during the 30 year life of the project. In the 

30 years following shutdown of the bores, the impact reaches a maximum of 15.6% (12.7% and 25.3% 

respectively on the alluvial landform). These are well within the allowable limits (30%). This borefield layout is 

referred to as Scenario 45 (S45) and the predicted influence of groundwater pumping has been presented in later 

sections of this plan.  

Drawdowns were predicted by the numerical groundwater model for 5 year periods over the 30 year life of the 

Project. These predicted drawdowns have been used to facilitate the planning and staging of a groundwater 

monitoring network (refer section 6.2). There are recognised uncertainties with numerical groundwater modelling, 

however, these are addressed as part of the adaptive management strategy. A requirement of this plan is that: 

– Reviews of the monitoring data are undertaken to compare the actual observations against the those 

predicted by the numerical groundwater model. 

– The model is periodically verified, updated and recalibrated, as necessary, so that it can be applied to track 

compliance against the condition precedents and ensure that adverse environmental impacts are avoided or 

minimised.  
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4.4 Sensitive receptors 
Sensitive receptors are parties or the environment that could be adversely effected by the SHP irrigation 

development. The SHP irrigation needs to be undertaken in a manner that will either reduce or eliminate the 

impact to these receptors. The key sensitive receptors to the SHP are: 

– Existing groundwater users, e.g. Neutral Junction irrigation development 

– Groundwater dependent ecosystems (GDEs) 

• Systems on alluvial plains 

• Systems on Aeolian sandplains 

– Traditional owner values and sacred sites, e.g. specific trees, soaks and water holes. 

The sensitive receptors are shown in Figure 3 and are described further in Table 6. These receptors could be 

impacted by: 

– Changes (fall) in groundwater levels 

– Changes (increase in salinity) of groundwater quality 

Table 6 Sensitive receptors and their relationship to the FAFM borefield 

Type Name / description Radial distance from 
borefield 

Traditional Owner Sacred site:  

Other site:  

Existing third party 
bores 

Neighbouring irrigation and stock bores at Neutral Junction  

Ali Curung water supply Minimum 20 km to the east of 
the project 

DEPWS Monitoring bores 
Not considered to be sensitive and would part of the broader 
groundwater monitoring network of the region. 

 

  

GDEs Sandplain type 
Broadly scattered throughout the Project Area. 

 

 Alluvial type 
Principally identified along the alignment of the Skinner and Wycliffe 
Creeks. 

Approximately 8 km to the 
northeast of the eastern 
cropping area. 

Note- Table 6 to be updated with specific identification and list of features as they are confirmed 

 

 



<<Figure 3: Information cannot be publicly displayed>> 
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5. Development description and staging 

5.1 Timeline 

5.1.1 Controls 

Under Licence to Take Water WDCP10358, staging conditions have been specified and reproduced as Table 7. 

Staging is critical to the adaptive management plan as it limits the volume of water that could be taken in any 

period to allow for the impacts of the water taken in the previous stage/s to be monitored, to determine that the 

extraction is behaving as predicted, and is managed within defined thresholds that meet the environmental and 

cultural objectives.  

Table 7 FAFM SHP entitlement staging 

Stage Year  Entitlement 
(ML/y) 

Period  Development block 

1 0-3 12,788 For a period of 3 years from the date the 
Controller approves, in accordance with CP2, 
that the Conditions Precedent have been 
satisfied. 

Blocks 1, 2 and 3 

2 4-6 22,845 For a period of 2 years from the date the 
Controller approves, proceeding from Stage 1 
to Stage 2.  

Blocks 1, 2, 3, 4, and 5 

3 7-9 31,779 For a period of 2 years from the date the 
Controller approves, proceeding from Stage 2 
to Stage 3.  

Blocks 1, 2, 3, 4, 5, 6 
and 7 

4 9+ 40,000 For the remaining duration of the licence from 
the date the Controller approves, proceeding 
from Stage 3 to Stage 4.  

Blocks 1, 2, 3, 4, 5, 6, 7, 
8 and 9 

 

5.2 Establishment of infrastructure 
Monitoring infrastructure will be developed using an iterative approach by FAFM, which has been summarised in 

Figure 4. Investigations will be undertaken to develop (and characterise) the groundwater resource, and as part of 

these investigations, monitoring bores will be established. The initial investigations will have multiple objectives: 

– Establish groundwater production bores 

– Establish monitoring bores 

• Support pumping test investigations to understand the aquifer behaviour 

• Near to the borefield to assess production performance and growth in the cone of depression 

• Far from the borefield to establish background conditions. In some cases these would be established in 

GDE locations which may not be effected for 10 years to 20 years after the commencement of pumping. 

This is required to obtain background information pre-groundwater disturbance, but also to understand 

potential variations caused by longer term influences, e.g. climate change 

• Understand the interaction between hydrogeological units, e.g. between the Cainozoic and Palaeozoic 

aquifers 

• Understand the flow processes occurring at spring, GDE sites and Traditional Owner sites 

In addition, test holes that fail to produce yields could be converted into monitoring bores. 

The Stage 1 investigation programs will comprise a number of campaigns to establish the production bore 

infrastructure. As the hydrogeological understanding improves, amendments to the monitoring network may be 
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required. Monitoring will commence early in Stage 1 as the network is established to enable a baseline of 

conditions to be established. As operations commence in Stage 1, the monitoring program will address extraction 

licence compliance requirements.  

Stage 2 commences following approval from the NTG and additional drilling programs will be undertaken to 

expand the production borefield, and ensure the monitoring network is adequate. Monitoring for compliance 

requirements continues as per Stage 1. 

 

Figure 4 Development of monitoring infrastructure 

Note: n = Stages 2 to 4 

The monitoring program would have the following objectives: 

– Operational activities: 

• Performance of the production bores 

• Irrigation water quality 

• Soil water quality 

• Aquifer response to pumping, to inform subsequent stages of development 

– Environmental compliance: 

• Verification of predictive modelling 

• Compliance with licence conditions 

• Extent of the pumping radius of influence 

• Potential impacts to sensitive receptors (in terms of both water level and quality) such as: 

– GDEs  

– TO sites 

– Existing groundwater users  

• Overall resource sustainability 

– Update of the numerical model (which is required to address both operational and environmental compliance) 
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6. Groundwater monitoring 

6.1 Establishing baseline conditions 

6.1.1 Approach 

Groundwater monitoring is required to: 

– Characterise the hydrogeological conditions of the SHP and hydrogeological conceptualisation. 

– Establish and refine a baseline groundwater condition 

– Identify departures from the baseline due to SHP operation. 

Baseline conditions need to be established to assess the impact of the FAFM operations on the regional 

groundwater system, i.e. Identification of deviations between predicted and observed drawdowns. These potential 

impacts can then be assessed to evaluate the risk to sensitive receptors (and resource sustainability) through 

comparison against trigger levels. This enables interventions to mitigate further impacts. 

To establish baseline conditions, sufficient historical time-series data on key monitoring parameters such as 

groundwater level and groundwater quality is required, to identify natural variations (e.g. climatic factors) so that 

these can be differentiated from changes caused by the SHP irrigation development. This is a common, 

unavoidable issue with many developments. However, with the staging of the entitlements, and implementation of 

an adaptive management plan, a long time series of baseline information can be obtained to support the 

assessment of conditions associated with sensitive receptors. This is discussed further in section 6.2.6.  

At the time of preparation of this GMP, FAFM have no monitoring or production bores established at the SHP. The 

only time-series information that is available is from State monitoring bores located in the broader region (refer 

section 6.2.2), and therefore some time-series monitoring data is existing in the region pre FAFM development, 

albeit with disturbance from existing irrigation development. To establish baseline conditions and implement a 

tailored monitoring program, the following process described in Figure 5 is proposed to be adopted. 

 

Figure 5 Monitoring process 

Note: Figure excludes existing monitoring implemented by DEPWS. 

6.1.2 Baseline conditions: levels and quality 

Baseline conditions need to be established prior to the commencement of groundwater production. Whilst there is 

some existing groundwater monitoring information, it is spatially distant from the Singleton site, and the time series 

record is limited. Furthermore, there are sensitive receptors that are at risk from the development that are currently 

not monitored (and of uncertain or unknown hydrogeological conceptualisation). 
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Changes in groundwater quality will be driven by changes in hydraulic gradients (i.e. water levels). Therefore, 

groundwater quality tends to be a lagging indicator, whereas changes in groundwater level are a leading indicator. 

FAFM anticipates that the baseline conditions for groundwater levels will be established at more locations than 

those for groundwater quality. 

As part of the Stage 1 development, FAFM propose to: 

– Install monitoring bores prior to the commencement of irrigation pumping 

– Increase the sampling frequency.  

In order to build up a time-series data set, during the Stage 1 development FAFM may collect monitoring data 

at a greater frequency. This will be relaxed as the hydrogeological understanding the response of the aquifer 

improves through adaptive management. Shallow monitoring bores monitoring conditions in unconfined 

aquifers may require a higher monitoring frequency relative to deeper aquifers. 

– Install automated monitoring equipment to record water levels (and quality such as salinity) at a higher 

resolution. 

– Site monitoring bores close to (within), and further remote (outside) from the Stage radius of influence 

predictions. Remote bores that are not effected by early time irrigation development can inform the influence 

of climate / natural variations. 

– Prepare a baseline level and quality report that documents the baseline conditions. This report format and 

timing will be agreed with the State. 

For some areas, specifically the alluvial GDE systems that are mapped to the northeast of the FAFM cropping 

areas (refer Figure 3), FAFM is proposing to install monitoring bores in the early phases (i.e. Stage 1) of the 

monitoring network staging. The current NGM predicts that the groundwater drawdown will not reach these areas 

until after 15 years of pumping. Under these circumstances FAFM will obtain at least 15 years of monitoring 

information at these sensitive receptors prior to any water level disturbance predicted to be imposed by FAFM. 

This should facilitate and understanding of both seasonal and decadal (e.g. drought, climate change) responses. 

Some outlying bores (i.e. in areas predicted as being highly unlikely to be impacted in the first 10 years) may not 

necessarily be installed by FAFM early in the development phase, however, monitoring bores will be installed 

between these features and the borefield to track the growth in the pumping radius of influence (refer section 

6.2.6).  

6.1.3 Baseline conditions: vegetation condition 

FAFM has conducted a field survey of vegetation in the vicinity of the Singleton Horticulture Project (SHP) to 

further validate the DENR methodology documented by Brim Box et al (2019) for remotely predicting the 

distribution of GDEs in the region. 

It is expected that the knowledge and science of GDEs in the Western Davenport region will improve as further 

field assessments are undertaken and both Government and groundwater developers implement monitoring 

regimes in parallel with groundwater extraction.  

It is clear that within the immediate boundaries of any borefield layout, the groundwater drawdown will exceed the 

accepted criteria at some point in time. It is also clear from groundwater modelling that the criteria will be 

exceeded within a perimeter zone outside the borefield itself (i.e. within part of the drawdown cone).  

All vegetation (including GDEs) within the horticultural plots and clearing area for tracks, borefield and 

accommodation and services hub will be removed. Modelled GDEs within this clearing area are included in the 

limits of acceptable change criteria. GDEs that remain within and surrounding the production blocks (e.g. as part of 

windbreaks or wildlife corridors), are also subject to these criteria. It should be noted, however, that both the 

cropping area and borefield have been located in a region of Singleton Station with the lowest modelled density of 

GDEs and where no sacred sites are present. 

An adaptive GDE monitoring program will be developed in consultation with DEPWS and other specialists in the 

field. This program will include the identification of key GDE reference sites and collection of baseline condition 

data, and ongoing GDE health monitoring and reporting by a suitably qualified ecologist/botanist. This monitoring 

program will be developed and implemented prior to the commencement of groundwater extraction as per CP5. As 

noted above with the early installation of groundwater monitoring bores in GDE areas, this should facilitate the 
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development of an understanding of the condition and behaviour of these systems prior to water level disturbance 

by FAFM. 

6.1.4 Baseline conditions: soil condition 

Baseline conditions in the soil in the irrigation areas will be characterised through soil sampling prior to the 

commencement of planting of the cropping areas. 

The survey included 35 detailed field sites for the description of landform, soil and vegetation characteristics. A 

small number of sites were subject to laboratory analysis. An initial soil condition and land suitability assessment 

was documented by McGrath (2020). McGrath (2020) noted that the survey intensity was lower than 

recommended but satisfies the minimum standards for mapping at 1:25,000 scale. A total of 37 samples over the 

4,890 ha were analysed for: 

– pH, EC, chloride, calcium, magnesium, potassium, sodium, effective cation exchange capacity, exchangeable 

sodium percentage and particle size analysis. 

The GHD salinity impact assessment (2022) has made further recommendations regarding the characterisation of 

soil chemistry as a baseline. This includes sampling density and laboratory analytes. The sampling frequency 

needs to be sufficient for further characterization at a site-scale (i.e., intensive agriculture) to verify suitability for 

irrigation with groundwater and inform operational practices. 

Plant (drilling rigs, backhoes, excavators) will be mobilised to the Project as part of the initial borefield exploration 

drilling programs. There will be an opportunity to incorporate soil characterisation studies as part of these 

investigations.  

6.2 Groundwater monitoring network 

6.2.1 FAFM monitoring assets 

FAFM has no existing monitoring assets, and such will be installed as part of the drilling investigations proposed to 

explore the development potential of the study area. 

Monitoring bores will be installed to enable: 

– Baseline water levels and groundwater quality in the saturated aquifer systems: 

• Groundwater level and groundwater quality trends over time in the formation being pumped 

• Groundwater level and quality trends over time in the overlying sediments 

Some monitoring sites will be monitoring conditions to assess the potential for impact of the FAFM operations on 

multiple sensitive receptors e.g. existing users (Neutral Junction Station), GDEs and TO sites. 

A staged investigation program will be carried out to confirm the optimum depth for accessing water in each part of 

the borefield as the project is progressively developed over nine years. This is discussed further in section 6.2.6. 

6.2.2 Territory monitoring assets 

The NTG has installed monitoring bores in the Davenport region, FAFM plans to work with DEPWS to ensure that 

new bores constructed by FAFM complement the NT monitoring bore network in the Western Davenport region 

rather than duplicate. The location of the existing NT network bores is shown in Figure 3, and their construction 

and formation monitored summarised in Appendix A.  

6.2.3 Other 

There are some existing stock bores installed on the Singleton lease and they have been shown in Figure 3, and 

their construction and formation monitored have been summarised in Appendix A. 

The use of stock bores for monitoring water levels is questionable as the water levels in these bores will be 

influenced by their operation. FAFM will undertake a review of each bore to assess access into the bore for water 

level monitoring. The stock bores, however, provide an opportunity to enable water quality characterisation. 
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6.2.4 Monitoring bore construction 

To ensure the integrity of monitoring data, monitoring bores will be constructed consistent with the NUDLC (2020) 

minimum requirements. Key considerations include: 

– Bores are licensed with the NTG 

– Adequate seals are incorporated into the bore construction to ensure that the screen zone is representative of 

the formation being monitored. 

– Monitoring bore construction (and lithological) information is stored in a centralised database. 

– Monitoring bores need to constitute long term monitoring assets, e.g. ability to remain functional for periods of 

over 20 years. 

Monitoring sites will comprise one of the following configurations: 

– Standpipes to measure water levels in both a uifers, either as two “nested” bores or as one bore with two 

standpipes, suitably sealed between the screened layers 

– A single bore/standpipe targeting either the deeper or the shallower aquifer system 

– A single bore with one, two, three of four vibrating wire piezometers (VWPs) installed at different levels of 

interest 

Selected VWPs will be fitted with data loggers for continuous (pore pressure) monitoring whereas open standpipes 

will be used when periodic water sampling is required. Sites are to have a known construction i.e. screen depth & 

seals and are to be recorded in a centralised database. 

6.2.5 Monitoring bore survey 

Survey of the monitoring bores will be to the specification summarised in Table 8. 

Table 8 Monitoring bore survey 

Element Precision Unit 

Location Field GPS ±5 m m Australian Map Grid (AMG) 

Elevation  Differential GPS ±0.1 m m Australian Height Datum (AHD) 

6.2.6 Monitoring network installation staging 

Extensive NGM has been undertaken to determine the staging of the borefield development, but also the timing on 

the establishment of monitoring bores. The installation of the monitoring bores will be staged based upon the 

following considerations: 

– Bores installed to track the progressive expansion of the pumping radius of influence 

– Bores are installed well before the predicted radius of influence is reached, to provide a minimum of 2 years, 

and for some sensitive receptors, over 15 years, baseline data prior to water level disturbance. 

The monitoring network will be expanded to track the longer term expansion of the pumping radius of influence. 

Figure 6 shows: 

– indicative site locations to be installed by years 5, 10 and 15. These bores and there monitoring objectives are 

summarised in Table 9.  

– The predicted pumping radius of influence at 5, 10, 15, 20 and 30 years of development 

– The cropping areas and their staging 

– The sensitive receptors. 



<<Figure 6: Information cannot be publicly displayed>> 



 

Fortune Agribusiness Funds Management Pty Ltd |  Groundwater Monitoring Program and Adaptive Management Plan  20 

 

 

Table 9 Proposed FAFM monitoring network 

Bore 
ID 

Phase Nested 
Site 

  Objective Est. 
Year to 
be 
installed 

Est. Year 
predicted 
impacted 

Comment 

Easting Northing RoI BF GDE TO TP Q 

FAFM-
1 

1 ✓ 

403040.4 7693290 

✓ ✓    ✓ 1 <5 Mapping the development of the 
ROI around the production 
borefield. These need to be 
installed early to obtain baseline 
information, and will be used to 
provide updates to the early 
versions of the numerical 
groundwater model. 

2 1 ✓ 404255.5 7691427 ✓ ✓    ✓ 1 <5 

3 1 ✓ 404194.8 7689482 ✓ ✓    ✓ 1 <5 

4 1 ✓ 403141.6 7687680 ✓ ✓   ✓ ✓ 1 <5 

5 1 ✓ 400913.9 7689503 ✓ ✓   ✓ ✓ 1 <5 

6 1 ✓ 400974.7 7691487 ✓ ✓    ✓ 1 <5 

7 
2  

403580.7 7696017 

✓ ✓  ✓  ✓ 1 <5 Early time indicator – b/n borefield 
and other heritage site. 

8 2  406289.7 7694540 ✓ ✓    ✓ 1 <5 Mapping radius of influence 
expansion rates (within the first 
5 years) 9 2  408156.1 7688033 ✓ ✓    ✓ 1 <5 

10 

2  

402854.9 7685272 

✓ ✓    ✓ 1 >5 Early time indicator (with FAFM-4) 
of impacts to irrigation 
development to the south. 

11 2  396516.7 7686684 ✓ ✓   ✓ ✓ 1 >5 Mapping radius of influence 
expansion rates (within the first 
5 years) 12 2  396011.2 7692453 ✓ ✓   ✓ ✓ 1 >5 

13 2  400262.6 7694527 ✓ ✓    ✓ 1 >5 

14 
3  

403398.6 7697735 

✓ ✓  ✓   1 >5 Early time indicator – b/n borefield 
and other heritage site. 

15 3  407397.2 7699171 ✓ ✓     4 >5  

16 3  412660.2 7697302 ✓ ✓     4 >5 Suitable when Plots 6 to 9 are 
being commissioned. 

FAFM-17 Early time indicator – 
b/n borefield and other heritage 
site. 17 

3  

415430.6 7689853 

✓ ✓  ✓   4 >5 

18 
3  

412956.4 7680775 

✓ ✓     4 >5 Early time indicator of impacts to 
more remove third party users. 
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Bore 
ID 

Phase Nested 
Site 

  Objective Est. 
Year to 
be 
installed 

Est. Year 
predicted 
impacted 

Comment 

Easting Northing RoI BF GDE TO TP Q 

19 3  404526.4 7676523 ✓ ✓     4 >5 Some third party users, but 
generally used to map increasing 
ROI from the borefield 20 3  391454.2 7680811 ✓ ✓     4 >5 

21 3  388641.8 7692292 ✓ ✓     4 >5 

22 3  395690.6 7697383 ✓ ✓     4 >5 

23 1 Y 403637.8 7705106      ✓ 1 >15 

24 1  408946.5 7703625   ✓   ✓ 1 >15 Early time indicators of impacts to 
third party users, also GDEs. 

25 1 Y 414060 7701512   ✓  ✓ ✓ 1 >15 

26 1  417709 7697312  ✓ ✓  ✓ ✓ 1 >15 

27 4  418100.6 7689853  ✓ ✓  ✓ ✓ 9 >15 

28 4  415998 7673140       9 >15 Some third party users, but 
generally used to map increasing 
ROI from the borefield 29 4  398750.7 7671477       9 >15 

30 4  384814.8 7679120 ✓      9 >15 

31 4  382305.1 7692167 ✓      9 >15 

32 4  387882.8 7702383 ✓      9 >15 

33 4  396176.1 7705573 ✓      9 >15 

Note: 

Objectives (bore may have multiple objectives): 

ROI – mapping the radius of influence (objective applies to most bores) 

BF – Borefield performance (drawdowns and quality at borefield) 

GDE –  

TO – sensitive TO sites. 

TP – Third party bores (suspect a secondary objective only) 

Q – Monitoring water quality (if nested – at different intervals) – (objective applies to most bores) 

Year of installation indicative only 

All new bores installed would be sampled following their development to enable further characteristation of the groundwater quality. Some bores (Q) will have a specific objective of higher frequency 

water quality monitoring / sentinel monitoring. 

As additional TO sites are identified through stakeholder consultation, these would be added to the monitoring program. 
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These bore locations are indicative only and are subject to: 

– Changes in siting owing to the access restrictions and farm planning 

– Changes in the timing of installation 

– The outcome of updates to the hydrogeological conceptualisation and predictive numerical modelling. 

– The results of the early phases of the production bore drilling program. For example, bores not providing 

sufficient yield would be converted in to monitoring bores etc. 

Monitoring bores have not been specifically shown around plots 6 through 8, as groundwater production is initially 

proposed from the western borefield / cropping areas. It is anticipated that monitoring bores would be established 

in these areas as part of the drilling program to develop the borefield near to this cropping area. This would be 

shown in subsequent updates to this monitoring plan. 

The initially stages of drilling and monitoring bore construction would be prioritised on the following criteria: 

– Proximal to the initial production bores to monitor aquifer and pumping performance 

– Sufficient areal coverage to provide confidence in the baseline depth to groundwater and spatial coverage of 

groundwater quality 

– Placing bores in a direction from the SHP towards a concentration of sacred sites or GDEs in order to provide 

a measurable response at least five years before drawdown is expected at the target sites 

– Modelling (at the time) indicates that drawdown of 1 m can be expected within 3 years 

Additional monitoring bores will be installed if the measured drawdown in bores outside the borefield exceeds 

those triggers specified in this plan (refer section 8.4), e.g. observed water levels in monitoring bores are greater 

than 20% different from that predicted by the most up to date numerical groundwater model. Monitoring bores will 

be installed a minimum 2 years in advance of the predicted model extents, so that background water level and 

water quality can be obtained within the 24 months prior to ‘predicted’ change. 

Immediate / short term network 

Bores 1 to 3, 5, 6, 8, 9, 23 - 26  

At least two monitoring sites will be located within or near each of the four sub-bore fields that will service each of 

the four project development stages. These will be installed as part of the groundwater investigation that will 

precede each stage and all sites will monitor water levels in both the shallow and deep aquifers. Therefore a 

minimum of six (6 No) permanent monitoring sites will ultimately be situated within the borefield footprint. Four 

sites will be established as part of the Stage 1 groundwater investigation.  

Nested sites would be established early in the program to: 

– Understand interaction with TO and sacred sites 

– Interaction between production aquifer and water table. 

As previously noted, bores would also be installed to monitoring conditions at some sensitive receptors, which may 

be some distance from the borefield. Bores 23 to 26 are between the borefield and the alluvial GDEs associated 

with Wycliffe and Skinner Creeks. Outlying monitoring site established early in the network maximise the 

opportunity to collect background information. These areas are not expected to be influenced until after 15 years of 

pumping, thus established a reasonable baseline of conditions prior to water level disturbance. 

Bores 4, 7, 10 and 14 

These bores are located between the borefield and sensitive receptors proximal to the borefield. The objective is 

to track the expansion of the cone of depression extending from the borefield, but located such to provide sufficient 

time to a) verify the model but also b) implement management actions in response to triggers being reached.  

Subsequent stages / longer term network 

Outside the borefield footprint the monitoring network will be progressively expanded as the project develops in 

order to: 

– Measure the expansion of the drawdown cone  
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– Assess the connectivity between aquifers and 

– Water quality 

Bores 15 to 22 

These are located typically within the 5 year to 10 year area of predicted drawdown. During this period, cropping in 

plots 6 through 9 will commence, and therefore monitoring bores may be installed near these cropping areas as 

the production borefield is established.  

Additional bores have been indicated e.g 28 through 33, and further bores may be added to verify that the cone of 

depression under the extraction regime is behaving as predicted, and that the impacts are acceptable. 

It is noted that in the western areas there are few identified sensitive receptors and that in the outer lying limits of 

the cone of depression, bores 29 through 32 have been proposed. By the time these areas are effected it is 

anticipated that a reasonable understanding of the aquifer behaviour would be known, and that the reliability of the 

numerical groundwater model would be greatly improved. Under these circumstances, reviews of the monitoring 

data may result in the monitoring density in some areas being reduced, and greater monitoring directed towards 

higher risk areas e.g. alluvial plains GDEs to the north and northeast of the project areas.  

Note regarding TO bores 

The closest sacred sites are two bean trees and soaks located approximately 6 km and 4 km to the north and 

northwest of the Stage 1 development respectively. These sites are shown in Figure 3 and documented in Table 6. 

Monitoring in these two directions will also be a priority with a particular focus on measuring the connectivity of the 

soak water to the deeper aquifer. Other sites will be in the direction of the two bean trees noted above and towards 

Neutral Junction.  

Note regarding GDE bores 

The current knowledge of GDEs in the vicinity of the SHP relies heavily on the work of Brim Box et al (2019) which 

led to a methodology for predicting the distribution of GDEs (at 70% probability of occurrence), coupled with the 

field survey undertaken for FAFM to characterise GDEs and validate the GHD (2020) methodology. The SHP has 

been sited such that the predicted number of GDEs that may be impacted by groundwater drawdown is very small, 

at least for the first 25 years. There are, however, isolated GDEs closer to the project as well. 

It is proposed that sites be selected as follows for periodic monitoring: 

– Approximately six sites involving large trees that are located within the drawdown cone where at least 5 m 

drawdown is predicted over the life of the project. 

– Approximately six similar sites that are outside more than 2 metres of predicted drawdown. 

– All sites will be assessed at the beginning of the project and then on a five yearly basis. Although the bore 

field is unlikely to have any impact on most of the sites for many years, this earlier monitoring will provide a 

base line for GDE natural response to climatic conditions. 

 

6.3 Groundwater monitoring method 

6.3.1 Groundwater levels 

6.3.1.1 Method 

Groundwater levels will be gauged using a combination of methods: 

– Manual water level gauging (e.g. using a dip meter) 

– Automated monitoring (e.g. using automated pressure transducers and dataloggers). 

Both irrigation production bores and observation bores will be monitored. The former will be monitored to assess 

the dynamic performance of the production bore and available drawdown / hydraulic head above production 

pumps.  

FAFM are currently evaluating: 
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– The use of telemetry.  

The use of telemetry on remote monitoring bores may be practical and cost effective for bores that are 

logistically difficult to access, e.g. remoteness, health & safety considerations. 

– The use of vibrating wire piezometers (VWPs).  

VWPs could be installed as nested sites to monitor pore pressures at various intervals within the lithological 

profile. VWPs will be installed using fully grouted methods. The disadvantage of VWPs is that they do not 

enable water quality monitoring, and thus will be installed at sites to map the distribution of the pumping 

radius of influence. 

FAFM will develop a Standard Operating Procedure (SOP) for water level monitoring. 

6.3.1.2 Frequency 

The bores monitored (and the monitoring frequency) may change over time subject to periodical reviews 

completed by FAFM. This is required as some areas will equilibrate differently to others, as well as to optimise the 

monitoring program (cost and resources relative to the risk profile). For example, water levels will react faster in 

locations nearer to the location of pumping, therefore higher frequency monitoring is required at these locations. 

The frequency will depend upon the stage of the development and/or operation. 

During the initially Stage 1 development, and at the commencement of each subsequent stage, the water level 

monitoring frequency will be varied. Initially water level monitoring will be at an increased frequency: 

– To build up a time series of water level information that could inform the baseline condition 

– To be consistent with the expansion of the pumping radius of influence, i.e. the pumping cone of depression 

will expand relatively rapidly and stabilise over time as pumping rates reach maturity. 

Under long term operation, a quarterly water level monitoring frequency will be adopted as a minimum. 

6.3.2 Groundwater quality 

6.3.2.1 Method 

The groundwater monitoring program will target three key objectives: 

– Evaluate changes in the water quality over time in the production bores 

The objective of such sampling is twofold: 

• to verify the composition of the groundwater being used for irrigation.  

• Assess whether there are potential fouling contaminants that could adversely effect bore performance 

e.g. clogging of bore screens. 

– Map the pumping radius of influence as the development grows  

Initially four sites outside of the bore field will be chosen for sampling and testing. These will be chosen to 

give an approximate 360° coverage surrounding the borefield and will be sampled and tested every quarter for 

the first two years. As the drawdown cone expands the sampling network will also be extended further from 

the SHP. 

– Nested monitoring bores will be installed to identify and monitoring whether there is water quality stratification 

within the aquifer systems underlying the SHP 

– Sentinel bores to assess the migration of salt water / waters of varying quality. As part of the Stage 1 

development, FAFM will install monitoring bores in the broader regional to characterise the spatial salinity. 

Such monitoring will need to consider both the lateral movement of groundwater i.e. saline water migrating 

towards the irrigation production bores (or other sensitive receptors), as well as upconing (if there is a vertical 

differential in water quality). 

 

The location of proposed sentinel monitoring bores is shown in Figure 6 

Production bores will be sampled using valving incorporated into the bore headworks e.g. sample collected whilst 

the production bore is operating. 
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Monitoring bores will be sampled using industry approved methods e.g. DPIR (2016) or suitable equivalent (Vic 

EPA Publication 669.1 2022). Sampling procedures will need to consider: 

– Preservation and holding times 

– QA/QC procedures 

– Field monitoring of purging  

– Representativeness of the sample 

FAFM is evaluating other sampling methods such as the automated logging of Electrical Conductivity (EC) and pH. 

This will be considered for bores that are in areas that are difficult to access or for sentinel monitoring sites. 

FAFM will develop an SOP for groundwater sampling (production and observation bores). 

6.3.2.2 Frequency 

Frequency of the sampling will depend upon the bore type and phase of the development: 

– Every monitoring bore and production bore drilled on the property will undergo a basic water quality analyses 

so that a database of the spatial and vertical water quality of the regional aquifers can be populated. 

– Production bores subject to pumping tests may be sampled at a higher frequency e.g. test start, during and 

testing shut down 

– During operation, pumping bores will be tested biannually for a basic suite of analytes. For Stage 1, 

production bore sampling on a quarterly frequency, in order to build an understanding of water quality 

behaviour will be undertaken for the first 2 years. 

– Sentinel observation bores will be initially tested biannually (6 -monthly basis) subject to their risk profile (and 

groundwater model predictions), e.g. the frequency of testing may be increased as the borefield cone of 

depression expands. 

6.3.2.3 Sampling and analysis plan 

Field monitoring of water quality parameters will be undertaken as part of any groundwater monitoring event, and 

will include: 

– Installation of new bores (production or observation) e.g. monitoring of development water quality 

– Prior to collection of a groundwater sample (assessment of purging) 

– As required by FAFM to assess the water condition. 

All field monitoring equipment is to be calibrated and appropriate records of calibration are to be maintained. 

Samples for laboratory analysis will collected in laboratory supplied containers and submitted to NATA registered 

analytical laboratories. Analytical suites will vary depending upon the objective of the sampling, as summarised in 

Table 10. 
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Table 10 Indicative analytical plan: groundwater 

Type Analytical Plan 

Water quality verification (rapid 
check / low risk) 

TDS, EC, pH 

Production bores Major cations and anions (Ca, Na, Mg, K, SO4, Cl, NO3, HCO3, CO2-) 

Nutrient screen (speciated N, P) 

Physico-chemical (TDS, EC, alkalinity, fluoride, hardness, NTU,  

Turbidity 

Heavy metal screen 

Plant toxicity (e.g. Boron, Sodium, Chloride etc) 

Optional (diagnostic) 

Dissolved Fe, Mn 
IRB 

Observation bores  Major cations and anions 

Physico-chemical 

 

Optional 
Isotopes (aging) 
 

6.3.3 Soil quality 

6.3.3.1 Method 

Verification of salinity of drainage water to refine solute transport model 

The soils of the irrigation areas need to be sampled to address two objectives: 

– Soil health for crop condition e.g. operational requirements 

– Establish a baseline of soil condition within the cropping areas 

– Build-up of toxicants e.g. metals, salt i.e. adverse impacts on sustainability 

Soil sampling will be completed using industry approved methods. It is likely that a grid based method of sampling, 

with compositing will be undertaken to the characterise the soil quality. Sampling methods will include: 

– Manual auguring 

– Test pits 

Sampling procedures will need to consider: 

– Preservation and holding times 

– QA/QC procedures 

– Field testing 

– Representativeness of the sample 

FAFM will develop an SOP for soil sampling. 
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6.3.3.2 Frequency 

Irrigation land will be characterised annually. Samples for laboratory analysis will collected in laboratory supplied 

containers and submitted to NATA registered analytical laboratories. Analytical suites will vary depending upon the 

objective of the sampling, as summarised in Table 11. 

Table 11 Indicative analytical plan: soil 

Type Analytical PLan 

Health Check EC, pH 

Event based Analytes selected to address issue being targeted, e.g. salt scalding, deterioration in 
crop health, chemical spill 

 

 

6.3.4 GDE Health 

6.3.4.1 Method 

There are various documented methods for assessing the health of vegetation, for example: 

– Rangelands Monitoring (a requirement of the Pastoral Land Act (1992) 

– NT Guidelines and field methodology for vegetation survey and mapping (2007) 

. FAFM plans to work with DEPWS to agree a suitable and practical methodology for measuring the health of trees 

in the Western Davenport Region and, in particular, the parameters that confirm the tree is satisfactorily accessing 

water. 

In general the method will involve: 

– Formal baseline condition assessments e.g. site inspection by suitably qualified ecologist 

– Periodic on-ground condition monitoring by suitably qualified ecologist  

– Review of remote sensing data sets 

– Monitoring of water levels (and water quality) near these features 

– Periodical update of the hydrogeological conceptual model for these ecosystems. 

Cook and Eamus (2018) have outlined a number of methods to monitor the health of GDEs. FAFM plans to work 

closely with DEPWS to implement an agreed monitoring program that not only forms an important part of 

protecting    s nearby to    M’s de elopment, but is also designed to improve the overall scientific knowledge 

of GDEs and their interaction with groundwater.  

6.3.4.2 Frequency 

Formal condition assessments will be completed quarterly for the first 5 years and then reviewed after this period. 

6.3.5 Traditional owner cultural values 

6.3.5.1 Method 

The predominant sacred sites in the vicinity of SHP are trees, water holes and soaks and there is considerable 

overlap between these sites and GDEs.  

The methodology described above for monitoring the health of GDEs will also apply to monitoring the health of 

many sacred sites.  

However, FAFM plans to consult with the Traditional Owners of this land in order to seek their input to identifying 

sites that they wish to be monitored and to include these in the monitoring program. At the time of preparing this 

plan this had not been completed by FAFM but such sites are expected to have been identified (and undergone 

risk assessment) in subsequent revisions of this document. 



 

Fortune Agribusiness Funds Management Pty Ltd |  Groundwater Monitoring Program and Adaptive Management Plan  28 

 

6.3.6 Meteorological Data 

A weather station has already been established on Singleton Station. When the project starts this station will be 

moved closer to the site. 

Continuous measurement of all key weather parameters will be available by remote connection to the site. 

Parameters to be measured will include: 

– Daily minimum temperature 

– Daily maximum temperature 

– Rainfall 

– Barometric pressure 

– Wind speed and direction 

– Humidity 

6.3.7 Bore maintenance 

Bore monitoring assets need to be functional and operation for periods greater than 20 years. FAFM would need 

to implement a maintenance program that ensures that defensible monitoring data is obtained from these assets. 

This program could include: 

– Inspection and repair of damaged headworks 

– Periodic bore development  

– Periodic camera inspection (e.g. tree roots, fouling) 

– Resurvey of monitoring datums (where repairs are undertaken). 
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7. Risk register 

Key sensitive receptors of interest that could be impacted by alteration of groundwater levels (and/or groundwater 

quality) during the development and operation of the SHP could include: 

– GDEs in both sand plain and alluvial landforms 

– Existing groundwater users, e.g. Neutral Junction station 

– Traditional Owner sites, e.g. soaks and sacred site trees. 

The potential for these sensitive receptors to be impacted by the pumping operations has been assessed based 

upon the numerical modelling undertaken. The modelling has been based upon the stepwise increase in 

entitlements as per the entitlement staging summarised in 5.1.1. The likelihood of impact has been based upon the 

following: 

– Low: SHP production borefield radius of influence greater than 5 km away 

– Medium:  SHP production borefield radius of influence between 2 km and 5 km away 

– High: SHP production borefield radius of influence within 2 km  

The indicative risk profile is summarised in Table 12. This table is preliminary only and will be refined and updated 

with each model update i.e. minimum annual frequency, updates to the conceptual hydrogeological understanding, 

and consultation with the NTG. The objective of Table 12 is to highlight the monitoring priorities in both the short 

and longer term, which may change as the SHP develops towards maturity in its extraction. 

Table 12 Risk register – Indicative chart only 

Risk Year 0 - 5 Year 6 - 10 Year 11 - 15 Year 16 - 20 Year 21 - 25 Year 26 - 30 

Springs       

XX L     L 

YYY L     L 

GDEs       

 L     M 

 L     M 

Existing bores       

Neutral Junction L L    H 

XXX L L    H 

TO sites       

Bean Trees L     L 

Soak X  L     L 

       

Saline intrusion ID ID ID ID ID ID 

Notes: 

L – Low, M – Medium, H – High, ID – insufficient understanding to determine risk profile 

Note- Risk Register to be updated based on updates to Table 6 

In reviewing Table 12, the following is noted: 

– FAFM propose to undertake a number of site investigations, including exploratory drilling and pumping test 

investigations, to a) assess the development potential of the aquifer and b) install the monitoring network. 

This will significantly advance the hydrogeological understanding of the SHP. This will in turn result in further 

update to the NGM and review of risk profiles. 
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– The existing risk profile is based upon predictive modelling undertaken by FAFM. The borefield configuration 

has been designed based upon the NGM, to minimise drawdown impacts to GDEs. 

– The risks have been based upon the current hydrogeological understanding at the time of the GMP 

preparation. This is to establish the required action to either better understand the potential risk, or to identify 

additional measures required to manage the risk. A preliminary set of control measures has been 

documented in the next section that will be implemented if required when a trigger level has been reached. 
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8. Adaptive management 

8.1 Approach 

8.1.1 Requirement 

The DEPWS currently approved Western Davenport Water Allocation Plan (WAP) has identified a larger 

sustainable water resource for allocation than that included in previous WAPs. While this enables a larger overall 

water allocation to irrigators and others, the WAP also highlights a number of uncertainties and risks in the 

implementation of the WAP. These include:  

– Groundwater model assumptions and interpretation – the science around long term climate variability, aquifer 

recharge and regolith water is developing, and the number of data points in the model is limited. As bores are 

installed and pumped, monitoring will significantly improve the data to better calibrate the model and hence 

better estimate the broader impacts of groundwater extraction.  

– The scientific knowledge around Groundwater Dependent Ecosystems (GDEs) is also evolving and NTG 

enlisted the help of recognised experts in this area, e.g. Cook and Eamus (2018) to help guide their 

identification and management. Since the declaration of the WAP, Brim Box et al (2019) has conducted more 

detailed studies of GDEs in the Western Davenport region and devised a methodology for predicting GDE 

distribution from satellite imagery processing. This recent work also led to some changes to the criteria listed 

in the WAP for acceptable levels and rates of groundwater drawdown to protect GDEs.  

Similarly, the WAP requires sites of cultural significance to be protected. The methodology for assessing impacts 

to sites of cultural significance has only recently been issued by the EPA and is being used as the reference for 

   M’s impact assessment. It is noted in the WAP and elsewhere that many of the culturally significant sites are 

also GDEs and there is significant overlap between the two. 

The declared WAP includes the need for ‘adaptive management’ of groundwater extraction whenever there is a 

risk to GDEs, cultural values sites or to nearby licence holders. Adaptive Management also entails having the 

capacity to adjust activities and/or management decisions whenever groundwater conditions or behaviour differ in 

the future from what is predicted in the modelling. The development of an approved Adaptive Management Plan is 

a Condition Precedent in    M’s Water   traction Licence  W L) and will apply for the 30 year life of the Project. 

8.1.2 Defining the Management Problem 

The adaptive management plan outlined below is structured around the N   P ’s  uidance on  dapti e 

Management. The SHP involves the staged construction and operation of a borefield to irrigate 3,300 ha of crops 

as well as to provide water for processing activities and the workforce. The approved Water Extraction Licence 

(WEL) authorises the allocation of 40 GL of water in four stages o er a nine year period in line with the project’s 

development schedule. FAFM must satisfy a number of conditions before it can access each successive staged 

allocation. The conditions relate to meeting a number of environmental criteria as well as development timelines. 

The amount of water extracted each year will increase steadily from Year 1 to Year 12 and then remain relatively 

constant through to the end of the project at Year 30, as based upon the entitlement staging (refer Table and 

FAFM site development program documented in section Error! Reference source not found.). 

The pumping of groundwater from the operation of the borefield will lower the water table and create a cone of 

depression. As pumping continues, this will gradually expand in depth, and radial extent. As a response to the 

change in groundwater level in the pumped zone of the aquifer, hydraulic gradients will change which may cause: 

– Water to move vertically within the aquifer(s) within the lithological profile 

– Waters of differing groundwater quality can migrate towards the borefield. 

– Irrigation water applied to crops in excess of plant uptake will migrate vertically through the unsaturated zone 

towards the water table (which is being lowered as a result of pumping). 
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Unacceptable consequences may arise if: 

– Water levels decline: 

• in production bores drop to the intake of production pumps. Flow rates in individual bores will need to be 

reduced, and additional bores installed to meet the production demands. This impacts FAFM production 

rather than third parties or the environment. 

• resulting in the reduction in capacity of third party production bores (other irrigation bores or stock bores)  

• below vegetation of significant ecological value such that a proportion of the species will not be able to 

access sufficient water for survival. The ability of vegetation to access groundwater can depend upon the 

species and its maturity, e.g. mature trees with deep roots can access deeper water etc.  

• resulting in the decline of soaks (drying up) or sites of cultural significance. 

Note that any groundwater pumping will cause water levels to decline. For the Project, it is an issue when 

water levels decline at rates faster, and magnitudes greater, than that predicted by the numerical groundwater 

model.  

– Water quality deteriorates  

• Changes in the groundwater quality (e.g. rise in salinity), that is accessible to vegetation can potentially 

lead to adverse impacts. 

• Changes in groundwater quality at the production borefield can lead to the increase salt loads on the 

irrigation areas. This impacts FAFM production rather than third parties or the environment. 

• Changes in groundwater quality could effect TO sensitive sites e.g. loss of sacred trees. 

8.1.3 Measures to avoid impacts 

FAFM have undertaken a number of steps with the design of the SHP to avoid or minimise these consequences. 

Key tools used in the design include: 

– A comprehensive groundwater model that is used to predict the rate and extent of groundwater drawdown, 

and subsequently used to predict the impact on GDEs. This has been applied to underpin the timing (staging) 

of the elements of the monitoring program. 

– Mapping of GDEs in the Western Davenport region, and in more detail across Singleton Station and areas 

potentially subject to groundwater drawdown. 

– The obtaining of an Aboriginal Areas Protection Authority certificate which details sacred sites in the vicinity of 

the SHP. 

– Consultation with Traditional Owners 

–  doption of “best practice” irrigation management to minimise salinity impacts 

It should be noted that the SHP elements, such as the borefield and production blocks have been sited such that 

potential impacts to GDEs are predicted to be minimised, especially within the first 20 to 25 years of operation. 

Based on the existing modelling, after 25 years the overall impact on GDEs across Singleton Station is projected 

to be less than 6% (compared to an acceptable impact of 30%). This enables a substantial period in which to 

gather data on GDEs and their dependence on the groundwater. It also allows time for new research that will 

incorporated into the overall adaptive management plan. 

Notwithstanding the steps taken to optimise the project design, there is always a reliance on a number of 

judgements and assumptions. The strategy in this Adaptive Management Plan therefore is to begin with a 

conservative design and management system, monitor continually, and adjust key aspects of the project to ensure 

environmental impacts remain within acceptable limits. 

The monitoring and adaptive management is required to ensure that the risks to GDEs (amongst other sensitive 

receptors) remain at acceptable levels. The predicted impacts will be reassessed each time the numerical 

groundwater model is updated. If there are significant deviations in the observed versus modelling predictions, 

FAFM will take measures to mitigate against adverse impact to GDEs (size of impact). Ultimately this could mean 

FAFM reducing their volume of take (or not expanding to the full entitlement),or relocating production bores. 
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8.2 Metrics for quantifying impacts 

8.2.1 Groundwater Dependent Ecosystems 

NTG has defined specific objectives which must be met with regard to impact on GDEs from groundwater 

withdrawal. These are summarised in Table 13. 

Table 13 DENR GDE guidelines 

Type Guideline to prevent negative impact 

Threshold 70% of the current extent of GDEs (in both sand plain and alluvial landforms) in the Western 

Davenport WCD should be protected from negative impact 

Water level 
change / rate of 
change 

For GDEs occurring where the depth of groundwater is less than or equal to 10 m, potential for 

negative impact occurs if modelled extraction shows that one or more of the following may 

occur:  

– the maximum depth to water table exceeds 10 m 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.  

Potential GDEs in this zone should be delineated based on the modelled distribution (at 70% 

probability) developed by DENR with additional field validation where groundwater dependent 

ecosystems can be recognised using the indicator plant species described by DENR. 

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

negative impact occurs if modelled extraction shows that one or more of the following may 

occur:  

– 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.  

Potential GDEs in this zone should be delineated based on the modelled distribution (at 70% 

probability) developed by DENR with additional field validation, where groundwater dependent 

vegetation can be recognised by the presence of clusters of Corymbia opaca or C. aparrerinja 

with a height >= 10 m or DBH >= 30 cm. (DBH:‘diameter at breast height’). 

Note:  

1. Drawdown is based upon a cumulative impact of i.e. all groundwater pumping occurring within the region. 

2. It is noted that negative impacts to GDEs may also arise from land clearing associated with development proposals, and this should 

be included in calculations around the threshold of acceptable change. Land clearing approvals may also impose additional limits on 

clearing of particular vegetation communities, as described in the relevant Land Clearing Guidelines (NT Government 2020). 

In addition to these quantitative guidelines provided by DEWPS, some additional secondary metrics may be 

developed with DEPWS to qualitatively assess the impact of the SHP development upon GDEs. 

The predicted extent of drawdown relative to the mapped potential GDEs has been shown in Figure 3. FAFM 

propose to update the groundwater model and its predictions on long term GDE impact annually by incorporating 

all new aquifer data in the model and re-calibrating and re-running the model. The goal is to ensure predicted 

impacts remain below 90% of the allowable impacts throughout the project life. This new aquifer data will be 

sourced from the exploratory drilling programs (including pumping test investigations) undertaken to develop up 

and confirm the capacity of the groundwater resource. 

However, FAFM recognise that NGMs are only a tool, and ultimately the management of the groundwater pumping 

operations, and the potential effects on the sensitive receptors will be guided through adaptive management, using 

a rigorous program of monitoring combined with continual NGM verification. 
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8.2.2 Traditional owner values / sacred sites 

Groundwater extraction by FAFM has the potential to affect Traditional Owner (TO) values including: 

– Soaks and the availability of spring flows 

– Groundwater flows to trees and specific areas  

The cultural values of the Traditional Owners with respect to groundwater is less well understood, and has been 

determined from preliminary consultation with TOs and local Aboriginal stakeholders. Currently known sites have 

been documented in Table 6 and shown in Figure 7. The estimated extent of drawdown based upon the NGM is 

shown in Figure 6. 

In terms of a metric for assessing impact to TO sensitive receptors, groundwater drawdown has been adopted as 

the leading indicator. Changes in groundwater quality are likely to be a secondary indicator. FAFM recognises that 

TOs may have additional metrics for assessing the health of sacred sites and Country, and such will be 

established through further consultation with TO stakeholders. FAFM is committed to employ TOs in the 

monitoring program. 

8.2.3 Groundwater quality 

FAFM recognises that groundwater quality changes can adversely impact both GDE and TO sensitive receptors. 

However, groundwater quality changes are driven by changes in hydraulic gradients, and may take longer time 

periods to obviously manifest. Therefore FAFM will rely upon groundwater level changes as representing leading 

indicator of potential groundwater impacts. 

The spatial and vertical understanding of groundwater quality in the aquifer system is poor, however, it is expected 

to improve as both a production borefield, and monitoring bores are installed by FAFM to assess, develop and 

monitor the groundwater resource. 

FAFM proposes to implement the following measures to monitor groundwater quality 

– Production bore water quality characterisation (identifies transient water quality trends in the water being 

applied for irrigation) 

– Install a series of sentinel monitoring bores to spatially characterise the groundwater quality further afield from 

the production borefields. 

Changes in groundwater quality will be based upon: 

– Initial field screening of field water quality parameters, e.g. Electrical Conductivity (EC) will be a leading 

indicator 

– Laboratory analysis of groundwater quality: specifically the more inert substances in groundwater, e.g. 

chloride (laboratory EC, TDS). 

Trends in changing water chemistry will be analysed to identify if unacceptable conditions are developing and 

action needs to be taken. 

8.2.4 Existing groundwater users 

FAFM propose the following metric to assess the impact to existing, third party bores: 

– % loss in available drawdown in the impacted production bore. 

FAFM has assumed that all known bores will be identified on the NTG bore database. FAFM would complete a 

census of neighbouring bores (based on consultation with neighbouring landholders) to identify and confirm the 

operational status of the existing bores which may / may not be registered on the NTG bore database.  

 



<<Figure 7: Information cannot be publicly displayed>> 
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8.3 Identifying uncertainties and hypotheses 

8.3.1 Numerical groundwater model (NGM) 

FAFM have applied a NGM to locate bores and to control pumping such that predicted aquifer drawdown at 

significant GDE sites and other sensitive areas is within acceptable limits. Knowledge of aquifer parameters and 

groundwater behaviour will increase as the borefield develops, allowing for ongoing refinement of:  

– Bore locations  

– Bore spacing  

– Bore numbers  

– Pumping rates  

– Bore design and construction methods 

The groundwater model is based on assumptions around aquifer properties that are based on relatively limited 

data. Variations in aquifer parameters will lead to variations in prediction outcomes (drawdown rates and extent 

and hence impact on significant sites). 

To address uncertainties with the NGM, FAFM propose to undertake updates as the scientific understanding of the 

aquifers improves with the Stage 1 drilling programs, subsequent drilling programs, and on-going monitoring data. 

These model reviews are discussed further in section 10.2. 

8.3.2 Hydrogeological conceptualisation of SHP 

The basic understanding of the hydrogeological conceptualisation has been summarised in section 4.2. There are 
a number of uncertainties regarding: 

– Productive zones within the aquifer 

– Site specific aquifer hydraulic parameters 

– Groundwater quality 

– How connected the deeper aquifer is to the shallower systems and hence whether drawdown in the deeper 

aquifer may lead to drawdown in the shallower systems, and at what rate. 

To address these uncertainties, FAFM propose to: 

– install monitoring bores in multiple zones to vertically characterise: 

• Formation pressures 

• Presence / absence of aquitards / retarding beds 

– Undertake pumping test investigations to assess aquifer behaviour 

8.3.3 Hydrogeological conceptualisation of soaks 

No site specific investigations of soaks have been undertaken.  

The initial hydrogeological conceptualisation of these soaks are that they are fed by water that is less than 2 m 

depth. This is significantly shallower than the regional water table and implies that the water is from a source that 

is separate from the deeper aquifer, for example a perched water table overlying a clay layer that is periodically 

charged with surface runoff during rainfall events (Inflow Dependent Ecosystems or IDEs). This needs to be 

confirmed through on-ground investigations. 

Similarly to the conceptualisation of the production aquifers, FAFM propose to: 

– Geologically map soak / spring areas 

– Undertake site specific investigations 

• Install monitoring bores close to these features 
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• Characterise lithology 

• Characterise soak water quality / age 

8.3.4 Hydrogeological conceptualisation of GDEs and their 
environmental water requirements 

Mapping of GDEs utilised analysis of remote imagery followed by a field validation survey. Such a field survey 

cannot of course observe and identify every vegetated site and must rely on a statistical sampling of sites across 

the region. It is possible that more sites of significance are present. 

Initial hydrogeological conceptualisations suggest that there may be perched water present which is accessible for 

GDEs. The SHP will be pumping from the deeper, regional aquifer system beneath the property whereas the 

vegetation is reliant on access to water in the upper 20 m or shallower.  

Initial site investigation objectives will include the assessment of groundwater conditions near priority GDEs. 

Furthermore, (nested) monitoring bores are proposed to be installed near GDEs as part of the Stage 1 drilling 

program.  
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8.4 Trigger, Actions and Response 

8.4.1 Approach to trigger values 

The FAFM approach to adaptive management is by applying a Trigger – Action - Response system. This system 

comprises three basic tiers of action: 

– Trigger 1 – usually a prompt to investigation, implement further monitoring or analysis, data checks etc 

– Trigger 2 – specific mitigation actions 

– Trigger 3 – Actual impacts e.g. GDE health impacts.  

Objective of the tiered approach is to avoid the Trigger 3 circumstance, and provide sufficient time for FAFM 

to implement corrective actions to prevent unacceptable impacts. 

An example of this tiered approach is shown below in Figure 8, which relies on using water levels to establish the 

triggers. 

 

Figure 8 FAFM tiered Trigger – Action – Response approach 

FAFM will need sufficient time to implement remedial measures, and therefore the tiered approach allows time to 

review: 

– Baseline conditions, observed magnitude and rate of departure from the baseline i.e. trend 

– Verification of the monitoring results 

– Adopting an appropriate monitoring frequency, and adjustment of the frequency as necessary 

– To consider new monitoring sites  

– Monitoring program adjustments e.g. analytes 

– Technical, financial and logistical assessment of the possible mitigation measures 

– Likelihood of continued departure from baseline without further action 

– Preparation to implement mitigation measures 

– Informing management and compliance authorities 
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Different risks can be assessed on a case by case basis, allowing for tailoring of management responses that are 

specific to the observed scenarios. 

8.4.2 Triggers 

Tier 1 (alert) trigger to be set at a conservative value to allow for sufficient review and increase in monitoring to 

determine in the change in groundwater level or quality, GDE or TO condition represents an isolated departure, 

natural variation, or the indication of a trend away from the baseline conditions. At the Tier 2 (action) trigger, 

mitigation processes will then be implemented in response to a trigger exceedance. 

The Tier 1 (alert) and Tier 2 (action) triggers levels are based on inputs such as the observed baseline conditions, 

predictive NGM and consideration of the risk profile. Baseline conditions are yet to be established by Fortune.  

Trigger levels are summarised in Table 14 and the trigger levels or values will be agreed with the compliance 

agency / State prior to the commencement of irrigation development. Trigger levels are considered preliminary 

only and will be revised as the hydrogeological understanding of the aquifers and irrigation development improves.  

Table 14 SHP Trigger levels 

SHP phase Criteria Trigger Level 

Tier 1 (Alert)  Tier 2 (Action) 

Operation Bore production rates declining 
etc 

- 20% loss in yield - 30% loss in yield 

Salinity of irrigation water  - 5% increase in EC - 10% increase in EC 

Soil salinity under cropping 
area  

- 3% increase in Soil EC - 5% increase in Soil EC 

Inability to meet peak demand 
irrigation requirements 

- 70% of production bores 
required to be operating to 
meet irrigation demand 

- 85% of production bores 
required to be operating 

Loss in available head above 
production pump 

- Within 20 m of pump - Within 2 m of pump intake 

Compliance Groundwater level (drawdown) - Trigger level to be 
developed based upon the 
NGM update following 
onsite drilling 
investigations. 

- Observed spatial extent of 
drawdown is 10% greater 
since the commencement 
of pumping, compared to 
that of the predicted model 
(for the same entitlement). 
[Reduction in radial 
distance b/n sensitive 
receptor and drawdown 
extent by 10%] 

- Trigger level to be 
developed based upon the 
NGM update following 
onsite drilling 
investigations. 

- Observed spatial extent of 
drawdown is 20% greater 
since the commencement 
of pumping, compared to 
that of the predicted model 
(for the same entitlement). 
[Reduction in radial 
distance b/n sensitive 
receptor and drawdown 
extent by 20%]  

Changes in specific 
hydrochemistry parameters 
and rates of change 

- 5% change from baseline 
parameter 

- Recognised trend from 
analysis (e.g. rolling 
average, Mann Kendall test 
etc) 

- Exceedance of ANZG 
(2018) water quality 
objective (if not previously 
exceeded / naturally 
elevated background 
concentration) 

- 10% change from baseline 
parameter 

- Recognised trend from 
analysis (e.g. rolling 
average, Mann Kendall test 
etc) 

- Exceedance of ANZG 
(2018) water quality 
objective (if not previously 
exceeded / naturally 
elevated background 
concentration) 
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SHP phase Criteria Trigger Level 

Tier 1 (Alert)  Tier 2 (Action) 

Impact to private / third party 
groundwater users 

- 10% loss in available 
drawdown in registered, 
operational bores. 

- 20% loss in available 
drawdown in registered, 
operational bores. 

TO sensitive receptor  - As per Groundwater level 
(above) 

- As agreed with the TO / 
NTG 

- As per Groundwater level 
(above) 

- As agreed with the TO / 
NTG 

Impact on GDE health - As per Groundwater level 
(above) / 35% decline from 
baseline 

- 10% reduction in GDE 
condition (health, diversity) 
based upon mapping. 

- As agreed with the TO / 
NTG (e.g. 2% loss in area 
of 70% confidence) 

- As per Groundwater level 
(above) 

- As agreed with the TO / 
NTG (e.g. 5% loss in area 
of 70% confidence) 

 

8.4.3 Trigger response 

Tier 1 alert: initial response 

Where the Tier 1 alert has been triggered, FAFM will undertake a review of the data to ensure the monitoring 

equipment is working and measurements are accurate. Where measurements are assessed as being accurate, 

the monitoring and reporting program will typically be increased in frequency or extent to confirm the trend. 

– Undertake a risk assessment 

– Are the trigger values correct 

– Review contingency measures e.g. get bore designs prepared, NGM changes in production borefield 

configuration 

Tier 2 action: initial response 

FAFM will undertake a review of the data to ensure the monitoring equipment is working and measurements are 

accurate  

– Notification 

• FAFM from notify the regulatory agency 

– Assess the developing situation and agree on the measures to be put in place or removed, to further 

monitoring or act as appropriate including whether a contingency measure needs to be implemented 

– Agree on the nature and frequency of monitoring required 

– Agree on the period of monitoring 

– Implement and monitor 

• Agreed contingency measures will be implemented and monitoring will continue as agreed until the 

agreed locations and frequency to evaluate whether the risk to the monitored parameters return to below 

the Tier 2 trigger level, or the risk to the sensitive receptor is mitigated to an acceptable level. 

8.4.4 Management actions and mitigations 

Table 15 below lists examples of possible management actions that can be implemented if required depending 

upon the trigger tier being reached. FAFM recognise that key to the adaptive management is to identify potential 

issues well before they manifest as major problems, because mitigation measures may take months to implement 

and rectify the impact.  
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Table 15 FAFM actions when triggers are reached 

 Action Monitoring & Evaluation Outcome  Possible Management Actions   

Tier 1 Tier 2 

1  Water table is dropping faster than 
predicted in a particular direction and 
GDE re-assessment indicates impacts will 
become unacceptable within 5 years if 
drawdowns continue to occur at present 
rate.  

- Review, verify and update the NGM 

- Increase the monitoring frequency 

- Review the monitoring network and install 
additional monitoring bores between borefield 
and sensitive feature to track pumping 
influence and confirm the rate of drawdown 
spread.  

- Ensure that monitoring bores (nearer to target 
feature for protection) are installed with 
sufficient time to capture a minimum of 
24 months baseline data. 

- Reduce pumping rates from nearest bores and 
redirect water from bores further afield  

- Decommission nearest bores and construct new 
production bores further afield  

2  Water table at a sentinel monitoring 
location e.g. between the borefield and a 
specific critical site (e.g. sacred tree) is 
dropping faster or further than expected  

- Review, verify and update the NGM 

- Increase the monitoring frequency 

- Review the monitoring network and install 
additional monitoring bores to delineate the 
plume. Ensure that monitoring bores (nearer to 
target feature for protection) are installed with 
sufficient time to capture a minimum of 
24 months baseline data.  

- Reduce pumping rates from nearest bores and 
redirect water from bores further afield  

- Decommission nearest bores and construct new 
production bores further afield  

- Install production bore nearby and irrigate the 
site  

3   n estigation demonstrates that “   s” 
on the alluvium near Thring Swamp are 
dependent on shallow groundwater that is 
not significantly impacted by drawdown in 
the deeper regional aquifer  

- Later stages of the bore field are constructed 
closer to the Eastern production Block than 
currently planned  

- Enhance the network of monitoring bores to 
ensure future impacts are observed as early as 
possible.  

- Review the monitoring network and triggers (if 
hydrogeological conceptualisation confirms 
they are a low risk of being impacted) 

 

4  The health of specific GDEs is declining 
quicker than expected.  

- Confirm health is related to the drawdown by 
FAFM and not other effects (e.g. prevailing 
climate, invasive specifies etc) 

- Implement further ecological investigation 

- Review and update NGM. 

- Install additional monitoring bores between 
borefield and GDE to track pumping influence 
and confirm the rate of drawdown spread.  

 

- Slow the groundwater drawdown as noted in 
Action 1 . 

- Artificial watering of GDEs 

- If a specific GDE location cannot be protected 
through this means, re-adjust the pumping 
regime elsewhere on the project to ‘sa e’ other 
   s which were ‘planned’ to be impacted, i.e. 
an offset process.  
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 Action Monitoring & Evaluation Outcome  Possible Management Actions   

Tier 1 Tier 2 

5 Overlapping drawdown cones from the 
SHP and borefields on neighbouring 
properties overlap more rapidly and lead 
to faster cumulative drawdown impacts. 

- Confirm impact to non-FAFM bore through 
implementation of monitoring 

- Confirm drawdown extents are consistent with 
the NGM 

- Continue monitoring 

- Determine relative responsibilities with owner 
of neighbouring bore(s) and NTG 

- Defer further increase in entitlement, i.e. advance 
to next stage. 

- Redesign later stages of borefield to reduce the 
potential for interference 

- Actions also potentially required of owners of 
neighbouring bore(s) 

6 Third party bores operation is affected by 
SHP drawdown. 

- Confirm bore operation is related to the 
drawdown by FAFM and not other effects (e.g. 
bore condition, prevailing climate, non-FAFM 
bores etc). 

- Negotiate with the affected party(s) to lower the 
production pump, or drill replacement bore (if 
confirmed to be a result of FAFM operation). 

7 Prolonged hot/dry period requires 
increased water application to permanent 
tree crops, potentially leading to breach of 
40 GL WEL limit (or staged entitlement 
limit defined in Table 7) 

- Review BoM climate outlooks 

- Implement water savings measures 

- Reduce the area of annual crops to ensure 
sufficient water available for permanent crops 

- Apply to DEWPS for temporary increase 
(pending the entitlement staging)  
[not to be applied if at maximum entitlement] 
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The extensive modelling to date of various bore field configurations has demonstrated that the impact on GDEs 

continues to decrease as the borefield is moved further west. It is recognised that changing the configuration of a 

borefield / shifting production bores to increase the geographic separation between the borefield and sensitive 

receptors is not a simple process and will take many months in terms of: 

– Planning and land clearing approvals 

– Procuring drilling contractors and bore construction equipment 

– Construction 

• Bore drilling and construction 

• Access tracks 

• Installing pipelines connecting the new borefield to the irrigation. 

This can be exacerbated by seasonal access issues, e.g. mobilisation of heavy plant during the wet season maybe 

problematic. 

Such a management action by FAFM will trigger additional groundwater modelling, and reviews of the monitoring 

plan, as the pumping radius of influence may impact other sensitive receptors not previously considered.  

It is further noted, that under the entitlement staging in the WEL, (refer Table 7) expansion of the water take can 

only occur following approval from DEPWS, i.e. FAFM acknowledges that the NTG may delay the issue of 

additional entitlement until compliance reporting confirms that the aquifer response to pumping is consistent with 

that predicted by the NGM, and impact to identified sensitive receptors is acceptable. 

If the triggers are not reached, i.e. the aquifer system is responding as predicted, the monitoring will be on-going 

and reporting will be as per that documented in Section 10. They may be opportunities to optimise the monitoring 

system e.g. adjust the monitoring frequencies, as agreed with the NTG. 

8.5 Contingency actions 
When an instance arises requiring our contingency measures to be implemented a similar response to our incident 

response procedure will be followed. This process is detailed below: 

Initial Response 

The immediate response is to make the area safe and undertake measures to prevent further environmental harm. 

An assessment will be made in consultation with the FAFM management to ensure that responses do not result in 

further harm. 

Initial Notification 

The FAFM managers are to be notified immediately following identified e ceedance of ‘action’ trigger thresholds or 

unexpected conditions or events being encountered. The TOs and State will be notified of all exceedances of 

‘action’ trigger thresholds or une pected conditions or events being encountered. As required by any local, State 

and Federal government regulations relevant authorities will also be notified. 

Classification and Reporting 

Any instance of an ‘action’ trigger threshold being e ceeded is deemed to be an incident and will be classified 

using the FAFM procedures in consultation with the Farm manager etc. 

– All environmental incidents will be reported using an electronic database within 5 calendar days. 

– Root causes will be identified and recorded in this database for all incidents 

Project Investigations 

All incidents as detailed above will be investigated. Corrective actions, including those required to help prevent 

future incident occurrences, are a key outcome of incident investigations. 

Incident investigation reports are to be uploaded to an electronic database and communicated to Project 

personnel. 

Corrective & Preventive Actions 
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Following e ceedance of ‘action’ trigger thresholds or une pected conditions or events being encountered, 

corrective and preventive actions will be identified, assigned to the appropriate person or persons and closed out 

according to set time frames. Time frames are set to ensure impacts are minimised and any chance of recurrence 

is eliminated as soon as practicable. 

An electronic database will be used to assign and track corrective actions. All corrective actions will include 

reference to the relevant incident record for ease of tracking. 
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9. Roles, responsibilities and resources 

9.1 Roles and responsibilities 
The management of groundwater is the responsibility of FAFM. All modelling, monitoring and mitigation measures 

required to be undertaken and implemented during the irrigation development to manage and mitigate impacts to 

groundwater are the responsibility of FAFM.  

The key personnel responsible for the management of groundwater impacts during construction are shown in 

Table 16 below.  

Table 16 Key personnel and responsibilities 

Role Responsibilities 

Fortune CEO Managing the development of the irrigation areas including ultimate responsibility for 
the implementation of groundwater management. 

Environment and Sustainability 
Manager 

Oversee the implementation of groundwater management strategies. 

Environmental reporting and monitoring. 

EPA liaison. 

Track and report soil and water elements against sustainability targets. 

Commercial and Finance 
Manager 

Ensure that relevant groundwater management requirements are considered in 
procuring materials and services 

Farm Manager On-ground implementation and adherence with groundwater management 
requirements. 

Monitor and report on groundwater condition 

Indigenous Rangers and 
technical officers 

To undertake the monitoring and monitoring system maintenance 

Environmental Advisors Monitor and report on impacts of groundwater development and implement 
groundwater management measures. 

Environmental Auditor Independent environmental audit of groundwater extraction, monitoring review 
including GDE health. To be engaged in agreement with DEPWS. 

9.2 Resources 
FAFM will, as a minimum, make provision for: 

– Adequate groundwater modelling capacity 

– Adequate groundwater monitoring systems, including monitoring tools and equipment in accordance with the 

monitoring program requirements 

– Other resources, as required to undertake the monitoring, or report on the monitoring as required. 

9.3 Digital management 
Data gathered during the monitoring program will be securely stored in a comprehensive data base designed for 

the purpose. This will include: 

– A site plan showing all monitoring locations 

– Sampling and monitoring procedures 

– Data collected: 

– Groundwater levels 

– Groundwater quality 
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– Extraction volumes (by bore, sub-bore field and overall bore field) 

– Monitoring results compared to trigger levels 

– Laboratory analysis certificates and chains of custody 

– Monitoring program reports 

– Asset maintenance 

– Production pump repairs 

– Production bore issues / redevelopment 

– Monitoring bore issues / repair requirements etc 

Fortune has publicly committed to being transparent with its monitoring data. Water level and quality monitoring 

data would be provided to DEPWS to enable periodical upload to NR Maps. Information will be shared via a 

website as required by General Condition 7 in the WEL. 

9.4 Stakeholder consultation 
The key stakeholders have been identified: 

– NTG (name departments)) 

– TOs (name the body & community) 

Minimum frequency of consultation every 6 months  
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10. Program Review 

10.1 Reporting 
Reporting will take the following forms: 

10.1.1 Investigation reports 

The target audience for these reports will initially be FAFM itself to document the results of drilling and site 

investigation works: 

– Summary of works undertaken 

– Bore / test locations 

– Lithological logs and bore construction 

– Water quality results 

– Updated hydrogeological conceptualisation 

– Recommendations 

• Learnings to take into future investigation programs 

• Geological / hydrogeological updates for the NGM 

The frequency of the generation of these records of site investigation will be dependent upon the development of 

the SHP. As the development approaches maturity, site investigations and such reports may not be required.  

It is anticipated that significant updates to the NGM will also be documented as technical reports. 

10.1.2 Production reporting  

The target audience for these reports will be FAFM itself to assess the operational performance of the borefield, 

i.e. the report will document: 

– Outcome of exploration activities (for subsequent development stages) 

– Performance of production assets i.e. power consumption, metered flows, available drawdown 

– Verification against NGM outputs 

– Investigation of pump or bore failures 

The objective of such reporting is to provide FAFM an understanding of the operational performance of the 

borefield. 

10.1.3 Notifications 

FAFM will notify the NTG within 14 days of the identification of any trigger exceedance. 

10.1.4 Compliance reporting (monitoring and adaptive management). 

Annual reporting is a requirement of General Condition GC6 of the FAFM Water Extraction Licence 

WDPCC10358, which is summarised in Table 17. 

Table 17 General condition GC6 

Condition Requirement 

GC6 The licence holder must submit to the department an annual compliance report on or before the 30 September 
of each year of this licence. The annual report must: 
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Condition Requirement 

(a) demonstrate compliance with this licence for the water accounting year ending the 30 June immediately 
prior to the reporting date; 

(b) include a summary of the non-compliances reported since the commencement of the licence; 

(c) discuss monitoring data and trend analysis for all monitoring parameters collected since the 
commencement of the licence and how they compared with modelled predictions and any action taken 
where there are substantial differences; 

(d) demonstrate how the environmental objectives established in the adaptive management plan are being 
met; and 

(e) where the licence holder has implemented actions under the approved adaptive management plan that 
reduces the taking of water, revised Total Projected Use volumes for the remainder of the licence term. 

 

This reporting will be aimed at providing a concise summary of monitoring information for external stakeholders 

such as the NTG and will include: 

– Monitoring bore results: 

• Hydrographs 

• Interpreted contours of drawdown 

– Flow metering / volumes pumped 

– Groundwater quality 

– Soil quality 

– Rainfall / evaporation data 

– Non-compliances 

– Discussion against compliance metrics / NGM 

– Mitigation actions implemented (where appropriate) to rectify non-compliances 

– Look ahead of works in next 12 months 

– Summary of investigations / hydrogeological understanding improvements that may have been obtained from 

drilling programs / NGM updates during last 12 months 

– Recommendations regarding update to the monitoring program and/or monitoring plan. 

FAFM will engage with the NTG regarding the structure and format of the annual report.  

10.1.5 Requests for information (RFI) 

It is anticipated that from time to time, the NTG may request FAFM to provide information. Timing of these reports 

will be agreed with the NTG, and will depend upon the complexity and sensitivity of the response required. 

Reporting frequencies are summarised in Table 18. FAFM propose to prepare factual monitoring reports on a 

quarterly basis as the Stage 1 borefield becomes operational. 

Table 18 Reporting frequencies 

Report type Target Audience Frequency 

Investigation Internal Event / campaign basis 

Production  Internal Monthly: reporting on the previous month 

Compliance External Quarterly:  

Within 4 weeks of the completion of the quarterly period. A consolidated 
summary of factual information, and notification of any triggers. 

Annual Review:  

Issued before end of September for the previous 12 months of monitoring. 
Factual and interpretative monitoring review. 
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The compliance reporting will describe the management actions to be taken where necessary to ensure 

compliance with environmental protection criteria (monitoring triggers). 

10.2 Numerical Groundwater Model Verification 
The groundwater monitoring program being implemented by FAFM will be an adaptive and responsive 

groundwater management process. This will include the progressive revision of the NGM and regular document 

reviews to ensure the groundwater monitoring program reflects the level of potential risk presented by the irrigation 

development. 

The NGM will be verified and updated as the hydrogeological understanding of the area increases from both 

drilling and development programs, but also the monitoring of the performance of the operation. Verification of the 

model based on observed groundwater monitoring data will be undertaken and will include: 

– Model updates: Updating the model based upon the findings of additional site investigations and exploratory 

drilling, including new (hydro)geological interpretation and characterisation of aquifer hydraulic properties.  

– Recalibration (if required): if large differences between observed and predicted groundwater levels are 

identified, then a recalibration of the NGM may be necessary. 

– Rerun predictive scenarios (if required): if a recalibration is deemed necessary, then predictive scenarios will 

need to be rerun to evaluate the risk to groundwater and the environment, and to confirm if compliance with 

licensing requirements is achieved.  

As part of the NGM update, additional measures to mitigate and manage adverse impact to sensitive receptors 

may need to be determined. NGM verification is proposed annually for the first 5 years and then every two years 

after that or as agreed with NTG. 

10.3 Continuous improvement 
FAFM are committed to continuous improvement in our approach to groundwater management. The conceptual 

model will be updated and refined as the development progresses. As production and monitoring bores are 

installed and the hydrogeological knowledge of the area increases, FAFM will periodically update the conceptual 

model and hence an optimised groundwater management strategy.  

As part of the annual reporting of the groundwater behaviour it is proposed that a revised conceptual model will be 

issued. Also as part of this periodic review of the groundwater observations it is proposed to recalibrate the 

groundwater model on a regular basis (at least every 5 years) to aid the confidence in the predicted groundwater 

impacts and the appropriateness of the mitigation measures. 

As the development progresses, technical advancements may occur in industry that have the potential to benefit 

the development. These advancements could include the emergence of more efficient and less labour intensive 

groundwater monitoring techniques. 

The key to capturing these opportunities will be the ability to identify, assess and respond to emergent issues, 

science and technologies. To achieve this, we will adopt the following actions during the design of the Project; 

– Regular and routine interrogation of the scientific literature to ensure we remain abreast of scientific 

developments in the Australian and international communities; 

– Regular and routine review of relevant NTG legislation and groundwater management policy. 

– Peer-review available information to ensure it is scientifically sound and consistent with the recognised 

Australian framework including the National Environment Protection (Assessment of Site Contamination) 

Measure 1999, as updated 2013 (ASC NEPM); 

– Continue to organise and participate in industry forums on new and emergent risks, assessment methods and 

management technologies, sharing the lessons we learn and learn the information gathered with the team; 

– Interrogate scientific documents and new technologies to understand the potential effectiveness, sustainability 

and efficiencies, and to provide an understanding of the likely opportunities that are presented by the these 

advancements in plain English that can be understood by other stakeholders; and 

– Provide a critical review of uncertainty of the science and technology presented and the conclusions reached. 
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A corporate objective of FAFM is to ensure this GMP remains functional as a document and can be used to ensure 

continual improvement. 

10.4 Auditing 
The GMP is subject to periodic auditing throughout the duration of the SHP. The proposed audit schedule is 

summarised in Table 19. 

Table 19 Proposed GMP audit schedule 

Type Document Timing Responsibility 

External GMP (this document) Annually NTG 

Internal GMP (this document) 6-monthly FAFM 

10.5 Complaints / non-conformances 
FAFM will maintain a complaints register which will document incidents relating to general site operations, 

including those related to the water environment. The benefits of the complaints register include: 

– Resolving complaints is important part of ongoing relationship management with neighbouring landholders 

and TOs 

– Legal protection  

– Use to demonstrate the consistent issues in FAFM procedures / detect patterns in operation. 

Non-conformances may arise from auditing of the monitoring program, inspections, monitoring, incidents and ad 

hoc observations made during site visits. This will be recorded by FAFM and corrective and preventative actions 

issued to the NTG as required, and any subsequent confirmation of rectified and completed actions. Rectifications 

arising from incident investigations may result in update of this plan. 
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Appendix A  
Monitoring bore information 

 



 

Fortune Agribusiness Funds Management Pty Ltd |  Groundwater Monitoring Program and Adaptive Management Plan  51 

 

Table A.1 FAFM monitoring bore summary 

RN Easting Northing Elevation Total Depth Screen 
From 

Screen TO Seal Hydrostratigraphy 

         

         

         

 

 

Table A.2 State monitoring bore summary 

RN Easting Northing Elevation Total Depth Screen 
From 

Screen TO Seal Hydrostratigraphy 

         

         

         

 

 

Table A.3 Singleton Lease bores summary 

RN Easting Northing Elevation Total Depth Screen 
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