
1 

Terramin Australia Ltd and Terramin Exploration Pty Ltd (together known as ‘Terramin’) is proposing 
development of an underground gold mine near Woodside and the processing of ore at existing facilities located 
at the Angas Zinc Mine in Strathalbyn. 

On 21 June 2019, Terramin submitted applications for a mining lease and a miscellaneous purposes licence. 
The submission of applications for the Bird in Hand Gold Project by Terramin has initiated a comprehensive 
technical assessment of those applications by the South Australian Government under the Mining Act 1971 
which includes a period of statutory public consultation. 

Written submissions are invited from members of the public on these applications.  

Making a Submission 

We value the community’s input, information provided in submissions is vital to the assessment processes.  

Please follow the steps below to make an effective submission. 

1. Review Terramin’s application for an ML and/or MPL, available at
http://energymining.sa.gov.au/bird_in_hand_gold_project_consultation

2. Decide whether or not to include personal information in your submission
South Australian Government agencies ensure the protection of personal information by adhering to the South 
Australian Department of the Premier and Cabinet Information Privacy Principles Instruction 
(http://dpc.sa.gov.au/sites/default/files/pubimages/Circulars/PC012_Privacy_0.pdf). 

When you make a written submission, that submission becomes a public record. Your written submission will be 
provided to the applicant and will be published on the DEM website.  This includes: 

 the content of your submission and any attachments - including any personal information about you
which you have chosen to include in those documents.

If you wish for your personal information to be withheld, you must: 

 request that your name and contact details be withheld from publishing by ticking the relevant box
in the form below; and

 not include personal or identifying information in your submission or attachments.

We will not accept offensive, threatening, defamatory or other inappropriate material. 

3. Make a submission

To make a written submission, please use this cover sheet to accompany your written submission. Your 
submission can be provided in any written form, including a letter or email. 

Alternatively, make an online submission by accessing the DEM website and following the instructions. 

http://energymining.sa.gov.au/bird_in_hand_gold_project_consultation 

Provide your written submission to government using any of the following methods: 

By mail to:  By email to: DEM.MiningRegRehab@sa.gov.au 
Mining Regulation 
Attn: Business Support Officer 
GPO Box 320 
ADELAIDE SA 5001 

Public Submission Cover Sheet 
Mining Proposal and/or Management Plan 

BIRD-IN-HAND GOLD PROJECT  

USE THIS FORM AS: A cover sheet to accompany a written submission 

http://energymining.sa.gov.au/bird_in_hand_gold_project_consultation
http://dpc.sa.gov.au/sites/default/files/pubimages/Circulars/PC012_Privacy_0.pdf
http://energymining.sa.gov.au/bird_in_hand_gold_project_consultation
mailto:DEM.MiningRegRehab@sa.gov.au
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Public submission

Section A: Contact details 

Please complete the following information. Your contact details will be used by the South 

Australian government to acknowledge your submission. Those marked with an asterisk ‘*’ are 

mandatory. Anonymous submissions will not be accepted. 

Title Senior Legal Counsel, Accolade Wines 

*Name Danielle *Surname Arnfield 

Organisation Accolade Wines Australia Limited; Accolade Wines FWP Pty Ltd 

*Street / PO Box Accolade Wines, Reynell Road 

*Town / Suburb Reynella 
SA 5161 

*State *Postcode

*Email address
(mandatory for
electronic
submissions)

danielle.arnfield@accoladewines.com Telephone + 61 409 584 149

Submission date 20 September 2019 

Section B: Privacy 

Please select one of the following options: 

 I understand that my submission, including my personal contact details, will be published
on the DEM website and provided to the applicant.

OR 

 I understand that my submission will be published on the DEM website and provided to the 
applicant, but I require that the government withholds my name and contact details. I 
understand that it is my responsibility to ensure personal information is not included in the 
body of my submission, any footers or headers or any attachments. 
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Section C: Submission 

Accolade Wines Australia Limited 

Accolade Wines FWP Pty Ltd 

Submission objecting to the Mining Lease Application 
(2019/1021) made by Terramin Exploration Pty Ltd in 

relation to the proposed Bird in Hand Gold Mine 

20 September 2019 

Image: Petaluma Cellar Door 
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Executive Summary 

Accolade Wines Australia Limited and its subsidiary Accolade Wines FWP Pty Ltd (together, 

Accolade), object to the mining lease application (2019/1021) made by Terramin Exploration 

Pty Ltd (Terramin) in relation to the proposed Bird in Hand Gold Mine at Woodside in the 

Adelaide Hills.   

Accolade is one of the world’s largest wine companies by volume with 45 leading brands sold 

across more than 140 countries. Two of Accolade's most prominent brands, Petaluma and 

Croser, are produced from Accolade's Petaluma winery.  Accolade's Petaluma winery is located 

at Pfeiffer Road, Woodside and hosts its cellar door, state-of-the art winery and estate 

vineyards. Terramin's proposed mine site is located on land immediately adjacent to the 

Petaluma winery.1  

The Petaluma winery is located wholly within Terramin's proposed mining lease area. As such, 

the Minister must have regard to the representations made by Accolade in this submission 

pursuant to section 35A of the Mining Act 1971 (SA) (the Mining Act).   

For the reasons set out in this submission, Accolade contends that the proposed mine poses an 

unacceptable risk and cannot co-exist with the continued operation of the Petaluma winery and 

other existing permissible land uses in the vicinity of the Mining Lease.   

Further, the mine, which has a proposed life of just five years, will detrimentally impact on the 

"clean and green" status of the Adelaide Hills which will have consequences, not just for 

Petaluma, but for all agricultural and tourism enterprises in the region which make a significant 

and sustainable contribution to the South Australian economy.  In Accolade's submission, when 

the risks and benefits are weighed, the balance falls clearly in favour of rejecting Terramin's 

mining lease proposal.   

In this submission, Accolade has also identified areas in which Terramin has failed to comply 

with the Ministerial Determination such that the Mining Lease cannot be granted.     

The proposed mine will impact groundwater, both in terms of groundwater availability 

and groundwater quality 

(a) The proposed mine is in close proximity to landholders and businesses,

including Accolade's Petaluma winery, that are existing groundwater users and

have a high reliance on available groundwater resources, both in terms of

quality and quantity. Access to groundwater is critical to the operation of the

Petaluma winery.

(b) The proposed mining operations have the potential to impact both the quality

and availability of groundwater because, during the proposed mining

operations, groundwater will seep into the underground mine.  Terramin

proposes to limit the impacts on existing groundwater users by pumping the

groundwater to the surface, treating the water and reinjecting the water into the

1 The Petaluma Winery is located at Pfeiffer Road, Woodside.  The registered proprietor of the land is Accolade Wines 
FWP Pty Ltd (ACN 004 982 818), a subsidiary company of Accolade Wines Australia Limited.  Chapter 21 of the Mining 
Lease Proposal at Table 21-3 lists the landholder as Lion-Wine Pty Ltd.  Lion-Wine Pty Ltd this a former name of  
Accolade Wines FWP Pty Ltd. 
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aquifer using a process known as Managed Aquifer Recharge (MAR).  Terramin 

also proposes to reduce groundwater inflows by using grout to seal the mine 

workings.   

(c) In summary, Accolade makes the following submissions in relation to 

groundwater impacts of the proposed mining operations: 

(i) Despite the viability of the project depending on access to water, 

Terramin has not sufficiently addressed in the Mining Lease Proposal 

that it will be able to obtain the necessary regulatory approvals in 

relation to water, including approvals to authorise the taking of water. 

(ii) The groundwater modelling that underpins Terramin's assessment of 

the impacts on groundwater is deficient.  Further work is required to 

characterise the highly complex site. 

(iii) The feasibility of the grouting approach is critical for reducing impacts 

on other groundwater users.  However, Accolade is not satisfied that 

70% effectiveness is an appropriate "credible worst case scenario," and 

Terramin has not justified that assumption adequately.   

(iv) The risks associated with the MAR operations have not been 

adequately identified and addressed in Terramin's Mining Lease 

Proposal. 

(d) As such, there is an unacceptable risk that the proposed mining operations will 

impact groundwater availability and/or groundwater quality.   

(e) Any loss of access to ongoing supplies of water for irrigation has the potential 

for vineyard and winery operations to become non-viable.  Even short periods of 

water unavailability can have significant impacts.  In short, there is the potential 

to threaten the viability of vineyard assets with a 40 to 100-year life span in 

order to enable short term access (less than ten years) to a gold deposit.   

(f) Detailed submissions that address Accolade's concerns in relation to 

groundwater are set out at Part 1: Groundwater below.  

The proposed mine will impact local businesses, including the Petaluma winery, 

and put the economy at risk 

(g) Accolade and other businesses in the region play an important role in South 

Australia's tourism, agriculture and food and wine industries and make a 

significant contribution to the South Australian economy.  The Adelaide Hills is 

the 7th most popular wine region to visit in Australia, and more popular than the 

Barossa Valley (9th) and McLaren Vale (16th).2 

(h) According to the South Australian Tourism Plan 2030, consumer research 

shows that "South Australia leads the nation for 'good food and wine' as well as 

'credible wineries and wine regions'" and notes that this is "critically important 

as research shows that these themes are the strongest driver of destination 

selection for the interstate audience, and second strongest thematic driver for 

                                                      

 
2 Tourism Australia, National Visitor Survey (2019).  
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international audiences".3  According to the Plan, the rate of employment in the 

tourism industry is just below that of more traditional agricultural and four times 

that of mining.4   

(i) In particular: 

(i) Accolade's Petaluma winery currently contributes $17.8 million in gross 

state product and 112 full time equivalent jobs to the South Australian 

economy. Petaluma winery's contribution to gross state product is 

projected to grow to $21.3 million by 2023/24. 

(ii) It is estimated that by 2020/2021, agricultural businesses in the region 

as a whole will contribute $169.1 million in gross state product per 

annum to the South Australian economy.  This is significantly higher 

than the expected contribution of Terramin's proposed mining project, 

which is estimated to generate a total impact on gross state product of 

$222 million5 over 8 years.6  

(iii) In addition to this, by 2020/2021, agriculture businesses in the region 

are expected to deliver 885 full time equivalent jobs.    

(j) The proposed mining operations will put the viability of established and 

sustainable food, wine and agricultural enterprises at risk.  These industries 

make a significantly higher contribution to the State's economy than that 

projected to be generated by the Bird in Hand mine over the five year mine life.  

Detailed submissions that address the economic impacts of the proposed mine 

are set out at Part 2: Economic Impacts below.  

Other unacceptable risks 

(k) The proposed mine has the potential to significantly harm established viticultural 

and horticultural activity.  In addition to the risks to the vineyards due to the 

potential for restricted access to groundwater, other risks are addressed at Part 

3: Viticulture Impacts below, including the potential for increased mite and 

scale population in the vineyards as a result of dust generated from the mining 

operations.   

(l) Accolade is also concerned that the noise and blasting generated from 

construction and operation of the mine could well result in audible noise and felt 

vibration which will adversely impact on the amenity of the locality.   In 

particular, Accolade is concerned that noise will impact the neighbouring 

Petaluma winery, resulting in a reduced through door rate.  Detailed 

submissions that address Accolade's concerns in relation to noise are set out at 

Part 4: Noise and Blasting Impacts below.  

(m) As set out in the MFY Traffic Report, Terramin has not conducted an 

appropriate traffic assessment and that there are safety issues that arise from 

the proposed haulage routes and vehicles.  Detailed submissions that address 

                                                      

 
3 The South Australian Visitor Economy Sector Plan 2030 p 8. 
4 Ibid p 10.   
5 Excluding the Gross Operating Surplus of the mining operation itself.   
6 Chapter 1 of the Mining Lease Proposal at p. 1-6.   
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Accolade's concerns in relation to traffic are set out at Part 5: Traffic Impacts 

below.  

(n) As set out in Part 6: Stakeholder Engagement, Accolade is of the view that 

Terramin has failed meaningfully to engage with the community in relation to the 

proposed mine.  Accolade is also concerned that the Terramin website, 

http://birdinhandgoldmine.com.au, contains statements that are inaccurate 

and capable of being misleading and/or do not reflect the Mining Lease 

Proposal.  For example, a prominent heading on the website states "the mine 

will not use groundwater."  The Google search ad banner describes the website 

as "Adelaide Hills Gold Mine | Minimal Impact Mining | Get the facts" 

(emphasis added).  In Accolade's submission, there is a risk that persons who 

may have made a submission opposing the mine may not do so as a 

consequence of the representations that have been made on that website.   

(o) It is important that the Minister be satisfied that Terramin will be able to meet 

the costs of rectification (including in any credible worst case scenario) and 

provide an appropriate bond and security.  Accolade is concerned that there is 

uncertainty in relation to the financial position of Terramin Australia Limited and 

its controlled entities in light of Terramin Australia Limited's Interim Financial 

Report relating to the 6 month period ended 30 June 2019.  Key matters on 

Terramin's financial position are set out at Part 7: Financial Position of the 

Terramin Group below.  Should there be any risk that Terramin will be unable 

to meet rectification costs arising from its mining operations, or provide 

adequate security, this should be given significant weight.  In that scenario, the 

liability in respect of the proposed mining operations may otherwise fall on 

affected landholders and the State.   

Expert Reports 

Accolade has engaged experts to prepare reports responding to Terramin's mining lease 

proposal on a number of topics. Accolade also relies on reports prepared by experts engaged 

by Bird in Hand Pty Ltd (Bird in Hand) and the Inverbrackie Creek Catchment Group.  

The following reports are attached to this submission and are relied on by Accolade and form 

part of Accolade's submission: 

Topic Expert Report Attachment 

Groundwater Professor Peter Cook, 

National Centre for 

Groundwater Research, 

Flinders University 

Bird-In-Hand Gold Mine - 
Review of Groundwater 
Characterisation Modelling (1 
February 2019).   

 

1.1 

Bird-In-Hand Gold Mine - 
Review of Managed Aquifer 
Recharge Trials and Model 
Validation (26 June 2019).   

 

1.2 

Bird-In-Hand Gold Mine - 
Review of New Terramin 
Documents and Comments on 

1.3 

http://birdinhandgoldmine.com.au/
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Grouting Report (18 
September 2019).   

 

Managed 

Aquifer 

Recharge 

Wallbridge Gilbert Aztec Bird in Hand Proposed Mine 

Managed Aquifer Recharge 

Review (30 August 2019).  

1.4 

Grout Professor Serkan Saydam, 

University of New South 

Wales 

Accolade Wines Australia 

Limited - Bird in Hand Gold 

Mine (3 September 2019) 

1.5 

Economic 

Impact 

BDO 
Economic Contribution of the 
Petaluma Winery - A Report 
to Accolade Wines (18 
September 2019) 

2.1 

Economic 

Impact 

Econsearch Economic Contribution of 

Agriculture and Related 

Activity in the Inverbrackie 

District, Adelaide Hills (30 

August 2017).  

2.2 

Economic 

Impact 

BDO Economic Impact of the Bird 

in Hand Gold Mine on South 

Australia and Regions: Peer 

Review - A Report to Bird in 

Hand Winery (20 September 

2019) 

2.3 

Viticulture Dr Richard Hamilton Report for Accolade Wines 

Australia Limited Re: Bird in 

Hand Gold Mine (August 

2019) 

3.1 

Noise Jason Turner, Sonus Bird in Hand Gold Mine (20 

September 2019) 

4.1 

Traffic Melissa Mellen, MFY Environmental Noise 

Assessment Review 

(September 2019) 

5.1 
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Part 1: Groundwater 

1. Overview of groundwater issues 

1.1 During the proposed mining operations, groundwater will seep into the underground 

mine.  Terramin proposes that it will be able to limit the impacts of the mining operations 

on other groundwater users in two ways: 

(a) Firstly, Terramin proposes to grout fissures in the mine face proactively and 

reactively to prevent (to some extent) the seepage of groundwater into the 

mine; and 

(b) Secondly, Terramin proposes that the groundwater inflows will be pumped to 

the surface along with water used for mining activities, and reinjected back into 

the fractured rock aquifer via injection wells in a radial pattern around the mine.  

This is the process as MAR. 

1.2 Accolade makes the following primary submissions in relation to groundwater: 

(a) Terramin has not sufficiently addressed its approach to obtaining the required 

regulatory approvals in relation to groundwater, including approvals to authorise 

the taking of water. 

(b) The groundwater modelling relied on by Terramin is deficient in many respects 

and further work is required to accurately characterise the site.   

(c) The feasibility of the grouting approach is critical for reducing impacts on other 

groundwater users.  Accolade is not satisfied that 70% effectiveness is an 

appropriate "worst case scenario". 

(d) Terramin has not identified and addressed all risks associated with the 

proposed MAR.   

(e) Accolade is concerned that there is an appreciable risk of failure/unexpected 

event that would be catastrophic to existing groundwater users. 

1.3 Each of the above matters is addressed in further detail below.   

2. Terramin has failed to sufficiently address regulatory matters 

Regulatory approvals for taking of water 

2.1 The seeping of water into the mine will constitute a "take" of water that requires 

authorisation under the Natural Resource Management Act 2004 (SA) (NRM Act). 

Terramin will require either an authorisation under section 128 of that Act or a water 

allocation.  However, there remains uncertainty regarding the approach that Terramin 

will adopt.    

2.2 On 25 June 2019, Terramin submitted its Mining Lease Proposal and published its 

Mining Lease Proposal on its website.7  The original Mining Lease Proposal and 

                                                      

 
7 Terramin Australia Limited, 'Bird-in-Hand Project MLA and MPL Submitted' (ASX Announcement, 25 June 2019).  
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Terramin's public consultation was premised on Terramin obtaining an authorisation 

under s 128 of the NRM Act.   

2.3 By letter dated 21 June 2019, Terramin advised DEM that "Terramin has secured the 

water allocation needed for our Bird in Hand Gold Project.  As a consequence, our 

Mining Lease Application is no longer dependent on access to water under s 128 of the 

Natural Resources Management Act 2004 (SA) and we have elected not to pursue this 

option at this point in time."8 

2.4 On 27 June 2019, DEM wrote to Terramin requiring additional information prior to 

commencement of statutory consultation, including to clarify Terramin's proposed 

approach to meeting the requirements of the NRM Act.9   

2.5 In response, Terramin updated the Mining Lease Proposal. The updated Mining Lease 

Proposal states that Terramin has secured water allocations "under confidential 

agreements from within the Onkaparinga River catchment"10 and consequently, 

"Terramin have obtained binding water agreements to obtain adequate water for the life 

of the project, as governed by the Western Mount Lofty Ranges Water Allocation Plan, 

authorised by the NRM Act (or current authorising legislation). These agreements are 

for the life of the project, and are subject to further extension."11  

2.6 However, Terramin has not made an outright commitment to this approach.  Terramin 

has indicated that it is not seeking a s 128 authorisation "at this point in time" and the 

Mining Lease Proposal states that Terramin may seek authorisation under s 128 of the 

NRM Act.  For example: 

(a) At Chapter 10 of the Mining Lease Application, Terramin states: 

"If necessary, the Bird in Hand Gold Project will apply for a section 128 

authorisation under the NRM Act, to allow water to be abstracted from the 

Inverbrackie Creek subcatchment, and reinjected back into the aquifer, 

maintaining a net water neutral balance. In the alternative, Terramin may obtain 

the requisite groundwater allocation through the existing Water Allocation Plan 

and water trading framework under the NRM Act. Currently, water allocations 

have been sourced for the project under confidential agreements from within the 

Onkaparinga River catchment."12 

(b) At Chapter 4 of the Mining Lease Application, Terramin states:13 

"A section 128 authorisation may be applied for, to allow groundwater to be 

extracted from the Inverbrackie Creek subcatchment, and then reinjected back 

into the aquifer through approved drain and/or discharge permits authorised 

under section 127. Terramin may seek s128 authorisation but this MLA is not 

dependent on this authorisation as Terramin has acquired the necessary rights 

to water allocation."  

                                                      

 
8 Letter from Terramin to DEM dated 21 June 2019. 
9 Letter from DEM to Terramin dated 27 June 2019.   
10 Mining Lease Proposal, Appendix K1 at [1.1.1.3].  
11 Mining Lease Proposal, Chapter 4 at [4.1.3.1].  
12 Mining Lease Proposal, Chapter 10 at [10.1.2].  
13 Mining Lease Proposal, Chapter 4 at [4.1.3.1]. 
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2.7 These parts of the Mining Lease Proposal contemplate both that the "confidential 

agreements" reached by Terramin may not provide sufficient water allocations and that 

the lawfulness of the proposed operations may depend upon authorisations that have 

not been obtained and in relation to which no application has been made, and the 

extent of which is not disclosed.   

2.8 Further, the Mining Lease Proposal does not indicate the quantity of the water Terramin 

has sourced by way of allocations.  In those circumstances, Accolade is unable to 

respond meaningfully at this point in time to whether Terramin has obtained "sufficient" 

water allocations.  However, Accolade makes the following comments: 

(a) Terramin may not have obtained "sufficient" water allocations in circumstances 

where the taking of water is uncontrolled.  In particular: 

(i) It is not apparent whether Terramin has secured sufficient water 

allocations to allow for its own "credible worst case scenario" described 

by Terramin of 70% grouting effectiveness.  The model predicted 

groundwater abstraction is set out at Table 10-9 of Chapter 10 of the 

Mining Lease Proposal. There is a significant difference between the 

expected volumes under the 90% and 70% scenarios.  Under a 90% 

grouting effectiveness scenario, Terramin expects that the peak annual 

volume of water taken and reinjected will be 141 ML per year in years 4 

and 5. However, under a 70% grouting effectiveness scenario, volumes 

are predicted to peak at 423 ML per year in year 4.14       

(ii) It is unclear whether Terramin has secured sufficient water allocations  

to account for an unexpected interception of the hanging wall fracture or 

generally higher than predicted mine inflows.15    

(b) Accolade is also concerned that Terramin may have misinterpreted the volumes 

required.  At Chapter 5 of the Mining Lease Proposal, Terramin states that: 

"Terramin can only take and use the volume of water they are licensed 

to extract. It is intended to return all other groundwater back to the 

ground through managed aquifer recharge."16  

However, Terramin will require an allocation to take all groundwater that flows 

into the mine during operations, not just the water that is not intended to be 

returned to the ground through MAR.  Even though under the terms of the 

WMLR WAP, a "recharge allocation" may be available such that water injected 

by Terramin in accordance with a permit granted pursuant to section 135 of the 

NRM Act or an environmental authorisation granted pursuant to the 

Environment Protection Act 1993 (EP Act) may be allocated to be taken in the 

following year, this is subject to certain conditions, including that water must be 

taken from the same allotment or aquifer that it was drained or discharged 

into.17  In any event, Terramin would require a licence and allocation for taking 

all groundwater that flows into the mine in the first year of operation.  Any 

                                                      

 
14 Mining Lease Proposal, Chapter 10 at p. 10-58. 
15 As contemplated in the Mining Lease Proposal, Chapter 10 at [10.7.1.4.1] and Appendix H1 at [7.5].    
16 Mining Lease Proposal, Chapter 5 at p. 5-53. 
17 Adelaide and Mount Lofty Ranges Natural Resource Management Board, Western Mount Lofty Ranges Water 
Allocation Plan, 2013, principle 23.  
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"recharge allocation" would only be available from the second year of operation 

and would need to be supplemented by additional allocations for water taken 

beyond the 80% of water recharged in the previous year.18   

(c) Terramin will also need to make an application to the Minister for Environment 

and Water for the transfer of allocations.  This creates another layer of 

uncertainty, as a transfer application can be refused under s 157(3) of the NRM 

Act, if for example, it is not possible to endorse a water transfer on the licence 

consistently with the relevant water allocation plan, or on any other reasonable 

ground.  

(d) Additionally, allocation transfers are also subject to transfer criteria under part 7 

of the Western Mount Lofty Ranges Water Allocation Plan (WMLR WAP).  For 

example, in accordance with principle 98 of the WMLR WAP  "an underground 

water allocation must not be transferred if the Minister is satisfied that the 

transfer may have the potential to cause significant adverse effect on an 

aquifer, including (but not limited to): changes in local water levels and salinity."  

As discussed further below at 4.7 to 4.10, WGA has identified a number of 

water quality concerns and there is doubt as to the potential for changes to local 

water levels as a result of the proposed MAR.    

Regulatory approvals for Managed Aquifer Recharge 

2.9 The viability of the project and Terramin's ability to meet the proposed environmental 

outcomes in relation to groundwater impacts is dependent on MAR.   

2.10 Terramin will require regulatory approvals for the proposed MAR operations.  In 

particular, in order to drain or discharge the recharge water into the injection wells, 

Terramin will require a permit under the NRM Act,19 unless Terramin has obtained an 

environmental authorisation under the EP Act.20   

2.11 An environmental authorisation under the EP Act is required where the total volume of 

the water recharged into the aquifer exceeds 50 kilolitres per day and will either:  

(a) raise the temperature of the receiving waters by more than 2 degrees Celsius at 

any time at a distance of 10 metres or more from the point of discharge; or 

(b) contain antibiotic or chemical water treatments.21 

2.12 Terramin has not clearly identified in the Mining Lease Proposal whether it intends to 

obtain a permit under the NRM Act or an environmental authorisation under the EP Act.  

Though it is clear from the Mining Lease Proposal that the water to be recharged will 

contain chemical water treatments, there is not sufficient detail to determine the daily 

volumes of water to be discharged in order to conclude whether Terramin is required to 

seek an environmental authorisation. This is because the injection rate per day is not 

clearly set out in the Mining Lease Proposal.  Instead, Terramin's proposed outcome 

and measurement criteria currently refers to injection rates of "XXXX KL/day" and 

                                                      

 
18 Ibid.  
19 Sections 127(3)(c) and 135 of the NRM Act.   
20 Section 129(1)(f)(i) of the NRM Act.   
21 EP Act, Schedule 1, Part A, clause 8(7).   
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Terramin suggests that this will be determined" during NRM Act authorisation and 

PEPR development."22   

2.13 In relation to the proposed MAR, a permit will be required for the recharge of water to 

the aquifer under s 127(3)(c) of the NRM Act, unless Terramin instead obtains an 

environmental authorisation under the EP Act.   

2.14 When determining whether to grant a permit under the NRM Act, the provisions of the 

WMLR WAP must be taken into account and any conditions must not be inconsistent 

with the provisions of the WMLR WAP.23  In light of the conclusions reached by WGA,24 

Accolade is of the view that Terramin may not be able to satisfy the WMLR WAP 

requirements.  The comments made by WGA in relation to the WMLR WAP 

requirements are summarised in the table below: 

No. WMLR WAP Principle Comment  

145(a)(i) Water may be drained or 

discharged into a well for the 

purpose of a managed aquifer 

recharge operation where the 

hydrogeological risk assessment 

undertaken by the applicant in 

accordance with principles 146 

to 152 (inclusive) shows that the 

source water will not contravene 

the water quality criteria in 

Schedule 2 of the Environment 

Protection (Water Quality) Policy 

2003 or any subsequent or 

related policy 

As identified in the WGA report, the 
correct environmental value 
assignment as per the Environment 
Protection (Water Quality) Policy 
2003 for the Tarcowie Siltstone is 
drinking water for human 
consumption.  

Meeting the water quality criteria 
should be done through an accepted 
conversion rate, as the quality of 
water reinjected into the ground has 
impacts upon the aquifer and other 
groundwater users.   

  

146 A permit to drain and discharge 

water into a well must not be 

granted unless a 

hydrogeological risk assessment 

is undertaken to the satisfaction 

of the relevant authority by a 

qualified hydrogeologist with 

experience in managed aquifer 

recharge operations. 

Terramin has not yet provided a 

hydrogeological risk assessment. 

147(g) For the purposes of principle 

146, and subject to principle 

148, a hydrogeological risk 

assessment must be consistent 

with the National Water Quality 

Management Strategy 

Terramin has not yet provided an 

ongoing management plan to ensure 

the integrity of the aquifer on an 

ongoing basis.  

                                                      

 
22 Mining Lease Proposal, Chapter 10, Table 10-16 on p. 10-96.   
23 Section 135(4) of the NRM Act.   
24 Attachment 1.3 to this submission.  
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No. WMLR WAP Principle Comment  

Australian Guidelines for Water 

Recycling: Managing Health and 

Environmental Risks (Phase 1) 

and other related documents 

current at the time, and include 

an appropriate operation or 

management plan 

demonstrating that operational 

procedures are in place to 

protect the integrity of the 

aquifer on an ongoing basis  

151 A permit to drain or discharge 

water into a well must not be 

granted if the draining or 

discharging of water would have 

the potential to degrade 

underground water-dependent 

ecosystems or to reduce the 

suitability of the underground 

water for other purposes for 

which it might reasonably be 

used. 

WGA's report raises several 

concerns in relation to Terramin's 

MAR having the potential to reduce 

the suitability of underground water 

for purposes which it might 

reasonably be used.  

The presence of pyrite in the rock 

matrix subject to Terramin's 

proposed mining operations 

increases the risk of arsenic 

production.   

The allowance of 4kg per day of 

sediment into the recharge well could 

result in clogging and lost well 

efficiency.  

These impacts would reduce the 

suitability or availability of water for 

reasonable use, yet have not been 

considered by Terramin in their 

Trigger Action Response Plan.  

154(b) Draining and discharging water 

directly or indirectly into a well 

must not have the potential to 

cause artesian conditions in the 

aquifer 

The WGA report raises the concern 

that Terramin's MAR operations may 

cause artesian conditions.  

The likelihood of this occurring is 

shown through Terramin's MAR trials 

at the Bird in Hand mine site. 

Reinjection was terminated after 

7,324 as conditions in the adjacent 

well were close to becoming 

artesian, despite consistently 

decreasing the injection rate during 

this time. 
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River Murray Act 2003 

2.15 The Ministerial Determination required Terramin under 2.7 Hydrology to provide "a 

statement if the application area is within a water protection area including areas under 

the River Murray Act 2003".  

2.16 In Chapter 9 of the Mining Lease Application, Terramin states:  

(a) "The Project is located predominantly within the Western Mount Lofty Ranges 

Prescribed Water Resource Area. The south western corner of the ML is 

covered by the Eastern Mounty Lofty Ranges Prescribed Water Resource Area 

(prescribed by the NRM Act as shown in Figure 11-1."25 

(b) "The project is not located within any area protected by the River Murray Act 

2003 (SA) or located within the Murray Darling Basin."26 

2.17 However, in Chapter 9 of the Mining Lease Application, Terramin states:  

(a) "The ML falls primarily within the Adelaide and Mount Lofty Ranges (AMLR) 

Natural Resource Management (NRM) Region (approximately 164 ha, 84%) 

and is also partially intersected by the South Australian Murray-Darling Basin 

(SAMDB) NRM Region (approximately 31.9 ha, 16%)."27 

2.18 The south eastern part of the mineral claim (application area) is within a River Murray 

Protection Area (the River Murray Tributaries Area) under s 4 of the River Murray Act 

2003 (SA). Despite Terramin's mineral claim application area being within a River 

Murray protection area, Terramin has failed to mention or consider the Project's impacts 

upon the River Murray Tributaries area.  

3. Deficiencies in Terramin's characterisation of the aquifer and the Groundwater 

Model 

3.1 Accolade has engaged Professor Peter Cook of the National Centre for Groundwater 

Research and Training to undertake a review of the materials provided by Terramin in 

respect of groundwater.  Professor Cook is a Professor of hydrogeology at Flinders 

University and has more than 20 years' experience in groundwater research, spanning 

the fields of groundwater hydrology, ecohydrology, isotope hydrology, unsaturated zone 

flow process, and surface water – groundwater interaction.  

3.2 Terramin relies on the Groundwater Impact Assessment completed by Australian 

Groundwater Technologies Pty Ltd (AGT).28  The Groundwater Impact Assessment was 

updated in 2019 by Golder Associates.29  Further, the modelling of the groundwater has 

been peer reviewed by Innovative Groundwater Solutions (IGS) in 2017 and 2019.30  

3.3 Professor Cook has prepared three reports: 

                                                      

 
25 Mining Lease Proposal, Chapter 11 at 11.3. 
26 Mining Lease Proposal, Chapter 11 at 11.3 and Appendix A1 at 2.7.  
27Mining Lease Proposal, Chapter 9 at 9.3.3. 
28 Mining Lease Proposal, Appendix H1.   
29 Mining Lease Proposal, Appendix H9.   
30 Mining Lease Proposal, Appendices H2, H3 and H10.   
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(a) Bird-In-Hand Gold Mine - Review of Groundwater Characterisation Modelling (1 

February 2019).  A copy of this report is attached as Attachment 1.1. 

(b) Bird-In-Hand Gold Mine - Review of Managed Aquifer Recharge Trials and 

Model Validation (26 June 2019).  A copy of this report is attached as 

Attachment 1.2. 

(c) Bird-In-Hand Gold Mine - Review of New Terramin Documents and Grouting 

Report (18 September 2019).  A copy of this report is attached as Attachment 

1.3. 

3.4 In his first report, Professor Cook criticises the Groundwater Assessment prepared by 

AGT31 and the independent review of this work prepared by IGS.32   

3.5 Professor Cook explains that the complexity of the Bird in Hand site necessitates an 

extensive characterisation process as fractured rock aquifers are highly complex and 

our ability to characterise them is limited.33   

3.6 As summarised in the table below, Professor Cook identifies a number of concerns in 

relation to the aquifer characterisation undertaken by Terramin. 

Issue Concern identified by Professor Cook 

Aquifer hydraulic 

characterisation  
The characterisation of the aquifer undertaken by 

Terramin included an analysis of pumping tests to 

provide quantitative information of hydraulic properties.  

However, most of the wells are located within a 

relatively small area and the pumping tests undertaken 

on private wells were of very short duration.  The 

extent of the aquifer sampled by these would have 

been very small and unlikely representative of the 

larger, regional scale hydraulic conductivity values.34       

There is a lack of explanation in the AGT report for the 

mathematical models adopted to interpret the pumping 

test results.35       

Further consideration of the role of the numerous faults 

presented at Figure 9 of the AGT report would be 

warranted.36     

AGT has not presented statistics to establish variation 

in hydraulic properties with depth.37   

                                                      

 
31 Mining Lease Proposal, Appendix H1. 
32 Mining Lease Proposal, Appendices H2, H3 and H10. 
33 Attachment 1.1 to this submission, p 5. 
34 Attachment 1.1 to this submission, p 6.  
35 Attachment  1.1 to this submission, p 6. 
36 Attachment 1.1 to this submission, p 6; Appendix H1 - AGT Report, p 49 
37 Attachment 1.1 to this submission, p 6. 
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Groundwater balance 

 

At 4.6.1 (p.118) of the AGT report, AGT states that 

groundwater recharge rates were estimated using the 

chloride mass balance approach.  However, Professor 

Cook suggests there are uncertainties with this method 

and it would be prudent to apply other approaches.38     

Salinity and Water Quality 

 

It is unclear why data that shows that there are areas 

of more saline water much closer to the mine site than 

depicted in the regional groundwater salinity map at 

Figure 28 of the AGT Report is not discussed.  A more 

thorough understanding of the distribution of water 

quality in the regional aquifer is warranted.39      

Despite the conclusions drawn by Tonkin that there is 

a low potential for Acid Mine Drainage generation, 

Professor Cook suggests some generation of acid 

mine drainage can be anticipated during the operation 

of the mine, and will not be restricted to the supergene 

layer.40       

3.7 In respect of the groundwater model relied on by Terramin, Professor Cook was unable 

to conclude that the groundwater model is fit for purpose, or that 'worst case scenarios' 

have been modelled.41   

3.8 Professor Cook identifies a number of limitations with the groundwater model, including: 

(a) uncertainty with recharge; 

(b) uncertainty concerning the possible influence of anisotropy in hydraulic 

properties on pumping test results; 

(c) lack of anisotropy in the predictive model; 

(d) influence of boundary conditions on model results; and  

(e) generally poor model calibration.42   

3.9 Professor Cook also identifies that only a very limited sensitivity analysis has been 

done, using unrealistically small parameter ranges.43   

3.10 Further, it appears that critical information relating to the peer review of the numerical 

groundwater model produced by AGT has not been provided by Terramin:   

                                                      

 
38 Attachment 1.1 to this submission, p 6-7.  
39 Attachment 1.1 to this submission, p 7. 
40 Attachment 1.1 to this submission, p 8.  
41 Attachment 1.1 - Cook's First Report, p 15.  
42 Attachment 1.1 - Cook's First Report, p 15.  
43 Attachment 1.1 - Cook's First Report, p 15. 
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(a) Innovative Groundwater Solutions undertook an independent peer review of the 

numerical groundwater model produced by AGT.  The peer review is at 

Appendix H2 to the Mining Lease Proposal.   

(b) IGS recommended that the model could be assessed as fit-for-purpose, 

provided the uncertainty around the high recharge zone implemented in the 

model to the southeast of the mine was documented appropriately.   

(c) A second peer review by IGS is Appendix H3 to the Mining Lease Proposal.  

Appendix H3 refers to a letter dated 3 August 2017 containing some "requested 

information on the sensitivity of the model outcomes to the high recharge zone 

implemented to the southeast of the mine".  The information in the letter dated 3 

August 2017 resulted in IGS confirming that it considered the groundwater flow 

model to be fit for purpose based on the objectives stated in the report.   

(d) As noted in Professor Cook's third report, it appears that a letter dated 3 August 

2017 has not been included in the Mining Lease Proposal documents.  

Accordingly, it is unclear what additional information has been provided to IGS 

in relation to sensitivity of the model.  This is an omission in the Mining Lease 

Application.  Accolade, and any other interested party, should be provided with 

an opportunity to be heard in relation to the content of that letter.   

3.11 Finally, Professor Cook identifies that the model results depend very heavily on the 

grouting and managed aquifer recharge scenarios.  Unforeseen events (such as mine 

workings intercepting the hanging wall fracture) do not appear to have been sufficiently 

examined.44   

3.12 In his second report, Professor Cook examines the findings of the Golder reports.45  

Professor Cook concludes that while the Golder reports indicate that MAR may be a 

feasible option, it has raised additional concerns about the heterogeneity of the site and 

the extent to which this heterogeneity is understood.  Professor Cook considers that 

greater site characterisation is required.  In light of Professor Cook's concerns regarding 

the confidence of the model predictions, and his view that the assumed worst case of 

70% grouting scenario may be optimistic, Professor Cook concludes that it would be 

advisable to evaluate a more conservative worst case scenario to cover potential larger 

than anticipated  mine inflows and therefore MAR injection volumes.46         

4. Terramin has not identified and addressed all risks associated with the proposed 

MAR.   

4.1 MAR is the intentional recharge of water to suitable aquifers for subsequent recovery or 

to benefit the environment.  Terramin identifies that MAR is "key to ensuring the 

protection of environmental values of groundwater and hence meeting the intent of the 

WMLR WAP".47   

4.2 Accolade is concerned that if MAR is poorly implemented and operated, it will have 

significant effects on the quality and quantity of the available groundwater and will 

                                                      

 
44 Attachment 1.1 - Cook's First Report, p 15.  
45 Attachment 1.2 - Cook's Second Report. 
46 Attachment 1.2 - Cook's Second Report, p 3-4.  
47 Mining Lease Proposal, Chapter 10 at [10.6.1.6]. 



 

16 

 

threaten the long term viability of business activities that rely on the groundwater, 

including the operation of its Petaluma winery.   

4.3 Professor Cook does not have confidence in Terramin's modelling that estimates the 

impact the mine inflows and injection volumes for MAR.  Professor Cook identifies 

concerns in his second report that, while Terramin's investigations show that MAR may 

be a feasible option, the investigations have raised additional concerns about the extent 

to which the heterogeneity of the site is understood.48  Professor Cook concludes that 

the assumed worst case of 70% grouting scenario may be optimistic and given the 

uncertainties in the model and the underlying difficulties in characterising the fractured 

rock aquifer, it would be advisable to evaluate a more conservative worst case scenario 

to cover larger mine inflows and mine injection volumes.49       

4.4 In short, Terramin's supposed "worst case scenario" is not in fact the credible worst 

case, and it appears that no modelling has been done in relation to the actual credible 

worst case scenario.   

4.5 Wallbridge Gilbert Aztec (WGA) was engaged by the Inverbrackie Creek Catchment 

Group to review the water management strategy for the proposed mining operations 

and, in particular, the proposal to implement MAR as a key aspect of the proposed mine 

operations.  WGA has undertaken a review of the reports provided by Terramin 

supporting the Mining Lease Proposal.  The report prepared by WGA is at Attachment 

1.4 of this submission.   

4.6 As set out in the report, WGA has identified significant concerns with the proposed MAR 

strategy.  In particular, WGA considers that several of the conclusions reached by 

Terramin are incorrect regarding the suitability of target aquifers for MAR and the level 

of investigation does not adequately address or quantify all potential risks.    

Summary of key issues identified by WGA 

4.7 Some of the key issues identified by WGA include: 

(a) Despite some water quality data being collected, the analysis of data is 

deficient.50  In particular, key water quality parameters (natural organic matter, 

total organic carbon, dissolved oxygen, redox potential and microbiological 

indicators) that can trigger geochemical or microbiological reactions have not 

been collected during background sampling and throughout the trial.  WGA 

considers that this is a "significant knowledge gap" and basic information 

required to evaluate the risk of geochemical reactions occurring that would 

impair groundwater quality, impact ability of existing users to continue to use the 

water for current uses or impair the operation of the MAR option.51     

                                                      

 
48 Attachment 1.2 - Cook's Second Report, p 3-4. 
49 Attachment 1.2 - Cook's Second Report, , p 4.  
50 Attachment 1.3 - WGA Report, p 13. (At Appendix H9 - MAR Investigation Report Golder (2019) it is explicitly stated 
that "the interpretation of recharge water and receiving aquifer groundwater quality has not been undertaken as part of 
the scope" (p. 36)).  
51 Attachment 1.3 - WGA Report, p 13.  
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(b) The risk that MAR will impact water quality remains high because key water 

quality risks have not been adequately identified and assessed.52 The key water 

quality risks identified by WGA include: 

(i) the risk that oxygen in the reinjected water will result in precipitation of 

minerals (e.g. iron) or reactions that produce arsenic;53     

(ii) the risk of disinfection by-products from residual chlorine in mains water 

e.g. trihalomethans and Halo Acetic Acids;54     

(iii) the risk of pathogens from surface run off, mine affected runoff and 

water fowl in the proposed treatment process and open ponds.55       

Further, the Groundwater Trigger Action Response Plan (TARP) at Appendix 

H7 is deficient because none of the risks associated with impacts to the water 

quality (other than salinity) have been addressed.56     

(c) WGA considers that an analysis of the water quality data shows that there is a 

high risk of geochemical reactions, including producing arsenic that will impact 

water quality and iron precipitation which will cause clogging.57 This is 

significant because remediation of clogged injection wells could take days or 

weeks to resolve and there are no identified management options to manage 

the water pumped from the mine if the MAR option is compromised.58       

Management options that are presented are effectively a summary of the 

various techniques as presented in the literature on MAR.  Each site is unique 

and the approaches to managing issues such as clogging require specific 

methods that align with the treatment train and the water quality.59  Terramin 

has not adequately addressed this risk, which is a significant flaw in its 

modelling.     

(d) The Tarcowie Siltstone aquifer and MAR is not sustainable in the long term due 

to compartmentalisation presenting a high risk that the aquifer becomes 

artesian.60       

(e) Further, WGA concludes that several of the claimed benefits of MAR at this 

location are not valid, including the following: 

(i) Existing users will have no access to the recharged water. 

(ii) Reinjection will not result in lateral spreading of the recharged water. 

(iii) The potential for MAR to support discharge to environmental receptors 

such as the spring and creek is limited. 

                                                      

 
52 Attachment 1.3 - WGA Report, p 13. 
53 Attachment 1.3 - WGA Report, p 13. 
54 Attachment 1.3 - WGA Report, p 14.  
55 Attachment 1.3 - WGA Report, p 15.  
56 Attachment 1.3 - WGA Report, p 17.  
57 Attachment 1.3 - WGA Report, p 19.  
58 Attachment 1.3 - WGA Report, p 12.  
59 Attachment 1.3 - WGA Report, p 1-2.  
60 Attachment 1.3 - WGA Report, p 2.  
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(iv) Overpressurisation of the aquifer compartments due to the MAR 

recharge may be the trigger that results in an unexpected inrush into 

the workings. 

(v) Overpressurisation of the aquifer compartments due to the MAR 

recharge has the potential significantly to reduce the grouting 

effectiveness.61     

Each of these factors demonstrates that the proposed MAR is not a viable 

option to achieve the outcomes identified by Terramin.   

Assigned environmental values 

4.8 Table 10-2 in Chapter 10 of the Mining Lease Proposal sets out a summary of the 

environmental values of particular waters under the Water EPP.  Terramin assigns 

Primary industries - irrigation and general water uses for the Tarcowie Siltstone 

(BHRIB02).   

4.9 However, WGA considers that the correct assignment for the Tarcowie Silstone is 

drinking water for human consumption:  

(a) Terramin has not adopted the conversion factor recommended by the 

Department of Environment and Water in converting the electrical conductivity 

(EC) units from micro siemens per centimetre to groundwater total dissolved 

solids (TDS). 

(b) When using the conversion factor for EC to TDS recommended by DEW, the 

environmental value for Tarcowie Silstone in BHRIB02 just exceeds the 

environmental criteria of 1,200 mg/L.  However, WGA identifies that the 

sampling from multiple wells indicates that regionally the Tarcowie Siltstone is 

typically less than 1,200 mg/L.  WGA concludes that the assigned 

environmental value should therefore be drinking water for human 

consumption.62    

4.10 This has significant implications for the MAR system because it defines the quality that 

the injected water must meet prior to reinjection into the aquifer.   

Viticulture issues with MAR 

4.11 As set out in more detail at Part 3: Viticultural Impacts below, Dr Hamilton has 

reviewed the proposal to undertake MAR from a viticulture perspective and notes that 

FOPS report does not discuss the possible implications of the proposed practice of re-

injection, or its efficacy in maintaining water balance, or consideration of potential 

impacts on water quality within the aquifer.63  

5. The likelihood of achieving 70% or 90% grouting effectiveness is uncertain 

5.1 Terramin expects that groundwater inflows will be reduced by 90% (90% effective) with 

the use of grout. Terramin has designed the water management system to account for 

                                                      

 
61 Attachment 1.3 - WGA Report, p 3. 
62 Attachment 1.3 - WGA Report at [3.2]. 
63 Attachment 5 to this submission.  
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groundwater inflow management being only 70% effective, which Terramin considers to 

be the "credible worst case scenario" as a conservative measure.64  

5.2 The feasibility of the grouting assumptions is critical for reducing impacts to other 

groundwater users.  For example, the 70% effectiveness grouting simulation estimates 

15m drawdown at Accolade's Petaluma bore, whereas the drawdown will be 1m with 

90% effective grouting and managed aquifer recharge.65    

5.3 Accolade has engaged Professor Saydam of University of New South Wales to review 

Terramin's grouting proposal.  Professor Saydam's report is attached to this submission 

at Attachment 1.4.    

5.4 Professor Saydam conducted a review of the Mining Lease Proposal and, in particular, 

the Grouting Proposal prepared by MultiGrout at Appendix H4, and concluded that it is 

not possible to predict the efficiency of the grout based on the information provided.66   

5.5 Professor Saydam explains that factors that will affect grouting include the grout 

materials and mixes.  Professor Saydam explains in his report the different types of 

grout available, and that different types of grout have pros and cons for water sealing 

purposes.67 Some grouts are used in combination to expand efficacy and to reduce 

costs. For example, low-cost Ordinary Portland Cement is regularly used with more 

expensive specialty grouts.  However, though Appendix H4 indicates that Terramin 

proposes to use Normal GP Type Cement for grouting, which is a general-purpose 

cement, Terramin does not provide detailed information about the grout chemistry.  

Given the importance of grouting to Terramin's mining proposal and proposed 

outcomes, this is a significant omission.   

5.6 Professor Saydam also highlights examples of failure of grouting in mines, including 

where mines have flooded and been abandoned due to failure of grouting.  Professor 

Saydam also suggests that mines with close proximity to surface water or groundwater 

resources and with a moderate to high acid drainage or contaminant leaching potentially 

have a relatively high risk of impacting water quality.68 

5.7 As noted above at 4.3, Professor Cook concludes that the assumed worst case of 70% 

grouting scenario may be optimistic due to deficiencies in the groundwater models.  

According to Professor Cook, the unpredictability of the fractured rock aquifer means 

that the sufficiency of grouting will always be in doubt.  In particular:  

(a) During the MAR trials, BHRIB02 penetrating the Tarcowie Siltstone yielded 

around 30-40 L/s (Figure 5 of AGT, 2017 - Appendix H1).  AGT suggests that 

this is an isolated intercepted fracture zone.  However, Professor Cook 

considers it is possible that this is not an isolated occurrence but rather an 

expression of the generally high permeability of parts of the Tapley Hill 

Formation and Tarcowie Siltstone at the site.69   

(b) Terramin have not tested the Tarcowie Siltstone directly beneath the fracture, 

meaning there is uncertainty between the fracture and marble (Appendix H4, p 

                                                      

 
64 Mining Lease Proposal, Chapter 10 at [10.6.1.6.2]. 
65 Attachment 1.2 - Cook's First Report at p. 3.   
66 Attachment 1.4 to this submission, [9].  
67 Attachment 1.4 to this submission, [42]. 
68 Attachment 1.4 to this submission, [122].  
69 Attachment 1.3 to this submission, p 2.  
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1). Multigrout notes that ore drive probing could result in a hanging wall failure, 

leading to loss of grouted ground - exposing ungrouted ground and high water 

inflows. Multigrout further notes that the consequence of a hanging wall failure 

would be a "very difficult recovery, [with] large time and cost complications" 

(Appendix H4, p 6). While grouting at 90% effectiveness may be achievable 

where the hydraulic conductivity is known, the unpredictability of fractured rock 

means unexpected high levels of hydraulic conductivity could result in a 

hanging wall failure that would be catastrophic for the mining operations and 

other groundwater users including Accolade.  

5.8 In Professor Cook's third report, Professor Cook provides further comments on the 

review of grouting undertaken by Saydam.  In particular, Professor Cook considers the 

table included in Professor Saydam's report70 for determining the degree of difficulty of 

sealing aquifer materials with grout.  Professor Cook explains that the table was 

extracted from Stille (2012) and the principle embodied in the table is that for highly 

conductive units, a small reduction in conductivity is not difficult to achieve. He 

concludes that, based on the table in the Stille (2012) report, Terramin's desired 

reduction in groundwater inflows constitutes difficult grouting or very difficult grouting. 

This is because: 

(a) The aquifer materials that will be intercepted by the mine are the Brighton 

Limestone (with an estimated hydraulic conductivity of approximately 10-8 to   

10-6 m/s) and Tapley Hill Formation (with an estimated hydraulic conductivity of 

approximately 10-7 to 10-6 m/s);71  

(b) The required hydraulic conductivities following grouting are therefore LOWER 

than 10-9 to 10-7 m/s for Brighton Limestone and LOWER than 10-8 to 10-6 m/s 

the Tapley Hill Formation.  

(c) The sealing efficiency refers to the reduction in hydraulic conductivity, and NOT 

the reduction in groundwater inflow. Reduction of groundwater inflow by 90% 

requires a sealing efficiency of much greater than 90%.  

5.9 Professor Cook concludes that the reports do not contain sufficient information on 

spatial variations in hydraulic conductivity. As explained in the Stille (2012) report, the 

distribution of fracture apertures is very important to the planning and ultimate success 

of grouting operations. There is no information on fracture apertures in any of the 

Terramin documents. 

5.10 Finally, it is clear from both Multigrout's proposal (Appendix H4) and Golder Associates' 

peer review (Appendix H5) that grouting efficiency is dependent on adequate resources 

being committed.  In particular, Multigrout states that "the resultant inflow from a 

grouting program may very much be dependent on the resources committed rather than 

the technical capability of the methodology. For projects without a strict specified water 

inflow limit to be achieved, the end result may be driven by financial criteria and what 

can be practically achieved within a budget limit."72  Golder's peer review of Multigrout's 

                                                      

 
70 Attachment 1.4 of this submission, Table 1 at paragraph [8]. 
71 Mining Lease Proposal, Appendix H1 at pp. 30 and 102. 
72 Mining Lease Proposal, Appendix H4 at page 5. 
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proposal similarly limits the opinion that 90% inflow reduction using cementitious grouts 

is reasonably "assuming good practice and adequate resources."73   

5.11 In the circumstances, the effectiveness of the grouting approach proposed by Terramin 

is uncertain.  Accolade submits that the Minister cannot be satisfied that Terramin's 

assumptions and, in particular its "credible worst case scenario", are appropriate and 

that Terramin's proposed outcomes can be achieved.  

6. There is an unacceptable risk of catastrophic groundwater event 

6.1  In light of the matters discussed above and, in particular: 

(a) the deficiencies in the groundwater modelling and aquifer characterisation 

identified by Professor Cook; 

(b) the uncertainties regarding the ability to grout at 70% and 90% effectiveness; 

and 

(c) the concerns expressed by WGA regarding the failure of Terramin to 

adequately address all potential risks regarding MAR, 

There may be an unacceptable risk of a groundwater event, including a catastrophic 

event, that would impact groundwater availability and/or groundwater quality. 

6.2 The risk and impact of reduced water supply on vine health and the quality of grape 

production is addressed in detail by Dr Richard Hamilton in his report at Attachment 

3.1.  Those impacts are discussed further at Part 3: Viticulture  below.  Dr Hamilton 

concludes that any loss of access to ongoing supplies of water for irrigation has the 

potential for vineyard and winery operations to become non-viable, and even short 

periods of water unavailability can have significant impacts.   

6.3 As identified by Professor Cook, it is particularly concerning that Terramin does not 

appear to have undertaken appropriate modelling of a "worst case scenario".  While 

AGT includes some simulations of a drawdown for a period of two weeks following 

interception of a fracture in the hanging wall by mine workings (Appendix H1 figure 62, 

and [7.5.2]), it is unclear why this scenario is run for only a two week period. Without 

explanation for how an interception would be remedied within this time period, it is 

difficult to sensibly argue that the model is simulating the worst case scenario.    

6.4 At Chapter 10 of the Mining Lease Application, Terramin discusses the possibility of the 

hanging wall fault/fracture being intercepted unexpectedly resulting in groundwater 

inflows. 74   Terramin states that in the "unlikely worst-case scenario, operations would 

need to be suspended until a solution was identified and approved by the mining 

regulator".75  As explained in detail at Part 3 below, Dr Hamilton concludes that this is 

completely unacceptable for any viticultural enterprise.   

                                                      

 
73 Mining Lease Proposal, Appendix H5 at [3.3]. 
74 Mining Lease Proposal, Chapter 10 at [10.7.1.4.1]. 
75 Mining Lease Proposal, Chapter 10 at [10.7.1.4.1]. 
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7. Conclusion 

For the reasons set out above, the proposed mine presents an unacceptable risk to 

groundwater.  The continued availability of groundwater to Accolade and other existing 

groundwater users in the region is critical, both from an environmental and economic 

perspective.  Despite the gravity of these risks, groundwater availability and quality have 

not been appropriately identified and addressed by Terramin in the Mining Lease 

Proposal.  In particular, appropriate worst case scenarios in respect of groundwater do 

not appear to have been appropriately modelled.  Further, while Terramin's mining 

lease proposal relies heavily on the benefits of MAR to mitigate the mine's impact on 

groundwater, the claimed benefits of MAR to this project may not, in fact, be available.   
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Part 2: Economic Impacts 

8. Overview  

8.1 Accolade and other businesses in the region play an important role in South Australia's 

tourism, agriculture and food and wine industries. The Adelaide Hills received 123,000 

visitors to wineries in the last year.  International Visitors are more likely to visit a winery 

closer to major gateways, with Adelaide Hills being the 7th most popular wine region to 

visit in Australia, and more popular than the Barossa Valley (9th) and McLaren Vale 

(16th).76 

8.2 The South Australian Tourism Plan 2030 states that consumer research shows that 

"South Australia leads the nation for 'good food and wine' as well as 'credible wineries 

and wine region' and notes that this is "critically important as research shows that these 

themes are the strongest driver of destination selection for the interstate audience, and 

second strongest thematic driver for international audiences".77  According to the Plan, 

the rate of employment in the tourism industry is just below that of more traditional 

agricultural and four times that of mining.78   

8.3 Accolade is concerned that the proposed mining operations will put at risk the viability of 

an existing, long standing and established industry that generates a positive economic 

impact on the State economy and has the potential to do so for many decades in to the 

future.   

8.4 Accolade contributes to the Adelaide Hills community through its premium wine 

production and Petaluma cellar door offerings for local, interstate and international 

tourists.   

8.5 If a worst case scenario were to eventuate that impacted the Petaluma winery, there is 

a risk that the Petaluma winery would no longer be viable.  This would destroy the value 

of Accolade's investment in the Adelaide Hills and Petaluma's contribution to the South 

Australian economy.  There is also the potential for flow on effects to the Adelaide Hills 

wine region as a whole and its "clean and green" status.  In particular, tourists and 

consumers may well not differentiate between affected and unaffected wineries and 

agricultural business in the Adelaide Hills.     

8.6 While Terramin suggests that the project will generate economic benefits, this is over a 

relatively short term as the proposed mine life is just 5 years.  For the reasons set out 

below, those economic benefits are outweighed, both in the short and long term, by the 

economic contribution to the State of the existing and sustainable industries (i.e. food 

and wine, agriculture and tourism) which will be put at risk by the proposed mining 

operations.   

9. Assessment of the economic value of Petaluma winery 

9.1 Accolade has engaged BDO to undertake an economic assessment of the economic 

contribution of Petaluma winery.  

                                                      

 
76 Tourism Australia, National Visitor Survey (2019).  
77 The South Australian Visitor Economy Sector Plan 2030 p 8. 
78 Ibid p 10.   
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9.2 A copy of the report prepared by BDO is attached to this submission at Attachment 2.1. 

9.3 In summary, BDO conclude that Petaluma Winery’s activities currently contribute $17.8 

million in gross state product (GSP) and 112 full time equivalent (fte) jobs to the South 

Australian economy. The contribution to GSP is projected to grow to $21.3 million by 

2023/24, while total full time equivalent employment contribution is projected to fall 

slightly to 110 full time equivalents.   

10. Economic contribution of agricultural businesses 

10.1 The Inverbrackie Catchment Group commissioned EconSearch to estimate the 

economic contribution (gross regional product/gross state product, household income 

and jobs) of existing land use in the Inverbrackie District and, in particular, land and 

businesses that will be impacted by the mine development proposed by Terramin. 

10.2 A copy of the report prepared by EconSearch is attached to this submission at 

Attachment 2.2. 

10.3 EconSearch's report considers the economic contribution of agricultural businesses 

within the Inverbrackie Creek District as at 2015/16 and their projected economic 

contributions for 2020/2021 through full time equivalent employment, gross state 

product and gross regional product by surveying eight businesses in the Inverbrackie 

area.  

10.4 In 2015/16, the economic contribution to the state from the operating activity of 

agricultural businesses in the Inverbrackie district likely to be impacted by the proposed 

mine are estimated to be $148.7 million in gross state product per annum, 793 FTE jobs 

and $60.7 million in household income per annum.79  

10.5 EconSearch estimates that by 2020/21, the economic contribution to the state from the 

operating activity of agricultural businesses in the Inverbrackie district will increase to 

$169.1 million in gross state product per annum.80 This is significantly higher than the 

expected contribution of Terramin's proposed mining project, which is estimated to 

generate a total impact on gross state product of $222 million81 over 8 years.82  

10.6 Further, Econsearch estimates that by 2020/21, the operating activity of agricultural 

businesses in the Inverbrackie district will contribute 885 FTE jobs and $71.8 million in 

household income per annum.83 

11. BDO Peer Review 

11.1 BDO has also been engaged by Bird in Hand Winery to undertake a peer review of the 

economic assessment relied on by Terramin, conducted by Economic Research 

Consultants (ERC).84  A copy of the report prepared by BDO is attached to this 

submission at Attachment 2.3. 

                                                      

 
79 Attachment 2.2 to this submission, p v.  
80 Attachment 2.2 to this submission, p v. 
81 Excluding the Gross Operating Surplus of the mining operation itself.   
82 Chapter 1 of the Mining Lease Proposal at p. 1-6.   
83 Attachment 2.2 to this submission, p v. 
84 Appendix W1 of the Mining Lease Proposal. 
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11.2 BDO has identified a number of concerns with the economic assessment relied on by 

Terramin, as summarised below: 

(a) BDO concludes that the consumption-induced effects are likely to be 

significantly overestimated. These impacts arise from the expenditure in the 

region of income earned by people directly employed in the mine and the 

expenditure of income earned by people working in jobs generated indirectly by 

the mine. 

(b) BDO considers that the consumption-induced effects are over estimated due to 

the unwarranted assumption that people will be either (i) moving into the region 

to fill the required jobs and will spend income in the region, expenditure that 

was not previously occurring; or (ii) will be existing residents who are currently 

unemployed and not spending any money in the region.   

(c) BDO identifies that this is an unreasonable assumption for a number of 

reasons.  For example, some of the people currently living outside the region 

will continue to do so and will simply commute to the region to work. 

(d) The analysis undertaken by ERC uses 2011/12 models.  BDO considers it 

would have been preferable to use more recent data.     

(e) Further, BDO considers that the precision of the analysis is reduced by using a 

20 sector IO model given the diversity within each sector. A standard RISE 

model has 78 sectors.  

(f) The grape growing/alcoholic beverage employment has been understated by 

using 2011 census data (166 persons employed) instead of 2016 census data 

(258 employed).  

(g) The comparison of the coexistence of mining and agriculture in the Hunter 

Valley to support coexistence in the Adelaide Hills is questionable, given that 

the Adelaide Hills is 9% of the size of the Hunter Valley, meaning that mining 

and agriculture will be closer in proximity, and that the Adelaide Hills is more 

intensively used for agriculture than the Hunter.  

(h) Further, land is undervalued for the site by calculating value on an Australia 

wide viticultural land basis ($6,650 per hectare) rather than acknowledging the 

actual value of viticultural land in the Adelaide Hills ($9,821 per hectare).   

(i) The estimated impact on surrounding activities is one year, whereas the 

positive impacts are calculated over the entirety of the mine life. For example, 

the worst case scenario impact was reported as 42 FTE and $3.4m in GRP 

whereas, assuming this is limited to the 8 years of the mine life, the impact 

would be 8 times this estimate, i.e. 336 annual FTE and $27.2m.  

(j) The ERC report also ignores the fact that negative impacts such as 

groundwater could be longer than a year, or even permanent.  

12. Conclusion 

12.1 The proposed mining operations will put the viability of established and sustainable 

food, wine and agricultural enterprises at risk.  As detailed above, these industries make 
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a significantly higher contribution to the State's economy than that projected to be 

generated by the Bird in Hand mine over the five year mine life. 
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Part 3: Viticulture 

12.2 Accolade has engaged Dr Richard Hamilton of Hamilton Viticulture to undertake a 

review the materials related on by Terramin in respect of viticulture.   

12.3 Dr Hamilton holds a Bachelor of Science (Hons) (1974) and Doctor of Philosophy 

(1979) from the University of Adelaide and a Graduate Diploma in Wine (1981) from 

Roseworthy Agricultural College.  Dr Hamilton has over thirty years' experience in the 

industry.   

12.4 Terramin addresses the agricultural impact of the Bird in Hand Mine at Chapter 22 of 

the Mining Lease Application and relies on the Agricultural Impact Assessment 

prepared by FABAL Operations Pty Ltd (the FOPS report).85   

12.5 Dr Hamilton has prepared a report responding to Chapter 22 of the Mining Lease 

Application and the FOPS report.  A copy of this report is attached as Attachment 3.1.  

12.6 Dr Hamilton concludes that the proposed mine has the potential to significantly harm 

established viticultural and horticultural activity.  Critically, Dr Hamilton considers that 

there remain levels of doubt that have the potential to jeopardise access to groundwater 

to a greater degree than that concluded in the FOPS report.86 

12.7 Dr Hamilton addresses at paragraphs [100] and [101]the time and cost that it would take 

viticultural and horticultural activity to recover from a worst case scenario.  Putting aside 

the significant cost imposition, as noted by Dr Hamilton at paragraph [43] of his report, 

the project life of the proposed Bird in Hand Mine is shorter than it would take for a 

viticultural activity to recover from a worst case scenario. 

12.8 The risk and impact of reduced water supply is explained further below, as are 

additional concerns identified by Dr Hamilton in his report regarding a number of 

potential airborne agriculture risk sources and other agricultural stressors.   

12.9 The Adelaide Hills Region 

(a) Since vineyards were first established in the late 1970s, grape growing and 

agritourism has become a key feature for the Adelaide Hills region.  

(b) The Adelaide Hills Wine Region Committee is focussed on supporting 300 

grape growers, 90 wineries and 54 cellar door operations, co-ordinating 

Sustainable Winemaking Australia program an annual regional wine shows and 

food and wine festivals.  

(c) Dr Hamilton notes that the Adelaide Hills wine region has "Clean and Green" 

status and maintaining this strong focus will be significantly challenged by 

having an active gold mine located in the established vineyard region in 

Woodside. 

                                                      

 
85 Appendix U1 of the Mining Lease Application.   
86 Attachment 3.1 to this submission, [41]. 
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12.10 Groundwater 

(a) As identified by Dr Hamilton, the impact mining operations will have upon 

viticulture may have been underestimated as Terramin's reports on groundwater 

cast more doubt upon the availability of water than the FOPS report.87  

(b) As set out in the below table, even short periods of restricted or no access to 

water can have significant impacts on the surrounding vineyards.  Dr Hamilton 

explains that the Adelaide Hills is a cool climate region focused on premium 

wine production, where yield is restricted, and produced in a similar fashion to 

the European "dry grown" viticulture. However, due to the shallow soils in the 

Adelaide Hills, supplementary irrigation at critical times is required to ensure the 

harvest of grapes which meet premium wine production specifications. 

Depending on timing, any restrictions in water supply will result in either 

downgrading in quality or possible total rejection of the grapes.  Periods of 

restricted or no access to water for more than two days may mean crop 

rejection, particularly where this restriction coincides with a heatwave.  

Period of water 

unavailability  

Possible impacts on vine health and quality of grape 

production 

>1 week Damage and reduction in grape yield and quality 

1-2 weeks Complete crop rejection 

> 2 weeks Vines at risk of defoliation 

Total crop loss 

Implications for following season 

2 months Extreme stress and vine death in shallow soils 

Variable impacts in deeper soils 

Remedial work required over 2-4 seasons. 

(c) The impacts will be even more significant where water is unavailable or 

restricted for longer periods.  If water is unavailable or restricted for a second 

season, Dr Hamilton concludes that vine decline and vine death will continue to 

progress.88  This may lead to an economic decision may be made to abandon a 

vineyard once functional vine cordon area drops below 90%. 

                                                      

 
87 Attachment 3.1 to this submission at [41].  
88 Attachment 3.1 to this submission at [98]. 
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(d) Dr Hamilton estimates that the cost of removing and replanting vines to revive 

an abandon vineyard is approximately $10,000-$15,000 per hectare89 and it 

would take 2 to 5 years for the vineyard to be returned to full production.  

However, this is a conservative estimate and Dr Hamilton has not undertaken a 

specific calculation in respect of re-establishing the Petaluma vineyard.    

(e) Similarly, loss of access of irrigation water can lead to loss of production for 4 to 

10 years (vine removal, a prescribed fallow period and reestablishment) and a 

cost of $10,000-$15,000 per hectare to re-establish vines.  Again, this is a 

conservative estimate and Dr Hamilton has not undertaken a specific 

calculation in respect of re-establishing the Petaluma vineyard.   The estimate 

does not include consideration of the costs of removal of dead vines, soil 

amelioration, pre-planting preparation, planting and vine training (all of which 

would be necessary additional costs) as well as the losses incurred during the 

period that an affected vineyard was not in production.  

(f) At Chapter 10 of the Mining Lease Application,90 Terramin discusses the 

possibility of the hanging wall fault/fracture being intercepted unexpectedly 

resulting in groundwater inflows.  Terramin states that in the "unlikely worst-

case scenario", operations would need to be suspended until a solution was 

identified and approved by the mining regulator.  This is completely 

unacceptable for any viticultural enterprise.  Critically, as identified by Dr 

Hamilton: 

(i) Issues in water availability will cause damage and reduction in grape 

production within two weeks, and complete crop reduction is possible 

after four weeks.  This will also have implications for fruitfulness for the 

following season.   

(ii) Vine death will begin if there are water availability issues for periods 

longer than two months.  This scenario would have implications on the 

viability of the vineyard and the need for remedial work to re-establish 

the vineyard over 2-4 seasons. 

(iii) Terramin's claim that there is "potential for utilising all MAR bores 

simultaneously to increase reinjection rates over the short term"91 does 

not offer a tangible solution for all affected vineyards, given the 

possibility of waterlogging raised in the FOPS report. 

12.11 Further, Dr Hamilton raises the following further matters in respect of the proposed MAR 

from a viticulture perspective: 

(a) The FOPS report does not discuss the possible implications of the proposed 

practice of re-injection, or its efficacy in maintaining water balance, or 

consideration of potential impacts on water quality within the aquifer.  

                                                      

 
89 The Petaluma winery adjacent to the Mining Lease Proposal is approximately 10 ha.   
90 Mining Lease Proposal, Chapter 10 at [10.7.1.4.1].  
91 Ibid.  
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(b) Climate change impacts (drought, temperature extremes) should be included in 

the modelling as these events are now expected events rather than unexpected 

events. 

12.12 Potential Airborne Agricultural Risk sources 

Dust 

(a) The mining operations will also increase the levels of dust on the neighbouring 

Petaluma vineyards.  While Dr Hamilton agrees that it is unlikely that dust will 

have any detrimental impact on grapevine photosynthetic activity, he notes that: 

(i) vines adjacent to unsealed roads may harbour mites, particularly when 

stressed, under dusty conditions; and 

(ii) vines adjacent to unsealed roads may harbour scale under dusty 

conditions, and particularly when stressed. 

(b) In respect of scale, Dr Hamilton identifies that scale is an ongoing issue in 

vineyards in the region and is associated with sooty mould, which develops as 

infections on the sugary liquid excreted by scale.  Sooty mould has been 

associated with wine taint in relatively low levels of incidence and rejection of 

fruit may occur at incidence levels of sooty mould on grapes as low as 3-5%. 

(c) The FOPS report does not mention the potential impact of increased dust levels 

on Mite and Scale populations in vineyards.  Further, the FOPS report does not 

mention difficulties with spray applications on dusty vines in terms of 

interference with coverage through inadequate wetting and spread of applied 

chemicals.   

(d) Accordingly, Terramin's conclusion that there is expected to be negligible 

impact on surrounding vineyards from potential dust deposition from the mining 

operation may be incorrect.92  

Metalliferous contaminants transfer to adjoining agricultural crop and land 

(e) Dr Hamilton has identified that the FOPS report fails to: 

(i) acknowledge that the grape and wine industry is aware of and 

increasingly monitoring the potential impact of accumulative soil 

concentrations of Copper on soil biology and the risk of introducing 

other heavy metal contaminants through mining activities creating dust, 

enters new territory; or 

(ii) include consideration of the potential impact on vineyard personnel. 

Chemical contaminants 

(f) Dr Hamilton strongly supports the recommendations in the FOPS report that: 

                                                      

 
92 Chapter 22 [22.7.1] 
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(i) Terramin be kept informed of the "AWRI Dog Book"  recommendations 

and that the same standards be applied by Terramin for any 

agrichemical applications (products, dosage and timing); and  

(ii) Terramin should avoid the use of Group 1, Phenoxy Acid herbicides. 

Pests / Plant Diseases / Plant Pests 

(g) Dr Hamilton considers the FOPS report recommendation for Terramin to adopt 

Vine Health Australia protocols is "essential".  Dr Hamilton also recommends 

that Terramin: 

(i) reviews the protocols for other horticultural and broadacre agriculture 

crops to ensure that its protocols minimise biosecurity risk for all 

agricultural pursuits; and 

(ii) reviews the BIH Exploration Drilling and Works SOP in consideration of 

all agricultural activities, to ensure that all Terramin staff have a 

demonstrable and ongoing understanding of biosecurity risk factors.  

12.13 Potential other agricultural stressors 

Fire risk 

12.14 As the Adelaide hills is a high-risk fire zone, Terramin will need to be highly aware of its 

role in minimising fire risk.  In particular, Terramin should be aware of the potential 

impact of burning off site and the risk of smoke taint to surrounding vineyards.  Burning 

off should be restricted to vine dormancy periods (late May to early September).   

Salinity  

12.15 The mine site sits upon a natural divide between the WMLR and the EMLR.  The EMLR 

groundwater is significantly more saline, with underground water resources that can 

have concentration of up to 4,000ppm, in contrast to the upper limits of the WMLR of 

1,000ppm.   

12.16 Though Dr Hamilton concludes that there is little natural opportunity for the WMLR 

groundwater to be contaminated with the more saline groundwater from the EMLR, 

Terramin has identified that there is a "minor risk" that the more saline EMLR water may 

intrude on the WMLR groundwater inflows (10-87)".  

12.17 This is a major concern for Accolade.  As Dr Hamilton explains, salinity increases the 

osmotic pressure of water which decreases the ability of plants to absorb it. 

Furthermore, as some ions (e.g. chloride and sodium) increase in concentration they 

become toxic to plants and at high levels will lead to sodicity and destruction of soil 

structure.  Vines are more tolerant of salinity than most horticultural crops but will suffer 

adverse impacts on growth when irrigation water has salinities greater than 1,200ppm.93   

                                                      

 
93 Rob Walker, 'Managing Salinity in the Vineyard' (Fact Sheet, CSIRO Plant Industry, Waite Campus, Adelaide, 
Growing Winegrapes 2010 Conference, 2010) Available at <http://www.mvwi.com.au/items/423/Rob%20Walker%20-
%20Salinity%202010-11.pdf>. 

http://www.mvwi.com.au/items/423/Rob%20Walker%20-%20Salinity%202010-11.pdf
http://www.mvwi.com.au/items/423/Rob%20Walker%20-%20Salinity%202010-11.pdf
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12.18 Conclusion 

Accordingly, for the reasons set out in Dr Hamilton's report, the proposed mining 

operations pose an unacceptable risk to Petaluma's viticultural activity which must be 

taken into account in the Minister's assessment of the mining proposal.   
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Part 4: Noise and Blasting impacts 

13. Overview of noise and blasting issues 

13.1 Accolade is concerned that mine noise has the potential to impact the operation of the 

Petaluma winery such that co-existence is not possible.  Accolade is concerned that 

noise generated from the mine will deter visitors to the Petaluma winery, significantly 

impact on amenity and result in a reduced through door rate.  Visitors to the Adelaide 

Hills "clean and green" wine region, which is a significant contributor to the South 

Australian economy, would not expect to be, and should not be subjected to audible 

mine noise  

13.2 The introduction of new mining related noise sources will affect the existing noise levels 

in the area.  This is addressed by Terramin at Chapter 16 of the Mining Lease Proposal, 

including in relation to noise levels at sensitive receptor locations including the 

Petaluma winery (sensitive receptor R18).  Blasting impacts are addressed separately 

at Chapter 17 of the Mining Lease Proposal.   

13.3 Chapter 16 of the Mining Lease Proposal provides a comparison of predicted noise 

levels against regulatory limits and outlines the measures and management strategies 

that will be implemented during mining operations. 

13.4 Terramin relies on a Noise Impact Assessment prepared by AECOM.94  The noise 

assessment considers the construction and operation of the mine against the 

requirements of the Environment Protection (Noise) Policy 2007 (Noise EPP) and 

concludes that, subject to recommended acoustic treatments, the mine will achieve the 

requirements of the Noise EPP.  Separate assessments have also been made to 

determine the additional treatments to achieve the proposed Leading Indicator Targets 

and to reduce the impacts of blasting.95   

Regulatory regime and noise limits proposed by Terramin 

13.5 Terramin must adhere to the Noise EPP in order to comply with the general 

environmental duty under s 25 of the EP Act.   

13.6 The Noise EPP limits the amount of noise in the relevant area, being the watershed 

(primary production) zone within the Onkaparinga Valley Policy Area (under the 

Adelaide Hills Council Development Plan) to:  

(a) Daytime (7am-10pm): 57db(A) 

(b) Night Time (10pm-7am): 50db(A) 

13.7 Terramin proposes to adopt these limits during surface construction and underground 

development (years 0-1 and 1-2). 

13.8 Terramin has also elected to adopt the noise level criteria in clause 20(4) of the Noise 

EPP for the ore production (operational) phase of the project in order to provide a better 

                                                      

 
94 Mining Lease Proposal, Appendix O3. 
95 Mining Lease Proposal, Appendix O5. 
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acoustic amenity outcome for the surrounding community.96 This means that Terramin 

will adopt the following noise limits during ore production (years 2-7): 

(a) Daytime (7am-10pm): 52db(A) 

(b) Night Time (10pm-7am): 45db(A) 

Issues with Terramin's noise assessment 

13.9 Accolade and Bird in Hand Winery jointly engaged Sonus to undertake an independent 

review of the Mining Lease Proposal in respect of noise and blasting impacts.  Sonus 

has prepared a report which is attached to this submission at Attachment 4.1. 

13.10 As addressed in detail below, Sonus has identified a number of technical issues with the 

noise assessment relied on by Terramin and concludes that those issues have the 

potential to significantly modify the proposal.   

13.11 The issues identified by Sonus must be addressed by Terramin, as in light of the 

matters raised in Sonus' report, it is not clear whether the noise limits proposed by 

Terramin are achievable.  Further, there is reason to doubt Terramin's assessment that 

the predicted mine noise levels will in fact be "low impact." 

13.12 This is particularly critical as the Mining Lease Proposal acknowledges that mine noise 

will at times be audible,97 and this is before the matters raised by Sonus have been 

addressed.   

Protection of the environment 

13.13 The definition of "environment" under the Mining Act 1971 (SA) includes existing or 

permissible land use.  In relation to the proposed mine, existing and permissible land 

uses include the operation of the Petaluma winery and cellar door.  In particular, 

Accolade notes that: 

(a) The Petaluma winery is a licensed premises under the Liquor Licensing Act 

1997 (SA).98   

(b) The Petaluma winery is licensed to trade 7 days a week from 10.00am to 

5.00pm, and until 8.00pm during daylight savings.   

(c) Cellar door operations may be affected by the noise generated from the mine.  

The licensed premises comprises Area 1 (inside the cellar door) and Area 2 (an 

outside deck).  Both Area 1 and Area 2 have a capacity of 60 persons (though 

the overall capacity of the premises is limited to 60 persons).  Visitors to the 

cellar door regularly sit out on the deck, which may be more likely to be affected 

by noise impacts of the proposed mining operations.       

13.14 In the circumstances, the Minister is required to consider protection of that existing land 

use in determining whether to grant the mining lease.  Further, if the Minister 

                                                      

 
96 Mining Lease Proposal, Chapter 16 at p. 16-6. 
97 Mining Lease Proposal, Chapter 15 at p. 16-36. 
98 Accolade Wines Australia Limited holds a Producer's Licence (Licence No. 50801498) in respect of the Petaluma 
premises.   
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determines to grant a mining lease to Terramin, section 34 of the Mining Act requires 

the Minister, in determining the terms and conditions of the mining lease, to give proper 

consideration to the protection of: 

(a) any aspect of the environment that may be affected by the conduct of 

operations in pursuance of the lease (s 34(6)(a)); and 

(b) any other lawful activities that may be affected by those operations (s 34(6)(b)). 

13.15 As noted at paragraph 25 of this submission, while Accolade does not consider that the 

imposition of conditions can resolve the noise issues identified in these submissions 

and submits that co-existence is simply not possible and that Terramin's application 

should be refused, should the Minister determine to grant the Mining Lease, Accolade 

seeks the opportunity to be heard in relation to the conditions to be imposed.   

14. Issues raised by Sonus 

Noise Model Inputs 

14.1 Sonus has raised the following issues in respect of noise model inputs. 

Ventilation Plan 

14.2 Appendix N4 to the Mining Lease Proposal sets out a ventilation plan prepared by Mine 

Ventilation Australia, which addresses ventilation requirements.     

14.3 Sonus has identified that the ventilation plan and the noise assessment need to be 

updated to ensure consistency in both the design and sound power level of the primary 

exhaust system.   

14.4 Sonus has also raised practical design issues of achieving the required attenuation.  In 

particular, AECOM recommends that the system should achieve a 23dB(A) noise level 

reduction by incorporating pod type attenuators placed directly on the fans.   

14.5 However, Sonus notes that pod type attenuators should not be placed directly on the 

inlet or outlet of a fan as poor air flow conditions can result.  This has the potential to 

increase noise levels and affect the ventilation performance.   

Batching Plant 

14.6 Terramin proposes having an onsite concrete batching plant for all cement production 

required during the life of the mine.  The batching operations will involve use of an 

agitator truck to mix and deliver cement around the site.  

14.7 Sonus considers that it will need to be confirmed that the concrete batching plant is of a 

scale which can readily be accommodated within the proposed 6m x 10m x 6m 

colorbond shed.  Further, it should be confirmed that the shed and the sound power 

level of 110 dB(A) is sufficient when accounting for all processes including aggregate 

bins, vibrating hoppers, loaders and truck activity including concrete mixing. 
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Penalties under the Noise EPP 

14.8 Sonus is not satisfied that penalties under the Noise EPP have been appropriately 

applied in the noise assessment relied on by Terramin.   

14.9 Penalties are applied by the Noise EPP for the presence of dominant and annoying 

characteristics when considered within the context of the existing ambient acoustic 

environment.  If a noise contains modulation, tonal, impulsive or low-frequency 

characteristics, penalties apply such that source noise level must be adjusted as 

follows:  

(a) 1 characteristic: +5 dB(A);  

(b) 2 characteristics: +8 dB(A); and  

(c) 3 or 4 characteristics: +10 dB(A).  

14.10 Any applicable penalties are added to the predicted noise levels prior to comparison 

with the assessment criteria provided by the Noise EPP.   

Impulsiveness 

14.11 Sonus identifies that the noise assessment adds a penalty for impulsiveness in respect 

of noise associated with ore loading into the surge bin and into the haul truck.  However, 

the penalty has been removed from the predicted noise levels following the adoption of 

AECOM's recommendation for enclosure of these activities.99   It is only appropriate to 

remove a penalty if the noise has reduced below the ambient noise environment.  

Accordingly, Terramin will need to confirm that the maximum noise levels associated 

with ore loading into the surge bin and into the haul truck are lower than the regular 

ambient noise levels.  Otherwise, the penalty will need to be reinstated.     

Modulation 

14.12 One of the most critical issues identified by Sonus is that the noise assessment does 

not add any penalties for modulation.  This is despite modulation being an inherent 

characteristic of mining activity with surface mobile equipment.   

14.13 This aspect is important to the assessment outcomes as a modulation penalty would 

add 5 dB(A) to the predicted noise levels in the absence of any other characteristic 

penalty or would add 3 dB(A) in the circumstance where an impulsive penalty was still 

deemed to apply.   

14.14 Sonus identifies that, in particular, heavy vehicles accessing the site and the front end 

loader and articulated dump trucks are noise sources that inherently exhibit modulation.   

14.15 The noise assessment should have considered modulating characteristics of mobile 

plant and equipment which will operate at the mine.  This could add up to 5 dB(A) to all 

predicted noise levels during operation. 

                                                      

 
99 Mining Lease Proposal, Appendix O3: at Tables 16 and 17 of Appendix B.   



 

37 

 

Impacts of Noise and Blasting 

14.16 Sonus concludes that, based on the Mining Lease Proposal and subject to the 

information sought in its report, the construction and operation of the mine could result 

in audible noise and felt vibration which will adversely impacts on the amenity of the 

locality.  

14.17 Further, Sonus considers that the noise, vibration and overpressure assessments need 

to be adjusted following the identification of other relevant assessment locations.   

14.18 Assessment locations for the consideration of impacts should include all relevant points 

of annoyance on residential land or on a business premises. An example of a valid 

assessment location would be the actual locations where weddings are regularly held.   

14.19 For example, the actual location at Bird In Hand Winery where weddings can occur on 

their land, as depicted below, should be included in the noise assessment. 

 

15. Conclusion  

15.1 The issues raised by Sonus have the potential to significantly modify the proposal.  

15.2 In particular, the cumulative effect of: 

(a) the inclusion of a noise penalty for modulation; and  

(b) the consideration of the site at Bird In Hand Winery where weddings occur, 

being a noise sensitive location which is significantly closer than those currently 

assessed; 

has the potential to add in the order of 10 dB(A) to the predicted noise levels currently 

presented in the noise assessment for the proposed mining operations.  

15.3 Sonus concludes that such an order of increase would require significant additional 

treatments to the operations.  
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15.4 Accolade submits that the Minister cannot be satisfied that Terramin has appropriately 

addressed noise impacts in the Mining Lease Proposal.   
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Part 5: Traffic Impacts 

16. Overview  

16.1 Terramin do not propose to process the minerals extracted from the Bird-In-Hand Mine 

at the Bird-In-Hand Mine site. Rather, the minerals will be transported by road to the 

Angas Processing Facility in Strathalbyn.   

16.2 Terramin relies on a traffic assessment undertaken by Tonkin Consulting Pty Ltd (the 

Tonkin Assessment),100 which was completed in accordance with the Department of 

Planning, Transport and Infrastructure (DPTI) Restricted Access Vehicle Route 

Assessment procedures. Tonkin was engaged by Terramin to analyse existing traffic 

count data, determine the impact of the proposed Bird-in-Hand mine on the existing 

traffic networks and identify preferred haulage routes and preferred vehicle combination 

for ore haulage.  Tonkin makes several recommendations as to the haulage route, 

vehicle use, and works required on certain roads.  

16.3 Terramin proposes that 24 (12 return) haulages will occur using truck and dog vehicles 

daily, and 4 (2 return) haulages will occur using heavy vehicles daily.101  

16.4 Accolade has engaged Melissa Mellen of MFY to review the Mining Lease Proposal and 

prepare a report that addresses the following issues:   

(a) whether the traffic assessment relied upon by Terramin is appropriate; and  

(b) any safety issues that arise from the proposed haulage routes and vehicles.  

16.5 A copy of the report prepared by Ms Mellen is at Attachment 5.1. 

16.6 MFY concludes that there are a number of deficiencies in respect of the traffic 

assessment relied on by Terramin and that the Mining Lease Proposal has neither 

identified or sought to resolve significant road safety implications associated with the 

proposed mining operations. A summary of the issues raised by MFY is set out below.   

17. Issues raised by MFY 

Assessment Method 

17.1 Chapter 8 of the Mining Lease Proposal includes an “Assessment Method” which states 

that the Tonkin Assessment was undertaken in accordance with procedures outlined in 

the DPTI Restricted Access Vehicle Route Assessment document. 

17.2 However, MFY notes that the relevant assessor in regard to heavy vehicle routes is the 

National Heavy Vehicle Regulator (NHVR), and while it is relevant to consider the DPTI 

document, it is the NHVR guidelines that are specifically relevant to the assessment of 

Heavy Vehicle Routes.  In relation to the NHVR assessment requirements, NHVR 

provides the following definition for a route assessment:  

                                                      

 
100 Appendix F1 of the Mining Lease Proposal.   
101 Mining Lease Proposal, Chapter 8 [8.7.2].  
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“A route assessment is an assessment of the impacts, or likely impacts, of relevant 

restricted access vehicle use on road infrastructure in the areas or on the routes 

requested in the application for access. This can include structural assessments on 

bridges, pavements, culverts, tunnels and the like, as well as geometrical assessments 

such as swept paths at intersections, stacking distances and overtaking provision. It 

does not include assessment of non-road infrastructure elements including amenity 

issues or public consultation processes.”  

17.3 MFY explains that a route assessment considers the geometrical and infrastructure 

impacts but does not extend to road safety requirements or traffic impact as it relates to 

the amenity or safety for other road users.  

17.4 In order to provide a holistic assessment in respect to the potential traffic impact for the 

project, MFY explains that the following documents are required:  

(a) a heavy vehicle route assessment, prepared in accordance with the NHVR 

Guidelines; 

(b) a Road Safety Audit of the proposed Haulage Route; and  

(c) a traffic impact assessment in accordance with Austroads Guidelines.  

17.5 MFY notes that while the Tonkin Assessment does, in part, extend beyond the specific 

review required in a heavy vehicle route assessment, it fails to provide key information 

which will identify potential impacts associated with the proposed operation, specifically 

in relation to the haulage route and associated impacts and risks to the community on 

the public road. It also includes assumptions in respect to responsibilities for 

infrastructure delivery, without considering the role or design criteria for the road.  

17.6 MFY considers that the Tonkin Assessment has considerably underestimated the 

impact associated with the haulage assessment.   

17.7 The Tonkin Assessment provides the following commentary in respect of traffic 

volumes:  

“Table 9.1 indicates a commercial vehicle increase of 17.9% on Pfeiffer Road, 

from 1 vehicle every 4.5 minutes to 1 vehicle every 3.8 minutes (i.e. 2.5 

additional vehicles per hour; 50% laden, 50% unladen). It is expected this 

percentage increase of commercial vehicles over the lifetime of the mine 

operation (10 years) on Pfeiffer Road, is likely to result in an accelerated 

deterioration of the road and increased maintenance.”  

17.8 However, MFY considers that the assessment has failed to differentiate the impact 

between large articulated vehicles and other trucks. There is a considerably larger 

impact and different design requirements associated with large articulated trucks when 

compared with smaller rigid trucks. 

17.9 By way of comparison, the 2017 traffic count data identified, on average, 12 trips per 

day related to articulated vehicles using Pfeiffer Road. Adopting the Tonkin forecast for 

the proposal, there would be 24 trips using articulated vehicles which equates to an 

increase of 200%. Using Tonkin’s analogy, this would equate to an increase of one 

articulated truck every 50 minutes to one articulated truck every 16.7 minutes. 
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Haulage Vehicle 

17.10 Based on advice from the Tonkin Assessment, Chapter 8 of the Mining Lease Proposal 

states that Terramin intend to utilise a 19.0m truck and dog combination, given that this 

arrangement will provide for less movements and that the vehicle is a general access 

vehicle.  This is reinforced in Chapter 3 of the Mining Lease Proposal, where Terramin 

states: 

"The proposed haulage vehicle is a Tipper Truck and Dog trailer <19m length 

(Truck and Dog). This vehicle is rated as a General Access Vehicle (GAV). 

General Access Vehicles (GAV) comply with mass and dimension requirements 

and do not require a notice or permit to operate on the road network."102  

17.11 However, the trip number forecast for the proposed haulage regime is based on an 

assumption that the load capability for a truck and dog is 50T. The Common Heavy 

Freight Vehicle Configurations are prescribed by the NHVR. The relevant table is 

included in Appendix A and identifies the following:  

(a) a 19.0 m rigid truck and dog combination vehicle does fall within the General 

Access Vehicle criteria where it complies with prescribed mass and dimension 

requirements; and  

(b) the maximum regulatory mass which is permitted within the General Mass Limit 

is 42.5T.  

17.12 Accordingly, in order for a rigid truck and trailer combination vehicle that can 

accommodate a 50 T load capacity to be utilised, the proposal would need to satisfy 

one of the following two criteria:  

(a) achieve a gazetted or permit for the route to be utilised as an HML (High Mass 

Limit) route, in accordance with the NHVR requirements; or  

(b) utilise a PBS vehicle which satisfies relevant NHVR requirements, provided the 

permit for the PBS vehicle (which is a requirement as identified by NHVL) does 

not preclude use of any portion of the prescribed route.  

17.13 MFY notes that both of these options will require an assessment and permit (or 

gazettal) to be obtained.  

17.14 Alternatively, if Terramin uses a general access vehicle, the number of heavy vehicle 

trips will be greater than envisaged in the Mining Lease Proposal. 

Road classification 

17.15 The Tonkin Assessment has only identified the roads in its assessment as either arterial 

or local roads. However, there are variations in respect to the classification of roads 

within those categories.  The Tonkin Assessment has not recognised the varying impact 

on routes where the primary function of the road does not contemplate regular use by 

large commercial vehicles. Associated amelioration measures required to mitigate 

                                                      

 
102 Mining Lease Proposal, Chapter 3 at [3.7.1.4.1] p. 3-254 
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potential safety impacts which for vulnerable road users have therefore not been 

identified.  

17.16 In particular, MFY identifies that there has not been adequate detail provided in respect 

to the role of the various roads along the proposed haulage route. For example, while 

Woodside Road in Nairne (labelled Nairne Road in the Tonkin report) is an arterial road, 

its primary role is to provide access for the local community. It provides for direct 

residential access to properties, pedestrian access to local playground, recreation 

facilities, a primary school, and forms part of a bus route. The road does not provide for 

significant heavy vehicle requirements.  

Traffic Impact Assessment 

17.17 MFY considers that the Tonkin Assessment does not provide adequate detail in respect 

to the potential increase in risk to the community and existing road users and there are 

significant potential safety impacts along the route that warrant further investigation.  

17.18 The details provided in the traffic impact assessment section of the Tonkin Assessment 

relate to the potential impact on the road pavement. The identification of potential 

impact to pavement life is one factor to consider in respect to maintenance 

requirements for the life of the mine. However, the Tonkin Assessment does not provide 

any assessment of the impact of the proposed development on other road users along 

the proposed haulage route.  

17.19 It is evident that the potential safety impacts along the route have not been recognised 

as they are not documented in either Chapter 8  or the Impact Assessment at Appendix 

E1 of the Mining Lease Proposal. Instead, the following advice is included in Chapter 8: 

Terramin expect the increase in road safety risk to be negligible.103  

17.20 As an example, MFY identifies that the Tonkin Assessment makes no assessment or 

reference to the potential conflict between existing road users and heavy vehicles on 

Woodside Road in Nairne. The Tonkin Assessment does not detail any traffic impact on 

this road and no impacts are recognised in the Impact Assessment at Appendix E1.  

However, MFY identifies that there are significant potential impacts between existing 

road users and the large heavy vehicles which have not been identified: 

(a) The lane widths on Woodside Road within Nairne narrow to 3.0m which is less 

than the recommended width on heavy vehicle routes (minimum lane width 

3.5m) in Austroads; 

(b) there are increased conflict risks between vehicles turning at intersection, 

vehicles accessing residential properties and pedestrians crossing the road or 

walking to the school.  

In this example, the increased road safety risk is not negligible.  The potential impact 

should be identified as part of the assessment.  

                                                      

 
103 Mining Lease Proposal, Chapter 8 at [8.7.5], p. 8-23. 
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Road Upgrade Requirements 

17.21 Chapter 3 of the Mining Lease Proposal identifies the existing intersection as not being 

‘fit-for purpose’ to cater for existing traffic requirements, albeit it identifies that there is a 

need to upgrade the Pfeiffer Road/Nairne Road intersection.  

17.22 The Mining Lease Proposal does not identify any further requirements for amelioration 

measures or improved infrastructure on the balance of the haulage route, despite 

numerous upgrade requirements being identified in the Tonkin Assessment. The Mining 

Lease Proposal relies on the use of a General Access Vehicle and that such a vehicle 

should already be provided for on the assessed route.  

17.23 Notwithstanding that the vehicle currently proposed is not a GAV, the design 

requirements for road networks do not necessarily demand access for all types of 

vehicles. Accordingly, it cannot be assumed that an existing intersection will 

accommodate the turning path of a 19m semi-trailer or truck and dog.   

17.24 An assessment of the change in vehicle type and potential change in nature of traffic 

using the road is required to identify the infrastructure requirements along the route and 

any associated upgrades.  

17.25 Further, the Tonkin Assessment provides advice about "significant works" required for a 

section of Nairne Road between North Road and Old Princes Highway in order to cater 

for the proposed haulage vehicles and states that "the detailed route assessment as 

part of the next stage of the mining lease proposal will identify specific works required 

for the upgrade of this section of Nairne Road".104  However, this advice is not reflected 

in the Mining Lease Proposal at Chapter 3 or in the Impact Assessment at Appendix E1.  

17.26 In addition, the route assessment criteria considered in the Tonkin Assessment do not 

take into consideration the additional requirements associated with heavy vehicles. 

These requirements are documented in Austroads Technical Report AP-T293-15 Road 

Design for Heavy Vehicles. This document provides guidance on the additional impact 

on pavement, stopping sight distance requirements and acceleration requirements 

associated with heavy vehicles.  

17.27 Of particular note is that the sight distance requirements for heavy vehicles is increased 

(due to the additional time necessary for these vehicles to stop). Accordingly, there will 

be a negative impact on road safety at any location where sightlines are currently 

constrained.  

17.28 Finally, the Mining Lease Proposal refers to ongoing discussions with stakeholders 

including local Councils and DPTI in relation to proposed road upgrades.  Given the 

matters raised in the MFY report, and in particular that the design requirements for road 

networks are not required nor necessarily in demand for the broader public accessing 

these networks, Accolade does not consider that the local community and the State 

should bear the cost of these upgrades.  

                                                      

 
104 Mining Lease Proposal, Appendix F1 at p. 25.   
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Safety implications 

17.29 MFY considers that a detailed Road Safety Audit in accordance with the Austroads 

Guidelines is warranted to understand safety issues along the proposed haulage route. 

This will identify where road safety improvements are required to satisfy appropriate 

Standards and guidelines, given the increased risk associated with the haulage vehicles 

on the road network.  

17.30 Appendix B to the MFY Report includes a series of plans which identify potential road 

safety risks on the proposed haulage route. Of particular significance are the following 

issues:  

(a) potential impact and high safety risk associated with conflict between haulage 

vehicles and domestic vehicles and pedestrians on Woodside Road, Nairne;  

(b) potential conflict risk between haulage vehicles and domestic vehicles adjacent 

the Woodside Barracks and Crest development on Nairne Road at Inverbrackie;  

(c) increased crash risk at the Pfeiffer Road/Nairne Road intersection; and  

(d) potential increase in crash risk at locations where sight lines do not meet 

standard requirements for heavy vehicles.  

18. Conclusion 

18.1 As detailed above, the Transport Assessment relied on by Terramin is not appropriate. 

In particular, the assessment did not include a traffic impact assessment in accordance 

with Austroads assessment criteria or a Road Safety Audit.  Further, there are 

significant safety issues associated with the Mining Lease Proposal.  

18.2 Accolade submits that the Minister cannot be satisfied that Terramin has appropriately 

addressed traffic impacts in the Mining Lease Proposal.   
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Part 6: Stakeholder Engagement 

19. Community requests for information 

19.1 Section 5.2 of the Ministerial Determination seeks a summary of the stakeholder 

consultation undertaken, including responses to address community concerns.  

19.2 Terramin has on several occasions failed to provide material in response to community 

requests during consultation.  The following table lists some examples of these 

occasions but is not an exhaustive list. 

Topic Outstanding Issue 

Water 

Allocations 

Terramin committed through the Woodside Community Consultative 

Committee (WCCC) process that it would lodge a request under Section 128 

of the Natural Resources and Management Act for a water allocation.   

Chapter 3 of Terramin's Application states that it has obtained sufficient 

water allocations from existing holders and that it does not require s 128 

authorisation. This came as a surprise to the WCCCC members.   

Insurance and 

Risk  

Terramin made a commitment to have an insurance expert to clarify risk, 

outlining the various types of insurance that could be put in place and how 

risk is mitigated through insurance (WCCC Meeting 6th May 2018).  This did 

not occur.     

Visual 

Amenity 

Terramin committed to providing further images of the proposed mine from 

neighbouring properties showing best and worst case scenarios.  No 

response was provided in respect of the "worst case scenario".  

Managed 

Aquifer 

Recharge 

Trials  

Terramin did not provide a requested explanation and specifics on proposed 

inflows to bores to landholders.   

Terramin did not have an independent expert explain practicalities regarding 

MAR to stakeholders, as requested.   

Transport Truck movements and comments regarding traffic were to be revisited at a 

future meeting before final recommendations made. This did not occur.   

20. Website 

20.1 Terramin has recently launched a new website at http://birdinhandgoldmine.com.au 

(the website).  The Google Ad banner describes the website as "Adelaide Hills Gold 

Mine | Minimal Impact Mining | Get the facts" (emphasis added).   

20.2 Accolade is concerned that the website contains a number of statements that are 

inaccurate and capable of being misleading and/or do not reflect the content of the 

Mining Lease Proposal.  Examples of those statements include: 

 

 

 

http://birdinhandgoldmine.com.au/
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(below image captured from the website) 

 

"Apart from the benefits to the community, you will hardly know it’s there." 

"The mine will not use groundwater  Seepage water will be supplied to 

neighbours - FREE OF CHARGE - and surplus pumped back underground" 

"Mine seepage water extracted from the mine will be: 

Within the water usage rights that accompany the property (i.e. no more 

water will be drawn from the water table than an agricultural landowner 

would be allowed to draw)." 

"The mine has been designed to be virtually invisible." 

"There will be no impact on the local water supply."  

"It should be noted, had the property been acquired for agricultural purposes 

(for example a winery or for farming) instead of being acquired by Terramin, the 

land owner would have full rights to draw and use underground water up to their 

maximum license allocation"  

20.3 In Accolade's submission, there is a risk that persons who may have made a 

submission opposing the mine may not do so as a consequence of the representations 

made on that website. 
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Part 7: Financial Position of the Terramin Group 

22. Key Matters on Terramin's Financial Position 

22.1 On 30 August 2019, Terramin Australia Limited released its 2019 Interim Financial 

Report relating to the 6 month period ended 30 June 2019 which has been 

independently reviewed by Grant Thornton.  The 2019 Interim Financial Report 

indicates that, as at 30 June 2019, the current liabilities of Terramin Australia Limited  

and its controlled entities (Terramin Group) exceeded its current assets by 

$23.6 million.  The 2019 Interim Financial Report notes that Terramin's directors are 

aware that additional debt or equity will be required within 12 months in order to 

continue as a going concern and that the Terramin Group may be unable to realise its 

assets and discharge its liabilities in the normal course of business.   

22.2 In its Independent Auditor's Review Report dated 29 August 2019 (which accompanies 

Terramin's 2019 Interim Financial Report), Grant Thornton states that these events or 

conditions (amongst others) "indicate that a material uncertainty exists that may cast 

significant doubt on the [Terramin Group's] ability to continue as a going concern". 

22.3 Since 30 June 2019, the Terramin Group has increased its existing unsecured facility 

with Asipac Group Pty Ltd (Asipac), a major shareholder of Terramin, by $5.3 million, 

taking its total debt facility with Asipac to $26.05 million (which is fully drawn).  Based on 

Terramin's 2019 Interim Financial Report, it appears that all of the Terramin Group's 

loan facilities are provided by Asipac, which indicates that the Terramin Group is heavily 

reliant on Asipac's financial support for its operations.  Asipac's debt facilities are due to 

be refinanced by 31 October 2019.  It appears that the Terramin Group has already 

drawn down on its existing debt facilities.  As such it will be necessary for Terramin to 

raise or access further funds (whether by way of debt and/or equity). 

22.4 Under the $6 million loan facility provided by Asipac to Terramin Exploration Pty Ltd 

(Terramin Exploration) (which forms part of the total debt facility of $26.05 million 

provided by Asipac), Asipac is granted the following first ranking securities: 

(a) a real property mortgage over land acquired at Bird-in-Hand; 

(b) a general security interest over all the assets of Terramin Exploration; and 

(c) a specific security interest over the shares of Terramin Exploration held by 

Terramin. 

22.5 If Asipac were required to enforce any or all of the abovementioned first ranking 

securities, Terramin Exploration's assets will likely be reduced which may impact 

Terramin Exploration's ability to discharge its liabilities.    

22.6 Furthermore, as the Terramin Group does not have a Deed of Cross Guarantee in 

place, if Terramin Exploration is unable to discharge any of its liabilities, there may be 

no ability for those liabilities to be recovered from any other entities within the Terramin 

Group (including Terramin Australia Limited) unless those other entities are parties to 

commercial contracts under which they guarantee Terramin Exploration's obligations. 

22.7 It is critically important that, prior to granting the Mining Lease, the Minister be satisfied 

that Terramin will be able to meet the costs of rectification (including in any credible 
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worst case scenario) and provide an appropriate bond and security pursuant to the 

Mining Act.  Should there be any risk that Terramin will be unable to meet rectification 

costs arising from its mining operations, or provide adequate security, this should be 

given significant weight in deciding whether the Mining Lease should be granted.   



 

49 

 

Part 7: Procedural Fairness 

23. Mine life 

23.1 The Mining Lease Proposal states that the project will involve five years "life of mine" 

based on the known BIH resource105 and this has been reflected in the materials 

provided by Terramin, Terramin's public consultation and its website.    

23.2 This submission has been prepared based on the term of any lease reflecting a five 

year life of mine.  However, should the Department consider granting a mining lease 

with a term that would allow a mine life of greater than five years, Accolade submits that 

this is a matter that would require further public consultation.  In those circumstances, 

Accolade would seek an opportunity to put further submissions in relation to the term of 

the mining lease and any consequential impacts.   

24. Opportunity to make an oral submission 

24.1 Given the matters of significance raised in this submission, Accolades seeks an 

opportunity to make oral submissions to the Department in relation to the grant of a 

mining lease to Terramin in respect of the Bird in Hand Gold Project. 

25. Conditions 

25.1 In the event that the Minister proposes to grant a mining lease to Terramin in respect of 

the Bird in Hand Gold Project, Accolade seeks the opportunity to be heard in relation to 

the conditions to be imposed.   

                                                      

 
105 Mining Lease Proposal, Executive Summary at p.3; Chapter 3 at, for example, Table 3-6 and [3.4.3.1].    
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Conclusion 

26. For the reasons set out in this submission, Terramin's Mining Lease Application should 

be refused on the basis that the proposed mine presents an unacceptable risk to the 

environment (as defined by section 6(4) of the Mining Act) and the existing food, wine 

and agricultural industries.  Those industries make a significantly higher contribution to 

the State's economy than that projected to be contributed by the proposed mine over its 

projected five year life.  Critically, the industries that will be put at risk by the mine are 

long-term, sustainable and consistent with the Adelaide Hill's "clean and green" image.   

27. The continued availability of groundwater to Accolade and other existing groundwater 

users in the region is critical, both from an environmental and economic perspective.  

For the reasons set out in this submission, the potential risks to groundwater availability 

and quality have not been appropriately identified and addressed by Terramin in the 

Mining Lease Proposal.  In particular, appropriate worst case scenarios in respect of 

groundwater do not appear to have been appropriately modelled.   

28. Further, while Terramin's mining lease proposal relies heavily on the benefits of MAR to 

mitigate the mine's impact on groundwater, for the reasons set out in section 4.7, the 

claimed benefits of MAR to this project may be illusory.   

29. Other impacts of the proposed mine, including in relation to viticulture, noise and traffic, 

have similarly not been appropriately identified and addressed by Terramin in the 

Mining Lease Proposal.  Noise impacts, in particular, will have a detrimental impact on 

Accolade's Petaluma site and the amenity of the region.  For example, audible blasting 

noise from a mine is entirely incompatible with a "clean and green" wine region and will 

detrimentally impact, not just on Petaluma, but on the perception of the Adelaide Hills 

Wine Region as a whole.   

30. In short, co-existence between the mine and existing permissible uses (including 

Petaluma) is not possible.   

31. While Terramin indicates that the proposed mine will deliver economic benefits to the 

State, this must be weighed against the risk to existing and established businesses in 

the region who make a significantly higher contribution to the State's economy.  For 

example, it is estimated that by 2020/2021, agricultural businesses in the region as a 

whole will contribute $169.1 million in gross state product per annum to the South 

Australian economy.  This is significantly higher than the expected contribution of 

Terramin's proposed mining project, which is estimated to generate a total impact on 

gross state product of $222 million106 over 8 years.107  

32. Further, in this submission, Accolade has identified a number of deficiencies in 

Terramin's application which do not comply with the Ministerial Determination.   

33. In Accolade's submission, when all of these matters are considered, the balance falls 

clearly in favour of refusing Terramin's Mining Lease Application.  Accordingly, 

Accolade submits that: 

                                                      

 
106 Excluding the Gross Operating Surplus of the mining operation itself.   
107 Chapter 1 of the Mining Lease Proposal at p. 1-6.   
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(a) the Minister cannot be satisfied that Terramin has satisfied the requirements of 

the Ministerial Determination; and 

(b) the Minister should not grant a Mining Lease to Terramin in relation to the 

proposed Bird in Hand project.   
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SUMMARY 

Fractured rock aquifer systems are highly complex, and our ability to characterise them is limited. In 
many fractured rock systems, the un-fractured rock has very low hydraulic conductivity, with 
fractures responsible for most of the flow. Small variations in the aperture of fractures can result in 
very large variation in hydraulic conductivity, with a doubling of fracture aperture causing an 
eightfold increase in hydraulic conductivity of the rock unit containing the fracture.  Published 
literature shows that hydraulic conductivity of individual formations can range over seven orders of 
magnitude, including in the Clare Valley, an environment that is geologically similar to the project 
site. Such large variation in hydraulic conductivity is largely due to spatial variations in fracture 
aperture, fracture density, fracture length and fracture connectivity.  

An aquifer characterisation program recently has been conducted in the vicinity of the Bird-in-Hand 
gold mine, with a view to re-opening the mine. The characterisation informed the development of a 
groundwater flow and transport model that was used to predict impacts on the groundwater 
resource and on groundwater users.  

Model simulations of the impact of pumping without ameliorative measures show large impacts on 
adjacent landholders. Drawdown is estimated to be more than 10 m over an area exceeding 6 km2 
(Figure F33), although the magnitude of the drawdown close to the mine (including on the Petaluma 
bore, 6628-8940) is not specified. Simulations that include grouting of the mine walls to 70% and 
90% effectiveness and managed aquifer recharge (MAR) have significantly reduced impacts on 
landholders. For the 70% effectiveness grouting simulation, drawdown at the Petaluma bore is 
estimated to be 15 m, but less than 1 m with 90% effective grouting and managed aquifer recharge. 
We are unable to comment on the feasibility, or otherwise, of these grouting approaches and their 
effectiveness. However, little evidence on the feasibility of grouting the mine walls to reduce water 
inflows by these percentages is provided, yet it is critical for reducing impacts on groundwater users.  

Although the model documentation identifies a number of areas where the model could be 
improved, there is no clear statement that there will be another model or that the current model 
will be substantially revised. The IGS review of the model as “fit-for-purpose” is somewhat at odds 
with their criticism of the model and associated documentation in a number of important areas. 
These included uncertainty associated with the zone of high recharge, parameterisation of the 
hanging wall fracture, poor regional model calibration and limited sensitivity analysis. Our own 
assessment of the characterisation and modelling shows it to be deficient in many areas. These 
include uncertainty associated with recharge estimates, apparent lack of inclusion of pumping in the 
steady state model, poor calibration of the transient model, uncertain impact of anisotropy on 
pumping test interpretation and subsequent model simulations, apparent influence of model 
boundaries on simulations, very limited model sensitivity and uncertainty analysis, and 
underestimation of the potential for acid mine drainage. 
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INTRODUCTION 

The Bird-in-Hand gold mine is located immediately adjacent to the Petaluma winery, near Woodside 
in the Adelaide Hills. Terramin is currently carrying out investigations with a view to re-opening this 
mine, which has not been operational for almost 80 years. Petaluma and a number of other 
landholders have concerns for the potential impact of the mine on the regional groundwater. 
Through law firm Piper Alderman, Accolade wines (who own Petaluma) asked the National Centre 
for Groundwater Research and Training to review the groundwater materials that were available 
through the Terramin website as of 31 October 2018. Specifically, this included the Final 
Groundwater Assessment report (prepared by AGT), the Numerical Model Development (Appendix 
F), Simulated Groundwater Levels (Appendix G), the Independent Review of this work by Innovative 
Groundwater Solutions, and an acid and metalliferous drainage assessment (by Tonkin Consulting). 
(The documents that were examined are listed in the Appendix.) This report describes the results of 
this review. 

 

AQUIFER CHARACTERISATION 

Background 

Fractured rock aquifer systems are highly complex, and our ability to characterise them is limited. In 
many fractured rock systems, the un-fractured rock has very low hydraulic conductivity (K), with 
fractures responsible for most of the flow. Small variations in the aperture of fractures can result in 
very large variation in hydraulic conductivity, with a doubling of fracture aperture causing an 
eightfold increase in hydraulic conductivity of the rock unit containing the fracture.  Published 
literature shows that K of individual formations can range over seven orders of magnitude (Tsang et 
al., 1996), including in the Clare Valley, an environment that is geologically similar to the project site 
(Love et al., 2002). Such large variation in K is largely due to spatial variations in fracture aperture, 
fracture density, fracture length and fracture connectivity. The complexity of the Bird-in-Hand site 
(and surrounding areas) thus necessitates an extensive characterisation process. 

  

Aquifer Hydraulic Characterisation 

Hydraulic conductivity (K) represents the ability of water to flow through geological units (i.e., the 
permeability of the rock to water). The water storage properties are represented by the porosity (θ) 
and the storage coefficient (S). The porosity is the fraction of void space in the geological unit. Below 
the water table, this void space will be occupied by water. The storage coefficient is the change in 
water storage, for a given change in pressure. The storage coefficient (together with the hydraulic 
conductivity) is a key parameter that controls how far drawdown extends away from a pumping bore 
(i.e., the propagation of pressure). The porosity controls the rate of water movement, and hence 
solute transport.  

Aquifer characterisation has included analysis of water level, well yield and water quality data from 
existing wells, as well as drilling of additional wells, downhole geophysical logging, and aquifer 
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testing. Of particular interest are the pumping tests, as these provided quantitative information on 
hydraulic properties (K and S) of the different geological layers. Aquifer (pumping) tests were 
conducted on 8 wells:  IB1, IB2, IB3, IB4, IB5 and three private wells. Some information was also 
obtained from examining response of private irrigation wells to irrigation cycles. However, most of 
these wells are located within a relatively small area (see Figure 6), and pumping tests on the three 
private wells were of very short duration, and so the extent of the aquifer sampled by these would 
have been very small and unlikely representative of larger, regional scale hydraulic conductivity 
values. This is particularly problematic in an aquifer that is likely to be highly heterogeneous.   

A number of different mathematical models are used to interpret the pumping test results (p.38 and 
Appendix B). However, there is no discussion of why particular models are chosen for particular 
situations, and insufficient discussion of the flow geometry (and assumptions) underlying these 
different models. There is also insufficient discussion of the extent to which these models fit the 
observation data, and hence what the accuracy of the estimated hydraulic parameters might be. 
Precise values are given in Table 5, with little discussion of their accuracy. Changes in the shape of 
the drawdown plot that occurred during pumping well IB-4 are interpreted as the effect of a zone of 
low hydraulic conductivity (p.68), but the description of the changes in drawdown do not clearly 
match the plots presented in Appendix B. In any case, it is unclear how the location of this boundary 
is determined with sufficient accuracy for it to be included in the regional groundwater model (see 
below). Some of the modelling simulations (described below) also suggest that significant anisotropy 
is present in the aquifer system. If this anisotropy is not specifically included in models used to 
interpret pumping tests, then the results of the pumping test analyses may be seriously in error 
(National Research Council, 2012).  

Numerous faults are presented in Figure 9 (p.49), although the source of this information is not 
described. Their role on the regional hydrogeology also is not discussed. Faults can act as either 
barriers or conduits to flow (Bense et al., 2013), and some consideration of their possible role would 
appear to be warranted.  

Information on variation in hydraulic properties with depth is based largely on a plot of bore yield 
versus depth (Figure 40). Based on this plot AGT state that the most productive zone of the Tapley 
Hill Formation is at 50 – 150 m below ground level, which they suggest might be due to a higher 
fracture density or larger fracture apertures within this zone (p.111). However, it is not clear that the 
50 – 150 m depth zone has, on average, higher well yields than shallower and deeper zones. To 
establish this, the authors would need to present mean values (and possibly standard deviations) of 
well yield within different depth zones. No such statistics are presented.  

Groundwater Balance 

Recharge across the catchment is estimated using the chloride mass balance approach. The 
description of the application of this method is particularly poor, with no justification for the 
assumed chloride concentration in rainfall (10 mg/L) or annual runoff rate (10% of rainfall). The 
authors claim that this is a reliable technique in fractured rock aquifers (p.118), and reference a 
report by Cook (2003). However, the report by Cook (2003) describes “two major difficulties” with 
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using the chloride mass balance approach in a fractured rock system. Probably the most significant 
of these problems is the requirement by the chloride mass balance method that the system be in 
steady state. Studies in the Clare Valley have shown that this assumption may not be reasonable, 
and will result in underestimation of recharge (Love et al., 2002). This problem is not discussed 
within any of the AGT reports. Due to uncertainties associated with the chloride mass balance 
method for estimating recharge, it would be prudent to also apply other approaches, perhaps 
including the water table fluctuation method and use of geochemical groundwater age indicators.  

It is unclear whether or not flow in Inverbrackie Creek was measured as part of the characterisation 
(p.47 refers to monitoring of flow, but no data is provided in the report). If it was not monitored, 
then it is not clear why this is the case, as it is a relatively simple process and would have been useful 
data. 

Salinity and Water Quality 

Water quality data has been obtained from investigation bores and from a number of private wells. 
Although much of the groundwater within the catchment is of relatively low salinity (most bores are 
less than 1500 mg/L TDS), some areas of higher salinity exist, particularly to the southeast of the 
mine site. However, based on data contained in Appendix C1 and C2, there are also areas of saline 
water (> 3000 mg/L) much closer to the mine site than depicted in the regional groundwater salinity 
map (Figure 28). It is unclear why this data (e.g., from 6628-23530 and 6628-8301) is not discussed in 
the report and omitted from the map. It suggests that a more thorough understanding of the 
distribution of water quality in the regional aquifer (including how it changes with depth) is 
warranted.  

MAR is being investigated by Terramin to mitigate the drawdown of water tables surrounding the 
mine workings and it is stated in AGT (2017) that “groundwater that seeps into the mine during 
probe drilling will be pumped to surface, treated and reinjected back into the FRA, in a radial pattern 
around the mine” and “any water pumped from the mine will be treated to remove any 
contamination prior to reinjection.” Treatment of the mine-derived drainage water is necessary in 
order to prevent any deterioration of the water quality in local aquifers. Where iron sulphides, such 
as pyrite are present in mined rocks, acid mine drainage (AMD) may occur if these sulphides are 
exposed to aerated conditions following the lowering of groundwater tables. Groundwater seeping 
into mine voids could, under those circumstances, be acidic and contain elevated metal and 
metalloid concentrations. If sufficient calcareous material is present within the zone of dewatering 
and aeration, acidic waters will be buffered and near neutral pH conditions can be expected, 
however, some metal and metalloids are likely to remain elevated, such as e.g. cadmium or arsenic.  

The Bird-in-Hand mine will be developed through the Tapley Hill Formation and the Brighton 
Limestone. The latter contains the gold deposit to be mined. The Tapley Hill Formation and the gold 
deposit itself are associated with some pyritic material, however, Tonkin (2016) have assessed that, 
“allowing for the appropriate management of PAF (Potential Acid Forming) material ”there is 
generally a “low potential for AMD generation” at the mine site. Tonkin (2016) found, on the basis of 
44 rock samples from the Tapley Hill Formation, that pyrite mineralisation within this formation is 
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“relatively rare”. Unweathered Tapley Hill Formation at the site was described by Tonkin (2016) as 
banded siltstones that contained “only minor amounts of disseminated primary sulphide and 
infrequent occurrences of pyrite along veinlets, joints and fracture zones”. Weathered rock units 
were characterised as “laminated siltstones with disseminated primary and secondary sulphide, 
representative of supergene pyrite zone”. The presence of a supergene sulphide body within the 
Tapley Hill Formation is an indication that sulfidic material is present within the formation. Here, 
sulfidic material has, where weathering and aeration has occurred, been partly dissolved and 
leached into deeper parts of the formation, where, under anoxic conditions below the water table, 
re-precipitation has given rise to the supergene deposit. In addition to pyritic material, calcareous 
minerals are, however, also present in the Tapley Hill Formation and, according to Tonkin (2016) the 
%CaCO3 ranged between 0 and 5.85%, which indicates a “moderate to high capability for Tapley Hill 
Formation samples to be net acid consuming”. The Brighton Limestone is “the host to quartz reef 
gold mineralisation at Bird-in-Hand. Gold is present as free particles associated with pyrite and 
limonite within a quartz reef mineralising system.” However, the high %CaCO3 content in the 
formation, which ranged between 4.25 to 75.82% in the 12 samples investigated by Tonkin (2016) 
leads to an assessment of the Brighton Limestone being generally “acid consuming”, given its high 
buffering capacity. Given the above, some generation of acid mine drainage can be anticipated 
during the operation of the mine, and will not be restricted to the supergene layer. 

GROUNDWATER MODEL CONSTRUCTION 

The groundwater model construction was informed by the characterisation described above. For the 
most part, the model uses constant and isotropic horizontal hydraulic conductivity values for each 
geological unit, although changes in hydraulic conductivity with depth occur for some units. The use 
of constant and isotropic hydraulic conductivity values across geological units is unrealistic for a 
fractured rock aquifer, but is a common assumption for modelling purposes. However, it is critical 
that this assumption is assessed as part of sensitivity and uncertainty analysis. Small-scale variation 
in hydraulic conductivity may not significantly influence drawdown at distances of several hundred 
metres or more from the pumping sites, as drawdown at these distances is likely to respond to 
average hydraulic properties. However, if there is a preferred orientation to fractures, then hydraulic 
conductivity can be higher is some directions than in other directions (i.e., anisotropy). This can have 
a profound effect on drawdown.  Some of the characterisation data suggest this is the case, but it is 
not included in pump test analysis or in the groundwater model. Errors in drawdown can also result 
if large fractures or fractures zones are present and not included in the model conceptualisation. 

Based on well yield data (see above), Layer 7 of the groundwater model is assigned K values one 
order of magnitude lower than Layer 6 (Appendix F p.9). The model does not appear to include a 
separate sensitivity analysis on the conductivity of this lower layer, and sensitivity analysis to 
hydraulic conductivity is mostly limited to factor-of-two variation. It is therefore unclear exactly 
what effect this low hydraulic conductivity layer has on model results, but it might limit the lateral 
spread of drawdown from the mine, and hence result in underestimation of the regional impact (see 
discussion below). 
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The groundwater model also includes flow barriers that were inferred principally from the pumping 
test on well IB-4. The effect of these barriers on simulated drawdown with the Tapley Hill Formation 
is significant (Figure F47), and also in the Tarcowie Siltstone, particularly to the south of the mine 
site in the unmitigated and 70% effective grout simulations. Since the presence of these barriers has 
not been conclusively demonstrated, their inclusion in the model is questionable, particularly since 
their impact on model results is significant. Furthermore, numerous other faults are presented in 
Figure 9 (p. 49), but their role on the hydrology is not discussed, and these are not included in the 
model. We therefore cannot be sure that “worst case” conditions have been examined in the 
current set of model parameters and scenarios. 

Storage coefficients used by the model have been estimated from aquifer tests, although there is 
little discussion of the accuracy of these values. There is also no explanation of how porosity values 
used by the model have been determined. 

In summary, the model construction with respect to hydraulic parameterisation (K, S and θ) contains 
a number of assumptions and simplifications that have not been sufficiently tested and justified. This 
is discussed further below. 

Recharge zones in the model are loosely based on chloride mass balance data, although some 
recharge rates used by the model are lower than any of the chloride mass balance estimates of 
recharge (compare Figure F5 with Table 9 and Figure 43) and there is insufficient data available to 
accurately define boundaries between the zones. Defining recharge zones based on chloride mass 
balance estimates obtained from chloride concentrations measured in individual bores also ignores 
the fact that groundwater flows through the catchment, and so the recharge estimate obtained from 
a particular bore represents the recharge rate up-gradient of the bore location, not at that location. 
These issues together with the very high uncertainties associated with the chloride mass balance 
approach collectively mean that the recharge distribution used in the model must be considered to 
be highly uncertain. Although the model uses a sensitivity analysis to show that the impact of a zone 
of high recharge east of the mine does not greatly alter drawdown predictions, there is no more 
general examination of sensitivity to recharge values or the resulting uncertainty in the model 
predictions. Underestimation of recharge will likely result in underestimation of hydraulic 
conductivity when the model is calibrated. This could result in underestimation of the extent of the 
drawdown cone induced by mine dewatering, and needs to be tested in a formal uncertainty 
analysis. It is also unclear whether the model uses constant recharge or whether recharge is varied 
seasonally. If constant recharge was used, then the calibration of the model to seasonal water level 
variations could result in errors in estimated hydraulic parameters (see discussion below).  

MODEL BOUNDARIES 

The model domain covers an area of approximately 26.5 km2, and extends as far east as 312000 and 
as far south as 6127000. One of the key rules for developing groundwater models is that model 
boundaries should either reflect true flow boundaries of the system, or they should be set far 
enough away so that they do not influence simulation results. This seems not to be the case. In 
particular, the eastern and south-eastern boundaries of the model have been set as General Head 
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Boundaries (GHB; Appendix F p.12). This means that water will flow into the model through the 
boundary, according to a head (or pressure) difference and conductance value. The head on the far 
side of the boundary (which is not directly simulated) is assigned, and if the head within the model 
adjacent to the boundary drops below this value, then flow will occur into the model.  

Figure 52 (main report) and Figure F31 (Appendix F) appear to show the drawdown cone extending 
to the models eastern and southern boundaries. Since the drawdown cone cannot extend beyond 
this boundary, a large head gradient is created at the boundary which allows flow into the model. 
The flow into the model is much greater than would occur if the model extended further, and this 
will reduce the simulated drawdown in other areas. The proximity of the eastern and southern 
boundaries thus appears to be influencing the model results, and causing drawdown to be less than 
would otherwise be the case. This appears to be a major model defect. 

MODEL CALIBRATION AND VALIDATION 

Model calibration was carried out in a number of steps: (i) a steady-state calibration to spring water 
levels, (ii) a transient calibration to seasonal regional pumping, and (iii) a transient calibration to the 
pumping test on well IB-4. The latter calibration is most relevant to the model’s ability to simulate 
mine dewatering, as it will be most sensitive to the depths and geological units that are relevant to 
subsequent model predictions. 

The steady state simulation appears not to include the presence of groundwater extraction 
(predominantly irrigation) wells. (Pumping data is not included in the water balance in Table F4.) 
However, in the transient calibration to seasonal regional pumping, AGT observes that “pumping for 
irrigation causes seasonal fluctuations, but no long-term decline”. However, if the groundwater 
system appears to be currently in steady state with current groundwater pumping, then it would 
appear to be essential to include this groundwater pumping in the simulation. If the recharge rates 
are correct, then to omit pumping (which is of similar magnitude to recharge) would increase the 
volumes of water moving through the aquifer, and the model would need to have higher hydraulic 
conductivities to simulate the observed water levels. The comparison of modelled versus observed 
heads on calibration bores is reasonable for many bores, but differences are in excess of 10 m on a 
number of bores (Figure F10). No map is provided showing the spatial distribution of these 
discrepancies, yet this is common practice and would be informative. The authors do comment that 
the fits are poorest in bores that are furthest from the project site (p.35 and Figure F18). Although 
this may be true, since this data was used as part of model calibration, it may have impacts 
throughout the model domain. 

A short transient calibration was also carried out using regional pumping data, in an attempt to 
reproduce seasonal water level variations. Figure F17 shows plots of simulated and observed heads 
over approximately 2 years at 28 bores within the region. For seven of these bores, seasonal 
variations in both simulated and observed heads appear to be less than 1 m, and cannot be readily 
determined on the scale of the figures. However, for most of the remaining 21 bores, seasonal 
variations in heads are significantly underestimated by the model. In a number of cases, the 
underestimation approaches an order-of-magnitude. It would have been helpful if a plot showing 
simulated versus observed seasonal drawdown was included in the documentation, but this is not 
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the case. The IGS review of the model also raised this issue. It would also be helpful if these data 
were plotted as absolute values rather than relative head deviation. It is not common practice to 
only show relative deviations, as relative values mask some of the model calibration issues. 
Nevertheless, the underestimation of seasonal drawdown would appear to indicate that either 
pumping rates are greatly underestimated, or that storage parameters are overestimated. If the 
latter, then the impacts of pumping on adjacent groundwater users might also be significantly 
underestimated. However, it might also result from not including seasonality of recharge in the 
model (if this is the case), or from recharge rates that are too high in these areas. The ratios of R/K 
and S/K (recharge divided by hydraulic conductivity, and storage coefficient divided by hydraulic 
conductivity) will control the ability of the model to simulate these transient water level changes, 
and it would suggest that at least one of these parameters is in error. 

The report states that the model “generally reproduces seasonal pumping-induced fluctuations” 
(Appendix F p.35), but this is not reflected in the comparison of field data and simulation results. It 
also notes that “offsets” in calibration are “not relevant to the transient calibration”. This is not 
correct. Offsets in calibration mean that the model is not correctly reflecting reality. At the field site 
it is probably largely due to errors in hydraulic conductivity values (or the lack of including spatial 
variability in hydraulic conductivity). Incorrect K values will affect predictions produced by the 
model. Since pumping was not included in the steady state calibration, inclusion of pumping in this 
transient calibration should have caused a declining groundwater trend over time. This is not readily 
apparent from Figure F17, although is briefly mentioned on page 42 of Appendix F. It is possible that 
this declining trend is not more readily apparent because of the relatively short period of this 
simulation. 

Results of the transient calibration to pumping test data shows reasonable simulations of some well 
drawdown and recovery measurements, but poor simulation of others (Figure F13). The report 
claims that underestimation of drawdown at three wells may indicate local anisotropy in hydraulic 
conductivity with a northwest-southeast primary axis, and note that this type of anisotropy is 
common in fracture zones. If such anisotropy exists, then it is concerning that the model did not try 
to simulate it. However, the poor calibration may result from poor model parameterisation in other 
areas. (The IGS report describes the parameterisation of the hanging wall fracture zone as a “major 
limitation of the model”, and we agree with this assessment.) The AGT (2017) report further claims 
that model-based underestimation of recovery rate indicates that the model is conservative 
(Appendix F p.31). But simulation of the pumping test data greatly underestimates drawdown at a 
number of the observation bores. This is not a conservative result, as underestimation of pumping 
test results is likely to mean that results of mine dewatering impacts will be similarly 
underestimated, when the calibrated model is ultimately used for mine scenario modelling. 

The report argues that the model is “validated” through comparison with flows in Inverbrackie 
Creek. Simulated groundwater flow (baseflow) to Inverbrackie Creek (and tributaries) in pre-mining 
simulations is approximately 732 ML/y (23.2 L/s), and it is noted that this is “adequately 
comparable” with a baseflow estimate of 874 ML/y (27.7 L/s) estimated by Zulfic et al. (2002). 
However, the latter is extremely unreliable due to the methods used to derive it. It is unclear why no 
attempt was made to measure creek flow by the project proponents. Mining activities are predicted 
to decrease baseflow by approximately 150 ML/y by year 5 – 6 with no mitigation (Figure F35). 
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However, AGT has not established that flow in the creek is more than 150 ML/y throughout the year. 
If flow in the creek is less than 150 ML/y at any time, then the water that is assumed to be drawn 
from the creek (approximately 10 – 15% of mine inflows) will have to be drawn from elsewhere, and 
this will increase the size of the drawdown cone. Model validation is also claimed through simulation 
of spring locations along Inverbrackie Creek and agreement with historical anecdotal observations. 
However, the information provided on each of these approaches is insufficient for the quality of the 
validation to be objectively assessed. 

 

MODEL RESULTS 

The model estimates that drawdown without grouting and managed aquifer recharge will be more 
than 10 m over an area exceeding 6 km2 (Figure F33). However, the magnitude of the drawdown 
close to the mine (including on the Petaluma bore, 6628-8940) is not specified. (It will be a lot more 
than 10 m.) It is surprising that Table 13, which gives the magnitude of the drawdown for a number 
of existing bores does not give the drawdown for the ‘no mitigation’ scenario. All values in this table 
assume that grouting is at least 70% effective in reducing mine inflows. (The same is true for some 
other simulation results, including flows across the Prescribed Water Resource Area boundary.) 
Simulations that include grouting of the mine walls to 70% and 90% effectiveness and managed 
aquifer recharge (MAR) have significantly reduced impacts on landholders. For the 70% effectiveness 
grouting simulation, drawdown at the Petaluma bore is estimated to be 15 m, but less than 1 m with 
90% effective grouting and managed aquifer recharge (Table 13). 

Model simulations assume that the hanging wall fracture is not intercepted by mine workings. Some 
simulations are included that show drawdown for a period of two weeks following interception of 
the hanging wall fracture by mine workings (Figure 62 and p.154). However, it is unclear why this 
scenario is run for only a two week period. There is no explanation of how interception of the 
hanging wall fracture would be remedied, and how realistic it is that this is fully remedied within a 
two week period. Without this explanation, is difficult argue that the model is truly simulating the 
“worst case” scenario. 

The model simulates MAR using eight wells, with a simulated combined injection rate equal to the 
total mine inflows. Thirty percent of inflows are injected into one well, with the remainder evenly 
divided amongst the other seven wells. Whether or not these injection rates can be sustained has 
not yet been determined. Well loss coefficients used by the model are not specified. (Well loss 
coefficients describe the resistance to flow associated with the well itself. Their values will initially 
depend on well construction techniques, but the resistance can increase over time due to clogging of 
well screens by fine material and microbial activity.) Model simulations show that artesian 
conditions develop around one of the wells. Whether this causes problems will depend upon vertical 
connectivity of aquifer layers, which is currently not well known at the site. It is possible that a larger 
number of injection bores will be required. 

The model shows a reduction in baseflow to Inverbrackie Creek of approximately 150 ML/y by year 5 
– 6 with no mitigating activities (Figure F35). However, the seasonality of the reduction in baseflow 
and its implications for creek flows are not directly discussed. Springs not associated with 
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Inverbrackie Creek and other groundwater-dependent ecosystems (including terrestrial vegetation) 
occur within the catchment (p.98 and Figure 34), but possible impacts on them are not discussed.  

The risk of saline groundwater intrusion from areas east of the mine site was assessed through 
solute transport modelling on the basis of the developed flow model. AGT (2017) states, that 
“hydraulic models for the 70% grouting and 70% grouting with MAR scenarios formed the basis for 
the salt transport models” (p.149). Based on the solute transport predictions, a “very minor 
movement of the saline interface, even where no mitigation is applied (grouting or MAR)” is 
predicted, “owing to the short mining life” (p.149). It remains unclear, which hydraulic conditions 
were assumed for this assessment, as the above statement (which refers explicitly to “no 
mitigation”) contradicts the explanation that the “hydraulic models for the 70% grouting and 70% 
grouting with MAR scenarios formed the basis for the salt transport models”. 

In terms of acid and metalliferous drainage, AGT (2017) concludes that “the supergene zone is held 
within healed fractures or had formed as growths locked up in a clay aquitard. If this zone were to 
dry out it would oxidise, however modelling shows only minor depressurisation in this area which will 
not cause the aquitard containing the supergene layer to oxidise” (p.ix). It should be noted, however, 
that the supergene zone is “just beneath the water table” (p.100) and as such relatively small 
declines in the water table may allow exposure of the material to oxygen. In addition, AMD may 
occur beyond the supergene zone due to dewatering of the Tapley Hill Formation. Pyritic material is 
evident from the investigation by Tonkin (2016) outside of the supergene layer within parts of the 
Tapley Hill Formation, albeit at low concentrations at the mine site. However, “regionally the Tapley 
Hill Formation can be rich in pyrite…” (Tonkin 2016) and therefore some generation of acid mine 
drainage should be anticipated during the operation of the mine. Treatment of the mine-derived 
seepage is necessary before injection into the ground as part of the proposed MAR operations. 
However, no information is available on the kind of treatment proposed. This should be clarified, in 
order to ensure that i) treated mine-derived water will not deteriorate the local groundwater and 
that ii)  no adverse geochemical reactions ensure when mixing between treated mine water and 
ambient groundwater occurs during MAR.  

The latter is crucial for the operation of a successful MAR scheme over the duration of the mine life 
in regards to potential physical clogging of injection bores, when treated aerated mine water is 
reinjected into anoxic groundwaters. While no data is available on redox potential and dissolved 
oxygen concentrations in groundwaters from the Tapley Hill Formation or Brighton Limestone within 
AGT (2017), elevated dissolved iron, manganese and ammonia concentrations and the absence of 
appreciable concentrations of nitrate in many bores in the vicinity of the Bird-in-Hand site are 
indicative of reducing conditions. As such, the potential for clogging of bores during injection of 
aerated treated mine water through e.g. precipitation of iron oxides should be investigated as part 
of the feasibility study of managed aquifer recharge at the site. 
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SENSITIVITY AND UNCERTAINTY ANALYSIS 

A sensitivity analysis is used to determine which model output parameters are sensitive to model 
input parameters, and which are not. It thus assesses which model parameters are important and 
which are not important. An uncertainty analysis broader that this, and is designed to quantify the 
possible range of behaviours that may occur in the system and to establish how likely they are to 
occur (probability). Ideally, the uncertainty analysis would capture natural variability, both in space 
and time. An uncertainty analysis includes model conceptualisation and processes (often termed 
‘structural uncertainty’) and the parameterisation of those processes (parametric or parameter 
uncertainty). Uncertainty analysis is usually presented in terms of likelihoods or probabilities of 
certain impacts occurring (or not occurring). Although a sensitivity analysis can provide some 
indication of the uncertainty of the model outputs due to uncertainty in model input parameters, it 
only does this if the model parameters are varied over realistic ranges. 

The Terramin groundwater model contains some limited sensitivity analysis, but no uncertainty 
analysis. The model sensitivity analysis has included analysis of the effect of doubling the hydraulic 
conductivity of the Tapley Hill Formation. This analysis shows a significant increase in mine inflows. 
Drawdown contours (Figures F52, F53 and F54) show some increase in size of the drawdown cone, 
but the expansion of the drawdown cone appears to be limited by the size of the modelling domain. 
Model results cannot be trusted once this occurs. It appears that the expansion of the drawdown 
cone would have been greater than these model simulations show had it not been artificially limited 
by the model extent. Moreover, due to the general uncertainty on hydraulic parameters in fractured 
rock environments, a doubling of hydraulic conductivity greatly under-represents the true 
uncertainty of this parameter. It therefore seems doubtful that the model has explored a realistic 
range for model parameters that reflect natural variability and hence uncertainty at appropriate 
representative scales. 

The sensitivity analysis also explored a doubling of the transmissivity of the hanging wall fracture. 
This was described as a “conservative worst-case scenario” (Appendix F p.17). In view of the high 
spatial variability and general uncertainty of hydraulic properties in fractured rocks, it is highly 
unlikely that this is the worst case. Any assumed upper bound for the transmissivity of the hanging 
wall fracture needs to be justified with data and references. The sensitivity analysis did not examine 
realistic parameter ranges for hydraulic properties of any of the layers. 

Sensitivity analysis also shows relatively small changes in mine inflow rates with an order-of-
magnitude change in storage parameters for the Tapley Hill Formation (Figure F50), although no 
information is presented for sensitivity to storage parameters of other geological units. Changing 
parameter values over only a portion of the model domain (i.e., within a single geological unit) 
under-represents the true sensitivity of the model to this parameter. It would have been much more 
instructive to examine the sensitivity of the model to varying the storage coefficient by an order-of-
magnitude across the entire model domain. This does not appear to have been done. The report also 
does not provide any information to suggest that an order-of-magnitude variation in storage 
coefficient accurately reflects the true range in this parameter. 
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We also believe that the sensitivity analysis is severely limited by the one-at-a-time approach to 
variation in hydraulic parameters. What are the implications for the model results if more than one 
parameter is in error?  

Sensitivity analysis does not explore the impacts of anisotropy of hydraulic conductivity in the 
horizontal plane. The model should also have explored the location and type of boundary conditions 
as part of the sensitivity analysis. Uncertainties associated with the solute transport model will arise 
from uncertainty in the underlying flow model (due to errors in hydraulic conductivity and storage 
coefficient or conceptualisation errors), but will be compounded by potential errors in additional 
parameters related to solute (salinity) modelling. It would therefore also be advisable to add the 
parameters that are important for the solute transport modelling (particularly porosity and 
dispersivity) to the sensitivity analysis. This would provide an indication of the range of potential 
salinity migration scenarios under a range of realistic porosities and initial salinity distributions. 

 

MODEL CONFIDENCE 

There are a very large number of limitations with the groundwater model, including uncertainty in 
recharge, uncertainty concerning the possible influence of anisotropy in hydraulic properties on 
pumping test results, lack of anisotropy in the predictive model, influence of boundary conditions on 
model results, and generally poor model calibration. Only very limited sensitivity analysis has been 
carried out, using unrealistically small parameter ranges. The effect of model assumptions on 
simulation results are therefore largely unknown. The sensitivity analysis does not “pressure-test” 
the model, and so the reliability of the model is also unknown. This limits confidence in model 
predictions.  

Furthermore, model results depend very heavily on the grouting and managed aquifer recharge 
scenarios, and their plausibility has not been demonstrated. Unforeseen events (such as mine 
workings intercepting the hanging wall fracture) do not appear to have been sufficiently examined. 

Due to these limitations, it is not possible to conclude that the model is fit for purpose, or that ‘worst 
case’ scenarios have been modelled.  
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Bird-in-Hand Gold Mine 
 

Review of Managed Aquifer Recharge Trials and Model Validation 
 

 
Background 
 
The Bird-in-Hand gold mine is located immediately adjacent to the Petaluma winery, near 
Woodside in the Adelaide Hills. Terramin is currently carrying out investigations with a view to 
re-opening this mine, which has not been operational for almost 80 years. Petaluma and a 
number of other landholders have concerns for the potential impact of the mine on the regional 
groundwater. Through law firm HWL Ebsworth, Accolade wines (who own Petaluma) asked the 
National Centre for Groundwater Research and Training (NCGRT) to review the groundwater 
characterisation and modelling results that were available through the Terramin website as of 31 
October 2018. This report was completed in February 2019. The planned mining operations 
include groundwater pumping to reduce groundwater levels in the immediate vicinity of the 
mine, and re-injection of the water through a number of bores located further from the mine 
(termed managed aquifer recharge). Two reports describing managed aquifer recharge trials, 
and associated modelling were made available in June 2019. This report describes a review of 
this new material by NCGRT. 
 
Review 
 
The reports describe construction of two wells for managed aquifer recharge (MAR) testing and 
associated geophysical surveys and pumping tests (Report 1), and the results of the injection trial 
and associated groundwater modelling (Report 2). The two MAR wells were drilled 
approximately 900 m apart, with production intervals at 25 – 73 m depth (well BHRIB01) and 33 
– 151 m depth (well BHRIB02). Observation wells were also installed adjacent to each of these 
MAR wells.   
 
The first test involved injecting into BHRIB01 while pumping from well IB4 (6638-27445). The 
second test involved injecting into BHRIB02 while pumping from BHRIB01. Because of the 
distance between the pumping and injection wells in each case (625 m and 900 m), it was 
considered unlikely that there would be interaction between the pumping and injection wells.  
For BHRIB01, the injection rate was increased from 5, to 9, 11 and finally to 13 L/s. For BHRIB02, 
injection was initially at 7 L/s, but was progressively reduced to 5 and then 3 L/s, and finally 
injection was ceased to prevent water from discharging to the surface.  
 
Despite the large difference between the injection rates that could be sustained at the two sites, 
the injection rate achieved with BHRIB01 was around 13 L/sec, which is in the order of what was 
predicted via modelling to enter the mine under the 70% grouting scenario. (i.e. 24 L/sec are 
predicted to enter the mine assuming 70% effective grouting of mine declines and drives, 
dropping to 8L/sec with 90% effective grouting; AGT 2017 p.139).  Initial model simulations (AGT, 
2017) simulated injection into 8 MAR wells. The high injection rates achieved in BHRIB01 suggest 
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that MAR should be considered a generally feasible option at the site.  
 
The high injection rates which were achieved, also suggest, however, that aquifer permeabilities 
can be high and the question arises whether this indicates that higher than anticipated inflow 
rates into the mine are a genuine possibility and would have to be considered. In fact, BHRIB01, 
penetrating the Tapley Hill Formation resulted in airlift yields of about 50 L/sec, while BHRIB02, 
penetrating the Tarcowie Siltstone yielded around 30 – 40 L/sec (Figure 5 of AGT, 2017). This is of 
the same order of magnitude as a “significant fracture zone in the hanging wall, in the Tarcowie 
Siltstone. When intercepted by investigation wells, the fracture yielded up to 40 L/s. The fracture 
zone has transmissivity of 67 m2/day (geometric mean) and is the most significant mode of 
groundwater flow into the mine if intercepted by mine workings. The layout of the proposed mine 
has been designed to avoid the main water bearing structures to minimise groundwater inflows 
and groundwater impacts. Where development occurs near the water bearing structures, probe 
drilling and grouting ahead of development will be undertaken to control groundwater inflow.“ 
(AGT, 2017, p.iv). 
 
The question therefore arises, whether the intercepted fracture zone is not an isolated 
occurrence, as suggested in AGT (2017) but rather an expression of the generally high 
permeability of parts of the Tapley Hill Formation and Tarcowie Siltstone at the site. It is unclear, 
if the injection bores, which achieved high airlift yields penetrated distinct fractures, or if they 
are representative of the overall geological make-up of the formations. On page 8 of Report 2, it 
mentions that “the injection wells …. targeted geological structures within the Tapley Hill 
formation and Tarcowie Siltstone, as these are commonly characterised by a higher degree of 
secondary porosity and therefore higher hydraulic conductivities than the surrounding rock”. 
There is no further detail provided on the nature of these “geological features” and if these are 
distinct or wide-spread or where they are located. Overall, the injection tests (Report 2, Table 6, 
page 30) suggest generally high transmissivities for the Tapley Hill Formation and moderate 
transmissivities for the Tarcowie Siltstone (Report 2, Table 9). How this translates into the model 
is unclear, as Table 10 suggests model hydraulic conductivity values to be <0.2 m/d for the 
Tarcowie Siltstone and the Tapley Hill formation except for a “faulted area” with a hydraulic 
conductivity of 5m/d.  
 
There are also other questions related to the interpretation of MAR injection tests. Report 2 
notes that only observation wells that were located along-strike were used to analyse the 
injection test for BHRIB01 (Report 2, p.30). However, there is no clear explanation of why other 
wells were not also considered. It is possible that errors in derived hydraulic properties of 
formations will be created if only a subset of wells is used for the analysis. Based on 
interpretation of the tests, the report concludes that bore BHRIB02 is not in direct connection 
with the mine area (p.35). However, due to the relatively short duration of the injection testing, 
this cannot be conclusively determined. Interpretation of water quality changes during the MAR 
trials has not been undertaken. 
 
Ultimately, the groundwater model is the tool that will be used to predict the impacts of 
groundwater extraction and MAR. However, it is unclear what changes were made to the 
groundwater model as a result of the injection trials. Changes were made to horizontal hydraulic 
conductivity, but Figure 18 and Table 10 are not detailed enough to understand what has been 
changed and where. The documents describe a clay aquitard near the mine decline, and notes 
that the properties of this aquitard were “refined during the transient calibration process” (p.44). 



 

 

However, the nature of this aquitard, how it has been mapped, and how its properties were 
refined has not been clearly described. Also, have vertical hydraulic conductivity values changed 
as a result of the differences in horizontal hydraulic conductivity values? Anisotropy needs to be 
more carefully considered, as it can be crucial to the success of the planned injection. Yet, it is 
not clear that there were sufficient observation wells to fully characterize it.  
 
We observe that the model refinement produced worse a steady state model calibration (i.e., the 
calibration to heads prior to mine operations), but this is not mentioned in the reports. 
Furthermore, the newly calibrated model greatly under-predicts water level changes (relative to 
measured changes) at some bores and over-predicts water level changes at other bores. In 
particular, simulated drawdown at BH36 is less than one third of that observed (approximately 2 
m versus 8 m after 10 days). Groundwater rise is under-predicted at 6628-9156, a bore close to 
the boundary of the mine site. No map is presented showing areas of over-prediction and under-
prediction, and the implications of the poor model fits for the reliability of predictions is not 
discussed. No quantitative measure is presented of the goodness-of-fit of the model to the MAR 
tests (e.g., RMSE). 

Overall, given the moderate to high transmissivities obtained during the MAR trials, it appears 
questionable, if “worst case” inflow scenarios into the mine are being explored with the current 
set of model parameters.  
 
Both reports contain plenty of grammatical/spelling errors, and other inconsistencies. These 
further undermine our confidence in the reports themselves. To illustrate these deficiencies and 
inconsistencies, some of the more important of these include:  
 
Report 1:  
 

• p. 14: figures of pH and penetration rate with depth are missing.  
• Appendix D: plots of water chemistry are the same for BHRIB01 and BHRIB02 for the 

constant draw down test. The data must have been mixed up. 

 
Report 2: 

• Information on water level rises in VW piezometers differs between Table 5 and the text 
on page 23: Data for VWP 57 and VWP 74 appears to be mixed up. 

• Table numbers in the text are incorrect throughout (e.g. p 30, 4th paragraph). 
• Appendix E: The y axis spans 60 to 80m in plots, while differences in water level over time 

in some cases are less than 10 metres. It is difficult to evaluate these plots given the scale 
of the y axis.  

 
Conclusions 
 
Our earlier report identified a large number of limitations with the groundwater model. These 
included uncertainty concerning the possible influence of anisotropy in hydraulic properties on 
pumping test results, lack of anisotropy in the predictive model, and inadequate model 
calibration. While the new work shows that MAR may be a feasible option (due to the high 



 

 

injection rate at one of the two sites), it has raised additional concerns about the heterogeneity 
of the site, and the extent to which this heterogeneity is understood. Due to the geological 
complexity of the site, we believe that greater site characterization is required than has been 
carried out to date. This should include the use of surface geophysical techniques to better 
characterize geological structures. The poor fits between the model simulations of the MAR trial 
and the observation data apparent at a number of sites are most likely a result of incorrect 
description of aquifer properties in the model. This raises concerns about the confidence of 
model predictions.  Currently, the assumed worst-case is the 70% grouting scenario  - which may 
be optimistic, given the large air lift yields achieved during drilling. Given the uncertainties in the 
model and the underlying difficulties in characterising the fractured rock aquifer, it would be 
advisable to evaluate a more conservative worst case scenario to cover potential larger mine 
inflows and therefore MAR injection volumes. 
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Bird-in-Hand Gold Mine 
 

Review of New Terramin Documents and Comments on Grouting Report 
 

 
Background 
 
The Bird-in-Hand gold mine is located immediately adjacent to the Petaluma winery, near 
Woodside in the Adelaide Hills. Terramin is currently carrying out investigations with a view to 
re-opening this mine, which has not been operational for almost 80 years. Petaluma and a 
number of other landholders have concerns for the potential impact of the mine on the regional 
groundwater. Through law firm HWL Ebsworth, Accolade wines (who own Petaluma) asked the 
National Centre for Groundwater Research and Training (NCGRT) to review the groundwater 
characterisation and modelling results that were available through the Terramin website as of 31 
October 2018. This report was completed in February 2019. A subsequent review of managed 
aquifer recharge (MAR) trials and modelling was undertaken by NCGRT in June 2019. The ability 
to grout mine drives is key to the predictions of impact of the mining operations, and so HWL 
Ebsworth lawyers contracted Prof Saydam (UNSW) to undertake a review of mine grouting. The 
current report provides some comments on the mine grouting review in the context of the Bird-
in-Hand mine and examines new documents on the Terramin website as of 8 September 2019. 
 
 
Comments on Grouting Efficiency 
 
The groundwater modelling shows impacts of mine development with grouting to reduce mine 
inflows by 70% to 90%. The simulation of 70 – 90% reduction in inflow was achieved by “reducing 
the conductance of the drain cells through trial-and-error” (AGT 2017, p.131). It was not 
achieved by reducing the hydraulic conductivity of the aquifer materials. Furthermore, the 
reports do not contain any information on the magnitude of the reduction in hydraulic 
conductivity of aquifer materials that is necessary to reduce mine inflows by 70% or 90%. The 
required reduction in hydraulic conductivity will be much greater than 70% or 90% (respectively), 
because grouting is only able to reduce the hydraulic conductivity of a thin layer of the mine wall. 
 
The Saydam report includes a table (Table 1, Paragraph 8) for determining the degree of 
difficulty of sealing aquifer materials with grout. The table was extracted from Stille (2012) and is 
based on experiences from different grouting projects. The principle embodied in the table is 
that for highly conductive units, a small reduction in conductivity is not difficult to achieve. This is 
because grout readily penetrates into highly conductive zones. However, even a small reduction 
in hydraulic conductivity can be difficult to achieve in low conductivity units, partly because of 
the difficulty of getting grout penetration. According to the table, the difficulty of the grouting is 
determined by the required sealing efficiency and the required hydraulic conductivity. The 
required sealing efficiency is given by 
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where 𝐾𝐾𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 is the hydraulic conductivity of the grouted zone and 𝐾𝐾𝑎𝑎𝑎𝑎𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎𝑔𝑔 is the original 
hydraulic conductivity of this zone. Thus a 90% sealing efficiency means that the hydraulic 
conductivity is reduced to 10% of its initial value. Importantly, the sealing efficiency refers to the 
reduction in hydraulic conductivity, and NOT the reduction in groundwater inflow. The aquifer 
materials that will be intercepted by the mine are the Brighton Limestone and Tapley Hill 
Formation (AGT 2017, p.30). The hydraulic conductivities of these units are estimated to be 
0.001 – 0.15 m/day (approximately 10-8 to 10-6 m/s) and 0.02 – 0.06 m/day (approximately 10-7 
to 10-6 m/s), respectively (AGT 2017, p.102). The required hydraulic conductivities following 
grouting are therefore LOWER than 10-9 – 10-7 m/s for Brighton Limestone and LOWER than 10-8 
– 10-7 for the Tapley Hill Formation. Reduction of groundwater inflow by 90% requires a sealing 
efficiency of much greater than 90%. Based on the table in the Stille (2012) report, this 
constitutes difficult grouting or very difficult grouting. 
 
It is possible that reduction in groundwater inflows can be achieved by grouting the highest 
permeability zones, but the reports do not contain sufficient information on spatial variations in 
hydraulic conductivity. As explained in the Stille (2012) report, the distribution of fracture 
apertures is very important to the planning and ultimate success of grouting operations. There is 
no information on fracture apertures in any of the Terramin documents. 
 
 
Other Documents 
 
On September 8, I examined a number of documents on the Terramin website, including Chapter 
10 (Groundwater), Chapter 11 (Surface Water), Chapter 13 (Geochemistry and Geohazards), and 
Appendices H1 (Groundwater Assessment), Appendix H2 (Groundwater Assessment Peer Review 
1), H3 (Groundwater Assessment Peer Review 2), H5 (Grouting Proposal Peer Review), H7 (Draft 
Groundwater TARP), H8 (MAR Stage 1 and 2 Report), H9 (MAR Investigation Report) and H10 
(MAR Investigation Peer Review) of the Mining Lease Application. 
 
Appendix H3 (Groundwater Assessment Peer Review 2) is a letter from IGS to Terramin, and refers 
to another letter dated 3 August 2017 containing some “requested information on the sensitivity 
of the model outcomes to the high recharge zone implemented to the southeast of the mine”. I 
have not been able to locate this letter in any of the documents on the website. 

The other documents do not contain any material that alters the conclusions of our earlier reviews. 
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EXECUTIVE SUMMARY 

This review has been completed using the reports provided by Terramin supporting the Bird in Hand 

Gold Project Mining Lease Application MC-4473 and provided to the Inverbrackie Creek Catchment 

Group. This review considers the information presented in the supporting documentation with specific 

reference to the option of Managed Aquifer Recharge as a water management strategy against the 

Principles set out in the Water Allocation Plan for the Western Mount Lofty Ranges and the 

Environment Protection (Water Quality) Policy 2015, which are the main legislative instruments 

governing Managed Aquifer Recharge operations in South Australia. 

There is widespread concern from the community that the water management option proposed for the 

mine, if poorly implemented and operated, will have significant detrimental impacts on the quality and 

quantity of the available groundwater thus threatening the long-term economic viability of business 

activities that rely on the groundwater. The nearest groundwater user is some 600 m from the 

proposed mine operations but impacts on water quality and quantity could extend for several 

kilometres beyond the mine lease area.  

The Bird in Hand Gold Project Mining Lease Application MC-4473 identifies that water from mine 

inflows and mine affected runoff will be treated, mixed with groundwater and/or mains water to 

account for losses and then recharged via wells back into the fractured rock aquifer.  

Fractured rock aquifer systems are extremely complex, often compartmentalised and flow occurs 

preferentially along fractures. These attributes make it very difficult to reliably predict the subsurface 

movement and likely drawdowns / injection pressures that will be generated using groundwater 

numerical models. Groundwater numerical models are a mathematical approximation of the natural 

subsurface system and require various assumptions to be imposed in order to mathematical represent 

the complex natural system. Unfortunately, across industry there is an over reliance on the results of 

numerical modelling to provide definitive answers. Recent court cases in New South Wales have 

demonstrated that even though models have used the best available information and meet the 

Australian Modelling Guideline criteria (Barnett 2012) they should not be relied upon implicitly as they 

are only a predictive tool.    

The approach to this review has been to determine if the reported investigations adequately 

demonstrate that all risks associated with the proposed option of using Managed Aquifer Recharge to 

mitigate the mining impacts on the local groundwater resource have been identified and the 

management contingencies proposed are suitable. 

The Terramin (2019) documentation identifies that grouting to prevent water ingress to the mine 

workings will be 90% effective but identifies that a credible worst-case scenario is that grouting will 

only reduce mine inflows of water by 70%. Groundwater numerical modelling and the water treatment 

aspects all consider the credible worst-case scenario that grouting is only 70% effective. Additionally, 

the reports identify that in an extreme event (considered by Terramin to be a low probability) a sudden 

inrush of water to the workings could exceed rates of 60 L/s. As Terramin consider this to be an 

extreme case with low probability there have been no management or mitigation measures identified 

in the Trigger Action Response Plan. Whilst the probability of such an event occurring is most likely 
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low such an inrush of water is likely to present significant risk to operations and water management 

options. This risk has not been addressed throughout the supporting documentation and the surface 

balancing storage proposed is too small to hold such a significant inrush of water should it occur. 

The National Water Quality Management Strategy Australian Guidelines for Water Recycling: 

Managing Health and Environmental Risks (Phase 1) use a risk-based approach to evaluate the 

robustness of Managed Aquifer Recharge and the required supporting investigations. Applying risk 

principles to this assessment the identified credible worst-case scenario of 70% grout effectiveness 

and the associated volumes of water that will require management has been adopted.  

After reviewing the supplied documentation, it is considered that several of the conclusions are 

incorrect regarding the suitability of the target aquifers for managed Aquifer Recharge. Additionally, 

the level of investigation and analysis of the data does not adequately identify all potential risks 

associated with the managed aquifer recharge option nor are there adequate management options 

identified in the Trigger Action Response Plan.  

Critical water quality parameters (natural organic matter, total organic carbon, dissolved oxygen, redox 

potential and microbiological indicators) that would inform the geochemical reactions that would take 

place when oxygenated water from the surface storage pond and treatment process have not been 

collected before, during or after the trial. Best practice when evaluating the suitability of an aquifer 

system for managed aquifer recharge and identifying a treatment train should include detailed analysis 

of the source and receiving water quality. Hydrogeochemical modelling should be carried out to test 

for geochemical reactions between the source and receiving water and the aquifer matrix to ensure 

that the receiving groundwater is not adversely impacted.  

Whilst the source water is notionally groundwater, the mixing at the surface with other source waters 

and oxygenation through the ponds plus the proposed ion exchange treatment process means that the 

water to be injected is no longer in equilibrium. It is considerably altered and oxygenated which is a 

trigger for geochemical reactions.  

The water chemistry data that was collected has not been evaluated. There is no reason given as to 

why this fundamental evaluation to assess the risk of geochemical reactions during reinjection was not 

carried out. This is particularly important to qualify the risk associated with geochemical reactions in 

the presence of acid forming minerals.  

Management measures identified in the supplied reports identifying possible strategies for remediation 

should clogging occur are effectively a “shopping list” of the various techniques presented in the 

literature on Managed Aquifer Recharge. Each site is unique and the approaches to managing issues 

such as clogging require specific methods that align with the well design, treatment train, water quality 

and the target aquifer.  

Without a clearly defined management option to remediate the injection wells specifically related to 

their construction, water quality or clogging cause (geochemical, microbiological) would result in the 

wells being out of action for several weeks whilst the appropriate methods of remediation are worked 

through. There is no reference concerning how produced water would be managed during a period 

where the managed aquifer recharge wells were out of commission.  

The treatment train includes ponding at the surface and mixing with other water sources including 

chlorinated mains water. Ponding will change the redox state of the water, provides a pathway for 

contamination by pathogens and mixing with chlorinate mains water introduces disinfection byproducts 

into the aquifer. There is no proposed recovery of the water by the Bird in Hand operation which 

means any contaminants will cumulatively concentrate in the aquifer. 
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Because the assessment of the water quality and risks has not been adequately completed, the 

proposed treatment train to achieve the required water quality is deficient. It does not provide 

treatment for introduced pathogens and the ion exchange process proposed to reduce salinity, 

increases the risk of adverse geochemical reactions that threaten the water quality in the aquifer; 

namely, reactions with the potentially acid forming minerals identified in the aquifer that produce 

arsenic.  

The presence of pyrite in the rock matrix increases the risk of producing arsenic due to geochemical 

reactions when the oxygenated surface water, that is not in chemical equilibrium due to mixing and 

treatment processes, comes into contact with the ambient groundwater. Under Principle 151 a permit 

to drain or discharge water into a well must not be granted if the draining or discharging of water would 

have the potential to degrade underground water-dependent ecosystems or to reduce the suitability of 

the underground water for other purposes for which it might reasonably be used. 

The target criteria set for reducing suspended solids allows for up to 4 kg/day of sediment to be 

introduced into the injection well. Such excessive volumes of sediment would result in clogging and 

lost well efficiency in a matter of days.  

Further deficiencies in the documentation include failure to complete a detailed risk assessment for 

the managed aquifer recharge option as set out under Principle 146 of the WAP. 

An effective operation and management plan demonstrating that operational procedures are in place 

to protect the integrity and quality of the groundwater in the target aquifer on an ongoing basis 

(Principle 147(g) of the WAP) has not been prepared.  

The injection trial that targeted the Tarcowie Siltstone aquifer was terminated after 7,400 minutes 

because conditions in the adjacent private well were close to becoming artesian. The Principles in the 

water allocation plan identify that during Managed Aquifer Recharge operations conditions must 

remain sub-artesian. The reports identify the result to be a function of the aquifer being 

compartmentalised which resulted in the aquifer approaching artesian conditions.  

Importantly the trial results demonstrate that the Tarcowie Siltstone is compartmentalised which 

represents a high-risk that the system will quickly become artesian and is therefore this 

formation/aquifer is not suitable for the installation of a long-term sustainable managed aquifer 

recharge scheme. 

There are several references throughout the Terramin documentation that the Managed Aquifer 

Recharge option has been peer reviewed. This is not strictly correct as Innovative Groundwater 

Solutions (IGS) reviewed the updated groundwater numerical model that incorporated the Managed 

Aquifer Recharge option. IGS did not review or comment on the results of the trials, water chemistry, 

treatment process, aquifer mineralogy, or the aquifer hydraulic responses during testing. These are all 

fundamental elements that need to be reviewed to determine if the risks and viability of a managed 

aquifer recharge system have been adequately identified, and the appropriate management strategies 

are in place to protect the resource as set out under the legislation.  

Numerical modelling of the Managed Aquifer Recharge option involved placing wells in a radial pattern 

around the mine as reported in AGT (2017). The subsequent updated report (Golder, 2019) adopts 

this conceptual well spacing. Four of the wells were located to target the fracture zone encountered in 

the Tapley Hill Formation while locations for the other wells appear to have been arbitrarily placed with 

little regard to fracture orientation, compartmentalisation of the aquifer or spacing to avoid potential 

cumulative hydraulic impacts associated with multiple recharge wells.  
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As these elements appear to have been ignored and the wells placed “conceptually” in a radial pattern 

around the mine the validity of the numerical model to predict the actual impacts associated with the 

Managed Aquifer Recharge option is in doubt.  

Solute transport modelling (AGT 2017) was completed to assess the risk of mine inflows drawing in 

the surrounding saline groundwater however no solute transport modelling was undertaken to identify 

the extent of the injection envelope. Flow moves preferentially through the fractures and in the event 

of a contaminant entering the aquifer via injection operations it is critical to understand what risk this 

may present to the nearest users.  

The injection trial showed hydraulic influences on nearby users wells of up to nine metres. This clearly 

identifies a level of hydraulic connection between the injection well and the nearest users’ wells. 

Simulations that predict the movement of the injection envelop should have been undertaken 

especially because no recovery is planned from the injection wells for the life of the mine.  Not 

evaluating the extent of the injection envelope during the life of the injection operations presents a 

high degree of uncertainty concerning the impacts to water quality and impacts users.  

The aquifer system is identified to be compartmentalised therefore the claimed benefits from managed 

aquifer recharge at this location are not valid. As a result of the compartmentalisation:  

• Existing users will have no access to the recharged water. 
• Reinjection will not result in lateral spreading of the recharged water because flow will occur 

preferentially along the fractures. For the water to spread laterally the pore throat entry 
pressure of the aquifer matrix rock need to be overcome and the pressure required to do this 
in a metasediment, such as the Tapley Hill Formation, would be considerable and most 
likely exceed the safe operating pressure presented in Golder (2019). 

• The potential for MAR to support discharge to environmental receptors such as the spring 
and creek is limited. 

• Overpressurisation of the aquifer compartments due to the MAR recharge may be the trigger 
that causes an unexpected inrush into the workings.  

• Overpressurisation of the aquifer compartments due to the MAR recharge has the potential 

to significantly reduce the grouting effectiveness. 

The Groundwater Trigger Action Response Plan as presented does not adequately address all the 

potential risks, nor does it set out management triggers to address clogging or geochemical reactions 

such as elevated arsenic or management associated with artesian conditions resulting from the 

managed aquifer recharge. There is no clear strategy or alternative management option for the 

produced water if the Managed Aquifer Recharge option does not meet expectations or breaches the 

criteria set out in the water allocation plan.  

There is no apparent appreciation that remediation of a clogged injection well could potentially take 

several weeks to resolve. There are no identified management options to manage the water pumped 

from the mine if the managed Aquifer recharge operations are compromised. 

Significant risks to water quality and existing users have not been adequately identified in the work 

that has been undertaken concerning the option to adopt managed aquifer recharge as a water 

management strategy for the proposed Bird in Hand gold prospect. Furthermore, mitigation and 

management measures have not been adequately identified to offset or reduce the risks. Therefore, 

because of the significant gaps in the assessment completed to date it is considered that managed 

aquifer recharge remains a high-risk water management option at this location.  
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1 INTRODUCTION 

1.1 BACKGROUND 

The Inverbrackie Creek Catchment Group (ICCG) engaged Wallbridge Gilbert Aztec (WGA) to 

complete an external third-party review of the water management strategy for the proposed Bird in 

Hand mine operation located near the township of Woodside in the Adelaide Hills. The water 

management strategy identified in the Bird in Hand Gold Project Mining Lease Proposal (Terramin 

2019) identifies Managed Aquifer Recharge (MAR) as a key aspect of the proposed mine operations 

to ensure the protection of environmental values of the groundwater and to meet the intent of the 

Western Mount Lofty Ranges (WMLR) Water Allocation Plan (WAP).   

The Department for Environment and Water (2018) defines Managed Aquifer Recharge as: the 

intentional recharge of water to suitable aquifers for subsequent recovery or to benefit the 

environment. (protection of groundwater dependent ecosystems (GDE’s)). It is noted that there is no 

recovery associated with the MAR operation at the proposed Bird in Hand Gold Prospect.  

The hydrogeological setting typically determines which of the different MAR methods is the most 

appropriate to deliver the project outcomes. For the Bird in Hand proposed mine, recharge via wells 

has been proposed as the MAR method.   

The proposed Bird in Hand (BIH) mine is located within close proximity to businesses that have a high 

reliance on the available groundwater resource in terms of quality and quantity. These businesses 

continue to play an important role in South Australia’s tourism, agricultural and food and wine 

industries delivering $170 million gross state profit p.a. and providing employment for more than 850 

people (Econsearch, 2017). Comparatively, beyond the initial start-up phase the mine proposes work 

for 40 people over five years.  

There is widespread concern from the community that the water management option involving MAR, if 

poorly implemented and operated, will have significant deleterious effects on the quality and quantity 

of the available groundwater and therefore threatens the long-term economic viability of business 

activities that rely on the groundwater. 

There are three main considerations that need to be addressed as part of any MAR feasibility study 

which include:  

1. Characterisation of the source and receiving water chemistry. 

2. Characterisation of the aquifer matrix (e.g. mineralogy, rock properties, subsurface 

boundaries).  

3. Establishment of the aquifer hydraulic properties (i.e. response to pumping and injection, 

yields, rates and pressures). 
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This review has been carried out with an emphasis on the above considerations and how the results of 

the investigations reported in Terramin (2019), and supporting documentation, align with the current 

legislative framework for MAR in South Australia.   

1.2 OBJECTIVES AND SERVICE SCOPE 

The objective of WGA’s engagement is to provide an independent review of the available information 

and identification of potential risks that have not been adequately addressed associated with the 

option of using MAR to mitigate the impacts to the groundwater system associated with proposed BIH 

mine operations.  

The scope of services has included:  

• A desktop review of the available documentation used to assess the option of MAR as a 

mitigation strategy for managing the proposed BIH mine operations on the groundwater 

resources of the Inverbrackie sub-catchment.  

• Identification and documentation of potential risks associated with the option of applying 

MAR as a management tool that have not been adequately addressed or there are 

potentially fatal flaws in the conclusions drawn from the studies carried out.  

• Preparation of a report outlining the findings of the review and identification of potential 

risks associated with the proposed MAR strategy.  
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2 REVIEW OF INVESTIGATIONS 

2.1 DOCUMENTS REVIEWED  

The following documents provided by Terramin Australia to the ICCG have been reviewed to support 

the findings presented herein: 

• Bird in Hand Gold Project Executive Summary – Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 10 Groundwater – 

Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 11 Surface Water – 

Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 13 Geochemistry and 

Geohazards – Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H1 Groundwater 

Assessment Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H2 and H3 

Groundwater Assessment Peer Review 1 and 2 Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H4 Grouting Proposal 

- Multigrout Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H4 Grouting Proposal 

Peer Review Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H7 Draft Groundwater 

TARP Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H8 MAR Stage 1 and 

2 Report Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H9 MAR Investigation 

Report Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H10 MAR 

Investigation Report Peer Review Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H11 Groundwater 

Baseline Data 2014 2018 update Report Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix J1 Water Treatment 

Proposal and Addendum 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix J2 Water Treatment 

Peer Review 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix M1 Geotechnical 

Assessment Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix M2 Acid and 

Metalliferous Drainage Assessment, Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix Q3 Stygofauna Field 

Study Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix Q4 2018 Stygofauna 

Study 2019. 
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2.2 APPLICABLE LEGISLATION FOR MAR ACTIVITIES IN SOUTH 
AUSTRALIA 

It is important that any MAR proposal refer to the relevant state legislative framework and national 

guidelines which set out the requirements for the investigations and documentation required to support 

a MAR scheme and associated licences.  

The legislative framework for MAR in South Australia crosses multiple Acts which are administered by 

various State Government agencies. If the MAR activity is likely to impact an environmental habitat of 

national significance the Environment Protection Biodiversity and Conservation Act, 1999 must be 

referred to. 

Additionally, the Australian Guidelines for Water Recycling: Managing Health and Environmental Risks 

Phase 1 (NWQMS, 2006) and the Stormwater Harvesting and Re-use and Managed Aquifer Recharge 

Phase 2 (NWQMS, 2009) provide the framework for the management of stormwater quality, use and 

aquifer recharge.  

The relevant state legislation is aimed at mitigating adverse environmental harm through managing:  

• the diversion and taking of water from within water courses or from groundwater;  
• the responsibilities regarding stormwater management;  
• the equitable share for all users including the environment;  
• impacts to the source and receiving environs.   

The main pieces of legislation governing MAR activity in South Australia are: 

• the Natural Resources Management Act, 2004 administered by Department for Environment 
and Water DEW; and 

• The Environment Protection Authority Act, 1993 administered by the SA Environment 
Protection Authority.  

This review has been completed with specific reference to the MAR principles set out in the Western 

Mount Lofty Ranges WAP and the requirements under the Environment Protection Act, 1993 and 

NRM Act, 2004.  

Under the Natural Resources Management (NRM) Act, 2004 all water taken for consumptive use are 

regulated. Under the NRM Act, 2004 rights in relation to the ability of a person to take and use water 

include: 

• Water licences and water access entitlements. 
• Stock and domestic right (where uses are not prescribed). 
• Permits and licencing of water affecting activities.  

In locations where the water resources have been prescribed the Water Allocation Plan (WAP) 

developed under the guidance of the regional Natural Resources Management Board (NRMB), in 

consultation with the community, sets out the governing principles for water resource management 

within the defined Prescribed Water Resources Area (PWRA).  

Water resources in the Inverbrackie sub-catchment lie within the Western Mount Lofty Ranges PWRA. 

Management of the resource and allocation criteria is set out in the Western Mount Lofty Ranges WAP 

which was adopted by the Minister on 17 September 2013. 

The Environment Protection Act, 1993, specifically the Environmental Protection (Water Quality) Policy 

2015, is the second key piece of legislation that governs MAR activities in SA. The WAP makes 

specific reference to the Environment Protection (Water Quality) Policy (EP(WQ)P), 2015 under 

Principle 145(a)(i).  
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The EP(WQ)P, 2015 provides the structure for regulation and management of water quality in South 

Australian inland surface waters, marine waters and groundwaters. The main objective of the Water 

Quality Policy is linked to the Environment Protection Act 1993: …….” to ensure that all reasonable 

and practicable measures are taken to protect, restore and enhance the quality of the environment 

while having regard to the principles of ecologically sustainable development.” 

Other legislation that a MAR system in South Australia must have regard for includes:  

• Work, Health and Safety Act, 2012.  
• Pollution of Waters by Oil and Noxious Substances Act, 1987.  
• Public and Environmental Health Act, 1987.  
• Soil Conservation and Landcare Act, 1989.  
• Native Vegetation Act, 1991.  
• Environment Protection Act, 1993.  
• Environment Protection (Water Quality) Policy, 2003.  
• Agricultural and Veterinary Chemicals Code Act, 1994.  
• Petroleum Products Regulation Act, 1995.  
• State Records Act, 1997.  
• Natural Resources Management Act, 2004.  
• Aboriginal Heritage Act, 1988.  
• Water Service Association of Australian Codes (WSAA).  
• Dangerous Substances Act, 1979.  
• Adelaide and Mount Lofty Ranges Natural Resources Management Board Natural Resources 

Management Plan. 

If there are high pressure gas lines or high voltage power lines, within the proposed area of an MAR 

site, the Gas and Electricity Acts may need to be consulted.  

The Acts are administered by various State Government agencies. Many of the agencies, in addition 

to providing a regulatory function in administration of the various Acts, can assist operators through 

the provision of specialist advice. The Government agencies include:  

• Department of Health (DOH).  

• Department of Environment and Heritage (DEH).  

• Environmental Protection Authority (EPA).  

• Department for Environment and Water (DEW).  

• Adelaide and Mount Lofty Ranges Natural Resources Management Board (AMLR NRMB).  

• The Stormwater Management Authority. 

2.3 ASSIGNED ENVIRONMENTAL VALUES 

Environmental values have been set in the EP(WQ)P, 2015 as set out in Table 1. The Environmental 

values (EVs) for underground waters set to a specific salinity threshold for designated beneficial uses 

of the water. For example, all underground waters that have a salinity reported as total dissolved 

solids (TDS) of less than 1,200 mg/L have a beneficial use for drinking water and the other four 

categories identified in Table 1. 
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Table 1:  Environmental values of waters EP(WQ)P, 2015 Principle 6 

Waters 
(1)  

Aquatic 
ecosystem 

(2) 
Recreation 

and 
aesthetics 

(3) 
Drinking 
water for 
human 

consumption 

(4) 
Primary 

industries— 
irrigation 

and general 
water uses 

(5) 
Primary 

industries— 
livestock 
drinking 

water 

(6) 
Primary 

industries— 
aquaculture 
and human 

consumption 
of aquatic 

foods 

Public stormwater 
systems 

X X     

Surface waters in a water 
protection area (within 
the meaning of section 61 
of the Act) 

X X X X X X 

Underground waters as follows 

a) underground waters 
with a background 
TDS level of less 
than 1,200 mg/L 

  X X X X 

b) underground waters 
with a background 
TDS level of 1,200 
mg/L or more, but 
less than 3 000 mg/L 

   X X X 

c) underground waters 
with a background 
TDS level of 3, 000 
mg/L or more, but 
less than 13,000 
mg/L 

    X X 

Source: Environment Protection (Water Quality) Policy 2015.  
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3 ADEQUACY ASSESSMENT 

3.1 GROUTING  

Considerable emphasis is placed on the grouting report and confidence that a 90% grouting 

effectiveness can be achieved to manage water ingress into the mine.  

Terramin (2019) identify that the credible worst-case scenario for the grout effectiveness is 70%. 

Groundwater numerical modelling reported in AGT (2017), Golder (2019) and the Water Treatment 

Options Study (GPA Engineering, 2017) all adopted the 70% grout effectiveness as a benchmark.   

Table 2:  Grout effectiveness and predicted mine water inflow rates.  

Year of operation 

70% effectiveness 90% effectiveness 

L/s ML/d L/s ML/d 

Year 1 4.1 L/s 0.35 1.4 L/s 0.12 

Year 4 13.4 L/s 1.2  4.5 L/s 0.39 

 

In keeping with the modelling and treatment studies this assessment uses the credible worst-case 

scenario i.e. that the grout will be 70% effective to evaluate the capacity for MAR to meet the water 

management requirements at the proposed Bird in Hand mine prospect.    

3.2 RECEIVING WATER QUALITY AND ASSIGNED ENVIRONMENTAL 
VALUES 

The electrical conductivity (EC) of the underground water in the Tarcowie Siltstone reported in 

Terramin Ch. 10 (Table 10-2 pp10-16 to 10-18) for multiple wells around the Bird in Hand Gold Project 

and in the hanging fault, ranges between 911 and 2,200 µS/cm (equivalent Total Dissolved Solids 

(TDS) 501 to 1,217 mg/L).   Specific values for well BHRIB02 for EC taken at different intervals show 

an increase in salinity with depth with EC reported to be 1,440 to 1,540 µS/cm (equivalent TDS 794 to 

850 mg/L).  

The TDS reported in Table 10-2 (Terramin 2019) has used a conversion factor from EC (reported in 

micro Siemens per centimetre) to TDS (reported in milligrams per litre) of 0.65. The conversion from 

EC (µS/cm) to TDS (mg/L) is a non-linear relationship. At an EC below 5,000 µS/cm the conversion 

factor is 0.55; at EC from 5,001 to 10,000 µS/cm the conversion factor is 0.57 and between 10,001 to 

20,000 µS/cm the conversion factor is 0.59. At an EC of 50,000 µS/cm the conversion factor from EC 

to TDS is 0.65.  
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The DEW website recommends converting from micro Siemens per centimetre to TDS the EC units 

should be multiplied by 0.55. The EPA website identifies that the conversions from EC to TDS ranges 

from 0.55 to 0.72.  

Golder (2019) report the EC for groundwater samples collected from 35 wells in the surrounding area. 

The wells are completed in different lithological formations (not necessarily different aquifers) and the 

average reported EC is 1,260 µS/cm (reported calculated TDS is 750 mg/L @ 180°C).  

Whilst it appears minor, using the incorrect conversion from EC units to TDS equivalent makes a 

considerable difference in assigning the environmental values for the aquifer under the EP(WQ)P 

(refer Table 3). Using the conversion recommended by DEW the EV for the Tarcowie Siltstone and the 

Tapley Hill Formation, the two identified target aquifers for MAR, are drinking water for human 

consumption. Using the conversion factor of 0.65 as applied by Terramin (Ch. 10, Table 10-2 (2019)) 

for the Tarcowie Siltstone results in a higher EV category being assigned for that aquifer (refer 

Table 3).   

Table 3:  Example illustrating the difference in TDS using different conversion values against the 
 assigned Environmental Value criteria  

Formation 
Electrical 

Conductivity 
(µS/cm) 

Conversion 
factor 0.65 [1]  

(µS/cm to TDS 
mg/L) 

EP(WQ)P 
Environmental 
value criteria 

using 
conversion 
factor 0.65 

Conversion 
factor 0.55 [2]  

(µS/cm to TDS 
mg/L) 

EP(WQ)P 
Environmental 
value criteria 

using 
conversion 
factor 0.55 

Tarcowie 
Siltstone 

(BHRIB02) 
2,220 
2,270 
2,370] 

1,440 
1,480 
1,540 

Primary 
industries— 
irrigation and 
general water 

uses 

1,221 
1,249 
1,304 

Primary 
industries— 
irrigation and 
general water 

uses 

Tarcowie 
Siltstone 

(Regional) 
1,200 – 2,200 744 – 1,430 

Drinking water 
for human 

consumption[3] 

660- 1,210 
Drinking water 

for human 
consumption 

Tapley Hill 
Formation 
(BHRIB01) 

1,370 
1,690 
1,630 

1,120 [4] (890) 
1,100 (1,100) 
1,060 (1,060) 

Drinking water 
for human 

consumption 

754 
930 
897 

Drinking water 
for human 

consumption 

Tapley Hill 
Formation 
(Regional) 

600-2,690 
390-1,749 

(363-1,480) [5] 

Drinking water 
for human 

consumption 
330 – 1,480 

Drinking water 
for human 

consumption 

Source:   Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 10 Groundwater table 

 10-2  – Terramin 2019 

Notes:  [1] conversion factor EC to TDS used in Terramin report Ch.10 (2019) 0.65 

 [2] conversion factor EC to TDS recommended by DEW 0.55 

 [3] the EV assigned should be based on the regional values not a single value from the 

 pumped well  

 [4] value reported in Terramin report Ch.10 (2019) uses 0.88 

 [5] values reported in Terramin report Ch.10 (2019) use 0.55 and 0.6 conversion.  

 



13 WGA Bird in Hand Proposed Mine Managed Aquifer Recharge Review Project No. WGA 191368 

Doc No.  
Rev. B 

Using the conversion factor for EC to TDS recommended by DEW (0.55) the EV for the Tarcowie 

Siltstone in BHRIB02 just exceeds the EV criteria of 1,200 mg/L. However, regionally sampling of 

multiple wells (Terramin Ch. 10, 2019) identify that regionally the groundwater in the Tarcowie 

Siltstone is typically less than 1,200 mg/L and therefore the assigned EV should be drinking water for 

Human consumption. 

The assignment of the EV has significant implications for a MAR system because it defines the quality 

that the injected water must meet prior to recharge into the aquifer.  

The EV for both the Tarcowie Siltstone and the Tapley Hill Formation should be drinking 
water for human consumption. Therefore, the water quality prior to reinjection must meet 
drinking water quality.  

If the source water exceeds the EV of the receiving environment pre-treatment is required to ensure 

the source water meets the required criteria. Ongoing monitoring and reporting against the licence 

conditions is required and needs to be factored in as part of the operation and maintenance of the 

system.  

Further discussion on the proposed treatment and the water quality required to meet the EV for 

reinjection into a potable aquifer is contained in section 3.4. 

3.2.1 Source and Receiving Water Chemistry  

A large effort went into collection of groundwater samples during the trial but Golder (2019) explicitly 

state (pg. 36) “that interpretation of recharge water and receiving aquifer groundwater quality has not 

been undertaken as part of the scope”. No reason is given as to why the groundwater quality data was 

not evaluated or if any further work is planned to evaluate the chemistry results from the trial.  

The lack of analysis of the chemistry and the potential for geochemical reactions to occur 
that could compromise the existing groundwater quality is a significant gap in the 
investigations undertaken to date. The chemistry of the source and receiving waters are a 
fundamental control on the success or otherwise of the MAR system.  

Additional interpretation should have been carried out to better characterise the spatial distribution of 

groundwater given the apparent “variety” of types and the receiving end members (creek or dams). 

Interpretation of the groundwater chemistry along transects including interpretation of the ratios of 

specific ionic concentrations against chloride would have been beneficial to informing the MAR option 

and the risk of chemical precipitation.  

The stable isotope data, as presented (AGT 2019), is not informative as it does not identify where, or 

from what formation the samples were collected. It is uncertain if these samples have been collected 

along a defined transect or if they are just a collection of samples taken at various locations across the 

study area.  

Identifying the chemistry correctly is important because it goes to supporting the interpretation (AGT, 

2017, Golder, 2019) from the hydraulic analysis and MAR trial that the aquifer system is 

compartmentalised.  

As both the target aquifers are reported to be compartmentalised this increases the risk of 
MAR being a suitable long-term management option.  

The hydraulic analysis and results of the trial and issues associated with the target aquifers being 

compartmentalised are discussed further in section 3.3.  
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Terramin (Ch. 10, 2019) cite examples of MAR in the mining industry, such as, Fortescue 

(Cloudbreak) and Mandalay Resources (Costerfield Operation) but do not identify that these schemes 

have issues with managing clogging. Anecdotal reports indicate Fortescue drill a new well every three 

to four days to manage clogging associated with iron precipitation and maintain recharge rates.  

Mandalay Resources have recently had to shut their system down for over three months to remediate 

clogged reinjection wells. Advice on remediation of the MAR system at Costerfield Operations has 

been provided by this reviewer. 

The following dot points present a list of issues relating to the chemistry of the source and receiving 

water that have not been adequately addressed by the investigations to date.  

- Despite a significant amount of water quality data being collected the analysis of the data is 

deficient. There is a simple piper diagram presented in van den Akker (2017) and a cursory 

assessment of the deuterium and oxygen 18 data. Analysis should have included evaluation 

of the ionic ratios between major ions versus chloride along specific transects and at depth for 

the different aquifer units.  

- The presentation and interpretation of the hydrochemistry isotope data presented in van den 

Akker (2017) is deficient. There is no indication of what wells the samples came from or if they 

were taken over a specific transect or taken randomly from wells surrounding the site.  

- Key water quality parameters (natural organic matter, total organic carbon, dissolved oxygen, 

redox potential and microbiological indicators) that can trigger geochemical or microbiological 

reactions have not been collected during background sampling and throughout the trial. This is 

basic information which should be collected on the source and receiving waters and 

throughout the trial to evaluate the risk of geochemical reactions occurring that would impair 

groundwater quality, impact ability of existing users to continue to use the water for current 

uses or impair the operation of the MAR option.   

- Failure to collect these key parameters represents a significant knowledge gap associated 

with assessing the risk of clogging and long-term sustainable operation of the MAR system. 

Without this information detailed evaluation concerning impacts to water quality and other 

users cannot be quantified and the risk that the MAR option will impact water quality remains 

high.  

- Key water quality parameters e.g. redox potential, EH, pH and salinity were only measured in 

grab samples as part of the MAR injection trial and not continuously in-line throughout the trial. 

These parameters are fundamental measurements to assess the risk of geochemical 

reactions occurring that will impact the water quality in the aquifer. Failure to measure these 

key parameters in-line throughout the trial means that the opportunity to gain valuable 

information about the aquifer geochemical responses for a very low cost has been missed.  

- Water quality analysis should have included testing for iron II and iron III especially given the 

reported presence of potentially acid forming minerals in the aquifer. Oxygen in the reinjected 

water will result in precipitation of minerals (e.g. iron) and reactions that produce arsenic. 

- Bird in Hand is a greenfield site where MAR has not been undertaken previously. Best 

practice, when investigating the MAR potential, should include geochemical modelling to 

assess the likelihood of adverse reactions e.g. iron precipitation, or release of arsenic, 

occurring between the source and receiving waters that would impact on the injection capacity 

of the MAR wells or groundwater quality in the aquifer.  



15 WGA Bird in Hand Proposed Mine Managed Aquifer Recharge Review Project No. WGA 191368 

Doc No.  
Rev. B 

- The Acid and Metalliferous Drainage Assessment report (Tonkin, 2017) identifies that some 

sections of the rock strata in the Tapley Hill Formation (the primary target aquifer for MAR at 

this site) are potential acid forming (PAF) due to the bound pyrite within the strata and filling 

quartz fracture zones.  

- The presence of pyrite in the rock matrix increases the risk of producing arsenic due to 

geochemical reactions when the oxygenated surface water, that is not in chemical equilibrium 

due to mixing and treatment processes, comes into contact with the groundwater. The 

produced mine water will be held in a storage pond (allowing for oxygenation) and mixed with 

other water so it will no longer be in equilibrium.  Minor levels (below guideline levels) for 

arsenic are reported in the GW sampling (Golder 2019). 

- The risk of geochemical reactions to occur that will result in elevated concentrations of arsenic 

in the groundwater remains high as no detailed evaluation of this risk has been undertaken.  

- The conceptual treatment process (GPA Engineering, 2017) and the water balance 

assessment identifies that water losses will be balanced with mains water and water sourced 

from a nearby bore. The potential risk concerning the fate of disinfection by-products from 

residual chlorine in the mains water e.g. Trihalomethanes (THM) and Halo Acetic Acids (HAA), 

has not been assessed.  

- The MAR component operated by the mine effectively has no recovery component and 

therefore there is an increased risk of cumulative concentration of the disinfection by-products 

and other contaminants in the aquifer over time.   

- Principle 146 and 147 of the WAP for the region refers to completing a hydrogeological risk 

assessment consistent with the National Water Quality Management Strategy Australian 

Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 1).  There 

is no reference to the risk assessment in the documentation and further no coment on the 12 

hazards identified in the guidelines, in particular, pathogens, inorganic chemicals, sodicity, 

nutrients, organic chemicals, turbidity and particulates, radionuclides, contaminant transport 

through preferential flow paths.  

- These key water quality risks can adversely impact the ambient groundwater quality impacting 

on suitability for the existing uses but have not been adequately quantified in the 

documentation reviewed or in accordance with the principals of the WAP for this proposed 

MAR operation. The target for MAR Tapley Hill Formation and Tarcowie Siltstone is a 

fractured rock aquifer system which heightens the risks associated with the fate of these 

parameters within the aquifer.  

- The Groundwater Trigger Action Response Plan (TARP) presented in Appendix H7 (Terramin 

2019) is deficient because none of the risks associated with the impacts to the water quality 

(other than salinity) have been addressed.   

3.3 AQUIFER HYDRAULIC RESPONSES DURING TRIAL 

Principle 154(b) of the WAP requires that drainage and discharge into a well must not have the 

potential to cause artesian conditions in the aquifer.  

The recharge trial into the Tarcowie Siltstone started at 7 L/s and was reduced to 5 L/s after 4,450 

minutes and then reduced to 3 L/s after 7,132 and terminated after 7,324 minutes of injection because 

groundwater levels were approaching artesian conditions in the nearby historic well 6628-8944 160 m 

from the recharge well BHRIB02 (Golder, 2019) as per Principle 154(b) in the WAP.  
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Terramin Ch. 10 Groundwater (2019) and Golder (2019) state that the Tarcowie Siltstone is 

compartmentalised (structurally controlled). Long-term injection without extraction is proposed but the 

results of the injection trial show the system could not be operated for any longer than 7,324 minutes 

before the adjacent well was at risk of becoming artesian.  

AGT (2017) and Golder (2019) state that the recharged water will flow laterally into the surrounding 

rock. This statement is misleading as flow will occur preferentially along the fractures. To overcome 

the pore-throat entry pressure required to induce flow into the bulk rock matrix of the meta-sediments 

that comprise the fractured rock aquifer significant injection pressures would be required for this to 

occur. Such injection pressures would exceed the calculated safe operating pressure reported in 

Golder (2019). 

The aquifer system is identified to be compartmentalised therefore the claimed benefits from managed 

aquifer recharge at this location are not valid. As a result of the compartmentalisation:  

• Existing users will have no access to the recharged water. 
• Reinjection will not result in lateral spreading of the recharged water because flow will occur 

preferentially along the fractures. 
• The potential for MAR to support discharge to environmental receptors such as the spring and 

creek is limited. 
• Overpressurisation of the aquifer compartments due to the MAR recharge may be the trigger 

that causes an unexpected inrush into the workings.  
• Overpressurisation of the aquifer compartments due to the MAR recharge has the potential to 

significantly reduce the grouting effectiveness.   

 

Based on a review of the available information including the results of the MAR injection trial 
at the Bird in Hand site it is concluded that MAR targeting the Tarcowie Siltstone aquifer is 
high risk and not sustainable in the long-term due to compartmentalisation and the risk of 
the aquifer becoming artesian. 

 

Terramin Ch. 10 Groundwater (2019) identifies that the combined injection rate to the Tapley Hill 

Formation and the Tarcowie siltstone was 20 L/s. This statement is misleading as the trials were 

conducted independently of one another, not concurrently. It is therefore incorrect to conclude that the 

two aquifer systems can be recharged simultaneously at 20 L/s as this is not supported by the trial 

results presented in Golder (2019).  

During the inject trial hydraulic responses in adjacent monitoring wells resulted in rises in the 

groundwater level by 9 m showing a high degree of hydraulic connectivity (e.g. Davis well 6628-

23182). In a confined aquifer the pressure response (rising water level) can be observed up to several 

kilometres from the point of injection but the physical movement of water is constrained. In a fractured 

rock aquifer, the physical movement of water is preferentially along the fractures and can therefore 

move considerable distances (kilometres) away from the recharge well.  

There has been insufficient analysis or modelling carried out on the potential movement of the injected 

water preferentially along the fractures during MAR at this site. This is a significant gap in the 

assessment of potential risks to existing users and impacts on water quality.  
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3.4 TREATMENT TRAIN  

Figure 1 presents the water treatment process schematic which incorporates a surface storage dam 

which collects the pumped mine inflow water and mine affected runoff. Post ponding the water flows 

through a biofiltration bed and passes through and ion exchanger. After the treatment process the 

water may be blended with mains water or water from the Goldwyn Bore as identified in Figure 1. 

The proposed treatment process, coupled with the open ponds presents, several risks to the receiving 

groundwater and aquifer: 

• The open pond will be subject to contamination from surface runoff, mine affected runoff and 

waterfowl increasing the risk of pathogens. There is no treatment proposed to manage 

pathogen levels in the recharge water.  

• The ion exchange process acts to break the bond between targeted ions which in turn causes 

a pseudo reduction in the measured salinity but results in a water composition that is no 

longer in chemical equilibrium. This significantly increases the risk of geochemical reactions 

occurring in the aquifer that would impair the water quality. 

• Ponding the water at surface will change the redox state and therefore increases the risk of 

geochemical reactions (such as arsenic) due to the presence of PAF minerals in the host rock.  

• The use of chlorinated mains water will introduce disinfection by-products into the aquifer (e.g. 

Trihalomethane (THM) and Haloacetic Acid (HAA)) which will impact on water quality. In other 

MAR operations where mains water is used it is typically recovered to meet demands. In the 

Bird in Hand operations there is no planned recovery of the injected water increasing the risk 

of cumulative concentration over time of the disinfection by-products. 

 

Figure 1:  BIH Water treatment process schematic (source GPA Engineering (2017)) 

The treatment design reported in GPA Engineering (2017) identifies a target level for suspended 

solids of 10 mg/L. If the grouting is only 70% effective the recharge rate is reported to be 4.1 L/s. 

Injection at 4.1 L/s with a suspended solids concentration of 10 mg/L would result in approximately 

3.4 kg/day of sediment being recharged into the bore.  This level of suspended solids would result in 

clogging in the injection well within a matter of days.  
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The treatment system is optimised to 15 L/s but there are suggestions in the documentation that a 

sudden ingress of water could be as much as 40 L/s. The treatment system and surface storage 

cannot manage this capacity and there is no identified management strategy should such an event 

occur.  

3.5 GROUNDWATER NUMERICAL MODEL 

The focus of the MAR peer review completed by Innovative Groundwater Solutions (2019) has been 

the numerical modelling. No independent peer review of the water quality chemistry, injection trial 

results or aquifer hydraulics during the trial has been completed.   

The aquifer discharge tests and injection trial identify structural controls and anisotropy within the 

aquifer (AGT, 2017 and Golder 2019). There is no rational presented as to why injection was then 

subsequently modelled to occur radially around the mine void.  This is a fractured rock aquifer with 

evidence showing clear direction for fracture orientation, strike and dip (AGT, 2017). It would have 

been more appropriate to site any additional bores along fracture orientation as per two of the wells 

that target the Tapley Hill Formation.  

Additionally, the Figures presented in AGT (2017) of the geology of the area show significant structural 

controls (faulting) but it appears that only two such controls trending north- west south-east, have 

been included in Layers 2, 3, 4, and 5 of the model. Zones assigned for the hydraulic conductivity over 

the model domain are presented in the documentation, but spatially variable storage parameters were 

not assigned in the model (AGT 2017). This seems unusual as the fractures will have a significantly 

different storativity compared to the bulk rock matrix by perhaps two orders of magnitude or more.   

Solute transport modelling (AGT 2017) was completed to assess the risk of mine inflows drawing in 

the surrounding saline groundwater, however, no solute transport modelling was undertaken to identify 

the extent of the injection envelope during MAR operations.  

Flow moves preferentially through the fractures and in the event of a contaminant entering the aquifer 

it is critical to understand what risk this may present to the nearest users. The injection trial showed 

hydraulic influences on nearby users wells of up to 9 metres (e.g. Davis bore 6628-23182 reported in 

Golder, 2019). This clearly identifies a high degree of hydraulic connection between the injection well 

and users’ wells. It therefore represents a significant risk to the water quality available to existing users 

in the event a contaminant enters the aquifer or adverse geochemical reactions occur resulting in 

elevated concentrations of arsenic.  

Best practice when evaluating the impacts of a MAR system on existing groundwater users typically 

include modelling simulations that predict the movement of the injection envelop. It is uncertain why 

this level of analysis was not undertaken but, in this case, where no recovery is planned, 

understanding how and where the water will move is critical. 

A predictive simulation could have been undertaken using the groundwater salinity from the pumped 

well (~1400 mg/L) against the regional background salinity of ~600 mg/L. Whilst Terramin identify that 

they propose to recharge water of similar salinity into the aquifer following treatment the model could 

have been used to test the movement of the injected water. Testing such a scenario would instil 

greater confidence in the reliability of the model to predict potential impacts on existing users, in 

particular, changes to water quality. 

As stated above the results from the trial do not support the conclusion presented in the Terramin 

2019 and Golder 2019 that the Tarcowie Siltstone is suitable for MAR. Because of the 

compartmentalisation long-term recharge without any recovery is not likely to be sustainable into this 

unit. 
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An additional scenario should be included in the numerical groundwater modelling that excludes 

recharge into the Tarcowie Siltstone to determine if the volumes of water can be recharged into the 

Tapley Hill Formation. 

It should be noted that the results for the injection heads presented in the groundwater numerical 

model will be underpredicted as they are influenced by the model grid cell size. Cross checks of the 

actual heads at the injection well should be compared using analytical approaches.   

3.6 GROUNDWATER TRIGGER ACTION RESPONSE PLAN (TARP)  

The draft TARP presented as Appendix H7 in the Bird in Hand Gold Project Mining Lease proposal 

(MC4473) is deficient does not adequately address many of the risks associated with MAR operations 

other than salinity and groundwater levels.  

The TARP identifies groundwater level declines but does not provide a strategy to mange artesian 

conditions in existing users wells although the WAP requires groundwater levels associated with MAR 

activities to remain sub-artesian.    

The TARP does not consider the risks associated with geochemical reactions e.g. elevated arsenic 

levels impacting water quality, existing users and the sustainable operation of the proposed MAR 

system. Introduction of oxygenated water during MAR increases the risk significantly of oxidising the 

supergene layer producing arsenic and changes to the groundwater pH that would facilitate further 

geochemical reactions  

There is no detailed MAR risk assessment and monitoring management plan that is consistent with 

the MAR National Guidelines and specified under Principles 146 and 147 of the WAP for the 

Inverbrackie sub-catchment.  

There are general approaches and statements drawn from the literature presented in the Terramin 

document Ch. 10 Groundwater (2019) outlining the methods that could be used to remediate the 

reinjection wells in the event of clogging. The methods proposed take time and could result in the 

MAR system being offline for several days and up to several weeks whilst they are rehabilitated. There 

is no discussion or identified management strategy for the mine discharge water if the MAR system is 

off-line.  

There is no identification of a mitigation or management strategy should the MAR operations result in 

unacceptable levels of arsenic in the aquifer which would render the groundwater unsuitable for 

existing users. 

The risk of contamination by pathogens has not been identified and no treatment for mitigating this risk 

has been identified.  

There is no description of what water quality parameters will be routinely monitored and the frequency 

of monitoring.  

There are no triggers or targets identified to initiate a management action if water levels in the injection 

wells or adjacent monitoring wells approach artesian conditions.  
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4 SUMMARY AND CONCLUSIONS 

The WAP for the Western Mount Lofty Ranges PWA sets out several Principles for the recharge of 

water to the aquifers using MAR approaches. The information presented in the Bird in Hand Gold 

Project Mining Lease Application (MC4473) is deficient with respect to the MAR investigations and the 

principles set out in the WAP.  

• The conversion from EC to TDS in mg/L uses 0.65 compared to 0.55 recommended by the 

DEW which skews the results towards a higher EV category. The correct category under the 

EPA EP(WQ)P should be potable and therefore the injected water must meet this criterion 

prior to recharge as per Principle 145(a)(i).  

• A detailed risk assessment as set out under Principle 146 of the WAP has not been 

completed. Some risks have been identified but what has been presented is not consistent 

with the National Water Quality Management Strategy Australian Guidelines for Water 

Recycling: Managing Health and Environmental Risks (Phase 1). 

• An appropriate operation or management plan demonstrating that operational procedures 

are in place to protect the integrity of the aquifer on an ongoing basis (Principle 147(g) of the 

WAP) has not been prepared.  

• There has been no analysis of the water quality data collected prior to and during the trial to 

support the MAR option. Analysis of the water quality data shows there is a high risk of 

geochemical reactions - arsenic which will impact water quality and iron precipitation which 

will cause clogging 

• Key water quality parameters important to assessing the risks that MAR operations pose to 

water quality have not been collected. These include, natural organic matter, total organic 

carbon, dissolved oxygen, redox potential and microbiological indicators (e.g. E.coli).  

• The lack of analysis of the chemistry and the potential for geochemical reactions to occur 

that could compromise the existing groundwater quality is a significant knowledge gap in the 

investigations undertaken to date. The chemistry of the source and receiving waters are a 

fundamental control on the success or otherwise of a MAR system. 

• The presence of pyrite in the rock matrix increases the risk of producing arsenic due to 

geochemical reactions when the oxygenated surface water, that is not in chemical 

equilibrium due to mixing and treatment processes, contacts the groundwater. Under 

Principle 151 a permit to drain or discharge water into a well must not be granted if the 

draining or discharging of water would have the potential to degrade underground water-

dependent ecosystems or to reduce the suitability of the underground water for other 

purposes for which it might reasonably be used. 
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• The aquifer system is identified to be compartmentalised therefore the claimed benefits from 

managed aquifer recharge at this location are not valid. As a result of the 

compartmentalisation:  

o Existing users will have no access to the recharged water. 
o Reinjection will not result in lateral spreading of the recharged water because flow 

will occur preferentially along the fractures. For the water to spread laterally the pore 
throat entry pressure of the aquifer matrix rock need to be overcome and the 
pressure required to do this in a metasediment, such as the Tapley Hill Formation, 
would be considerable and most likely exceed the safe operating pressure 
presented in Golder (2019). 

o The potential for MAR to support discharge to environmental receptors such as the 
spring and creek is limited. 

o Overpressurisation of the aquifer compartments due to the MAR recharge may be 
the trigger that causes an unexpected inrush into the workings.  

o Overpressurisation of the aquifer compartments due to the MAR recharge has the 

potential to significantly reduce the grouting effectiveness. 

• Based on a review of the available information including the results of the MAR injection trial 

at the Bird in Hand site it is concluded that MAR targeting the Tarcowie Siltstone aquifer is 

high-risk and not sustainable in the long-term due to compartmentalisation and the risk of 

the aquifer becoming artesian. 

• The proposed treatment process, coupled with the open ponds presents, several risks to the 

receiving groundwater and aquifer: 

o The open pond will be subject to contamination from surface runoff, mine affected 

runoff and waterfowl increasing the risk of pathogens. There is no treatment 

proposed to manage pathogen levels in the recharge water.  

o The ion exchange process acts to break the bond between targeted ions which in 

turn causes a pseudo reduction in the measured salinity but results in a water 

composition that is no longer in chemical equilibrium. This significantly increases the 

risk of geochemical reactions occurring in the aquifer that would impair the water 

quality. 

o Ponding the water at surface will change the redox state and therefore increases the 

risk of geochemical reactions (such as arsenic) due to the presence of PAF minerals 

in the host rock.  

o The use of chlorinated mains water will introduce disinfection by-products into the 

aquifer (e.g. Trihalomethane (THM) and Haloacetic Acid (HAA)) which will impact on 

water quality. In other MAR operations where mains water is used it is typically 

recovered to meet demands. In the Bird in hand operations there is no planned 

recovery of the injected water increasing the risk of cumulative concentration over 

time of the disinfection by-products. 

o The proposed targets for meeting suspended solids result in 3.4 kg/day of sediment 

being recharged into the bore.  This level of suspended solids would result in 

clogging in the injection well within a matter of days.  

 

• There are several references throughout the Terramin documentation that the MAR option 

has been peer reviewed. This statement is misleading as IGS only reviewed the updated 

groundwater numerical model that incorporated the MAR option. IGS did not review or 

comment on the results of the trials, water chemistry, treatment process, aquifer mineralogy, 

or the aquifer hydraulic responses during testing. 
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• The injection heads in the groundwater model underpredict the actual heads due to the 

influences of the model grid cell size. No attempt has been made to cross check what the 

actual heads in the injection wells will be using analytical approaches.  

• The injection trial showed hydraulic influences on nearby users wells of up to nine metres. 

This clearly identifies a level of hydraulic connection between the injection well and the 

nearest users’ wells. This represents a significant risk to users in the event of contamination 

or geochemical reactions.  

• Failure to evaluate the extent of the injection envelope using modelling simulations during 

the life of the injection operations presents a high degree of risk and uncertainty concerning 

the impacts to water quality and impacts to existing users that has not been quantified by 

Terramin.  

• The TARP as presented does not adequately address all the potential risks, nor does it set 

out management triggers to address clogging or geochemical reactions such as elevated 

arsenic.  

• There is no apparent appreciation that remediation of a clogged injection well could 

potentially take days or weeks to resolve. There are no identified management options to 

manage the water pumped from the mine if the MAR option is compromised. 

• There is no contingency for the management of the water if the MAR option goes sideways 

due to clogging, geochemical reactions, over pressurisation or many of the other risks 

associated with undertaking MAR in a fractured rock.  

• Knowledge gaps and gaps in the identification of risks associated with the option of MAR at 

the proposed Bird in Hand Gold Prospect presents significant risks to water quality and 

existing users.  

• Management options have not been clearly identified to counter or control all the likely risks 

that surround MAR in a fractured rock aquifer where there are many existing users and the 

EV of the water is potable. It is concluded therefore that despite the level of investigation 

MAR remains a high-risk option for water management at this location.  
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GRP gross regional product 
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EXECUTIVE SUMMARY 

The Petaluma Winery commissioned BDO EconSearch to estimate the economic contribution (gross regional 

product/gross state product, household income and jobs) of Petaluma Winery’s grape growing, wine making, 

cellar door and other related activity. The specific aim is to demonstrate the link between the current and 

future operations of the business and the economic contribution it makes to the Adelaide Hills and South 

Australian economies. 

Estimates of the economic contribution of the current and planned operations of Petaluma’s business 

activities are based on actual expenditures, business income and household income in wages and salaries 

paid to employees, as well as projected changes to these variables over the five years to 2023/24. The 

associated contribution from capital expenditures1 is also estimated. The estimates of regional and state 

economic contribution presented in this analysis have been prepared using Regional Industry Structure and 

Employment (RISE)2 models for the Adelaide Hills region and for South Australia, constructed by BDO 

EconSearch. 

Economic contribution to South Australia 

In summary, Petaluma Winery’s activities currently contribute $17.8 million in gross state product (GSP) and 

112 full time equivalent (fte) jobs to the South Australian economy. The contribution to GSP is projected to 

grow to $21.3 million by 2023/24, while total fte employment contribution is projected to fall slightly to 

110 ftes3 (Table ES-1). 

Table ES-1 Summary economic contribution, Petaluma Winery, South Australia, 2018/19 to 2023/24 

Indicator 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 6 Year Total a 

Gross Regional Product ($m) b 12.4 12.0 14.0 11.7 16.0 16.0 82.1 

Gross State Product ($m) 17.8 16.8 21.4 17.0 21.3 21.3 115.7 

Employment (fte c) 112 103 142 111 111 110 115 

a 6 year total is the sum of the 2018/19 to 2023/24 estimates for GRP and GSP, and the annual average for the fte employment/jobs. 
b Adelaide hills region. 
c Full-time equivalent jobs. 

Source:  BDO EconSearch analysis

                                                 

1  These include for example, construction and construction service companies, metal product manufacturers, machinery and 
equipment manufacturers, sawmill product manufacturers and companies in the professional services sector. 

2  BDO EconSearch is currently contracted by the Department of Premier and Cabinet (DPC) to prepare RISE models for South 
Australia and the 12 state government regions. The models are used across government as a standard tool for economic impact 
and contribution analysis. 

3  As increases related to changes in expenditures are offset by increased productivity of labour in the broader economy over this 
period 
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1. INTRODUCTION 

The purpose of this analysis is to estimate the economic contribution (gross regional product/gross state 

product, household income and jobs) of the Petaluma Winery. The specific aim is to demonstrate the link 

between the operation of this business and the economic contributions it makes to the Adelaide Hills and 

South Australian economies, both currently and over the five years to 2023/24. 

Estimates of the economic contribution of the current operation of the business have been based on 2018/19 

financial year estimates of expenditures, business income and household income in wages paid to employees 

and retained earnings by business owners. Economic contribution projections over the five years to 2023/24 

are based on expected changes in these variables over the same period provided by Petaluma Winery. 

The associated contribution from current and projected capital expenditure has also been estimated. Not 

only do on-going business operations and earnings affect the level of local economic contribution, so does 

the level of capital replacement and investment in new developments. 

The estimates of regional and state economic contribution presented in this analysis have been prepared 

using Regional Industry Structure and Employment (RISE)4 models for the Adelaide Hills region and for South 

Australia, constructed by BDO EconSearch. 

 

                                                 

4  BDO EconSearch is currently contracted by the Department of Premier and Cabinet (DPC) to prepare RISE models for South 
Australia and the 12 state government regions. The models are used across government as a standard tool for economic impact 
and contribution analysis. 
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2. METHOD OF ANALYSIS AND DATA 

2.1. Method of Analysis 

Any economic activity inevitably impacts the wider economy. For example, if a farmer in the Adelaide Hills 

region is irrigating a given crop then not only will they produce a valued product, but they will be likely to 

make investments in buildings and plant and will be likely to maintain or perhaps increase their annual 

expenditure on inputs to production such as labour, fuel, transport and processing. The suppliers of these 

inputs (including households) will therefore make expenditures on their own inputs (or consumption in the 

case of households) to meet the ongoing or increase in demand. The results of these direct and flow-on 

effects comprise the economic activity and employment in the Adelaide Hills region of the farming activity. 

For this analysis the estimation of regional economic contribution has been made with the application of an 

extension of the conventional input-output method. Over the past decade BDO EconSearch has developed 

an extended input-output model known as the RISE model. The RISE model provides a comprehensive 

economic framework that is applied widely in the resource planning process, particularly for regional 

economic impact applications.  

The report uses RISE models for the Adelaide Hills South Australian government region and for South Australia 

as a whole. The models are used to estimate the economic contribution to the Adelaide Hills region and the 

state of the Petaluma Winery’s grape growing, wine making, cellar door, and other related activities. 

2.2. Economic Indicators 

Estimates of direct and flow-on economic contribution are presented in terms of gross regional 

product/gross state product (GRP/GSP), household income and employment. 

Gross regional product/Gross state product (GRP/GSP) 

Contribution to GRP/GSP is a measure of the net contribution of an activity to the regional/state economy. 

Contribution to GRP/GSP is measured as value of output less the cost of goods and services (including 

imports) used in producing the output. In other words, it can be measured as household income plus other 

value added (gross operating surplus and all taxes, less subsidies). It represents payments to the primary 

inputs of production (labour, capital and land). Using contribution to GRP/GSP as a measure of economic 

contribution avoids the problem of double counting that may arise from using value of output for this 

purpose. 

Household income 

Household income is a component of GRP/GSP and is a measure of wages and salaries paid in cash and in 

kind, drawings by owner operators and other payments to labour including overtime payments, employer’s 

superannuation contributions and income tax, but excluding payroll tax. 

Employment 

Employment is a measure of the number of working proprietors, managers, directors and other employees. 

The report presents employment impacts in terms of the number of full-time equivalent (fte) jobs. 
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Direct, flow-on and total contribution 

Direct contribution is the initial round of output, employment and household income generated by an 

economic activity. 

Flow-on (or indirect) contribution is the sum of production-induced effects and consumption-induced 

effects. Production-induced effects are additional output, employment and household income resulting from 

re-spending by firms (e.g. transport contractors) that receive payments from the sale of services to firms. 

Consumption-induced effects are additional output, employment and household income resulting from re-

spending by households that receive income from employment in direct and flow-on activities.  

Total contribution is the sum of direct and flow-on effects. 

2.3. Data and Assumptions 

Key information sourced from Petaluma Winery included: 

1. Capital expenditure associated with building construction and upgrades, plant and equipment, and 

vineyard replacements for 2014/15 to 2018/19 

2. Projected capital expenditure for 2019/20 to 2023/24 

3. Operational income and expenditure for the 2018/19 financial year 

4. Projected operational income and expenditure for 2019/20 to 2023/24 
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3. RESULTS OF ANALYSIS 

3.1. Economic Contribution of Capital Expenditure 

Estimates of the economic contribution of capital expenditure by the Petaluma Winery to GRP/GSP are 

detailed in Table 3-1 for the Adelaide Hills region and in Table 3-2 for South Australia as a whole. The 

contribution at the state level is, as expected, greater than the regional level contribution. 

The direct effects measure the contribution made by the businesses that are the recipients of the capital 

expenditure. These include, for example, construction and construction service companies, metal product 

manufacturers, machinery and equipment manufacturers, sawmill product manufacturers and companies in 

the professional services sector. The flow-on effects measures the economic contributions in other sectors 

of the economy, i.e. those supporting the primary contractors. 

Table 3-1 Economic contribution of capital expenditure, Petaluma Winery, Adelaide Hills region, 
historical and projected 

 Indicator 
5yr Avg (2014/15 

- 2018/19) 
2019/20 2020/21 2021/22 2022/23 2023/24 

Gross Regional Product ($m)        

Direct 0.3 0.1 1.1 0.1 0.1 0.1 

Production Induced 0.1 0.0 0.6 0.0 0.0 0.0 

Consumption Induced 0.1 0.0 0.5 0.0 0.0 0.0 

TOTAL a 0.6 0.1 2.2 0.2 0.2 0.2 

a Totals may not sum due to rounding. 

Source: BDO EconSearch analysis 

Table 3-2 Economic contribution of capital expenditure, Petaluma Winery, South Australia, historical and 
projected 

Indicator 
5yr Avg (2014/15 

- 2018/19) 
2019/20 2020/21 2021/22 2022/23 2023/24 

Gross State Product ($m)       

Direct 0.4 0.1 1.5 0.1 0.1 0.1 

Production Induced 0.4 0.1 1.6 0.1 0.1 0.1 

Consumption Induced 0.4 0.1 1.7 0.1 0.1 0.1 

TOTAL a 1.2 0.3 4.8 0.4 0.4 0.3 

a Totals may not sum due to rounding. 

Source: BDO EconSearch analysis 
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Contribution to GRP and GSP 

The total average annual GRP contribution from capital expenditure over five years to 2018/19 was 

estimated to be $0.6 million in the Adelaide Hills region (Table 3-1) and $1.2 million in SA as a whole (Table 

3-2). Based on the forecast capital expenditure for the years 2019/20 to 2023/24, the contribution to GSP 

is estimated to decline from $1.2 million in 2018/19 to $0.3 million in 2023/24, albeit with a peak of $4.8 

million in 2020/21 (Table 3-2). 

3.2. Economic Contribution of Operating Activity 

Estimates of the economic contribution of the Petaluma Winery operations in 2018/19 and five year 

projection to 2023/245 are detailed in Table 3-3 for the Adelaide Hills region and Table 3-4 for South 

Australia as a whole. Appendix 1 provides further details regarding sectoral level contributions for both the 

Adelaide Hills region (Appendix Table 1-1) and South Australia as a whole (Appendix Table 1-2).  

For each measure of economic activity, the contribution at the state level is greater than that at the regional 

level. This is to be expected, as the regional contribution is simply a component, albeit a significant one, 

of the total state contribution. 

The direct contribution measures the economic effects from grape growing, wine making, cellar door, and 

other related activity. The flow-on contribution measures the economic effects in other sectors of the 

economy (trade, manufacturing, etc.) generated by the direct activities, that is, the multiplier effects. 

Contribution to GRP and GSP 

In 2018/19, total direct industry related contribution to the Adelaide Hills region GRP was $9.5 million for 

the Petaluma Winery (Table 3-3). The flow-on effects in the Adelaide Hills region summed to $2.4 million 

(Table 3-3) while the flow-on effects state wide were $7.0 million (Table 3-4). The total contribution to 

GRP for the Adelaide Hills region is expected to increase by approximately 34 per cent from $11.8 million 

to $15.8 million by 2023/24. Total contribution to GSP from the Petaluma Winery is expected to increase 

by approximately 27 per cent from $16.6 million to $21.0 million by 2023/24 (Table 3-4). 

 

                                                 

5  In real terms (current 2019 dollars). 
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Table 3-3 The economic contribution of operating activity, Petaluma Winery, Adelaide Hills region, 
2018/19 - 2023/24 

Indicator 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 

Gross Regional Product ($m)       

Direct 9.5 9.5 9.3 8.9 13.3 13.3 

Production Induced 0.9 0.9 0.9 1.0 1.0 1.0 

Consumption Induced 1.5 1.5 1.5 1.6 1.6 1.6 

TOTAL a 11.8 11.8 11.8 11.5 15.8 15.8 

Household Income ($m)b       

Direct 3.4 3.4 3.6 3.7 3.7 3.7 

Production Induced 0.6 0.6 0.6 0.6 0.6 0.6 

Consumption Induced 0.7 0.7 0.7 0.8 0.8 0.8 

TOTAL a 4.7 4.7 4.9 5.1 5.1 5.1 

Employment (fte)c       

Direct 50 50 52 54 54 54 

Production Induced 7 7 7 8 7 7 

Consumption Induced 11 11 11 12 12 12 

TOTAL a 68 68 70 73 73 73 

a Totals may not sum due to rounding. 
b Household income is a component of GRP. 
c Full-time equivalent jobs. 

Source: BDO EconSearch analysis 

Household income and employment 

Direct personal (household) income of $3.4 million was earned in the Adelaide Hills region during 2018/19 

(wages of employees and estimated drawings by owner/operators) and $1.3 million was earned in flow-on 

activities (Table 3-3). The total household income contribution in the Adelaide Hills region was estimated 

to be $4.7 million (Table 3-3) and $7.3 million in SA as a whole (Table 3-4). Total household income from 

the Petaluma Winery is expected to increase by approximately 8 per cent in the Adelaide Hills regions and 

9 per cent state-wide by 2023/24. 

In 2018/19, the Petaluma Winery was responsible for direct employment in the Adelaide Hills region of 

around 50 full-time equivalents (fte) and flow-on business activities created additional employment of 

around 18 fte jobs. At the state level, flow-on business activities created additional employment of around 

50 fte jobs (Table 3-4). The total employment contribution in the Adelaide Hills region was estimated to be 

68 fte jobs (Table 3-3) and 101 fte jobs in SA as a whole (Table 3-4). Total employment is expected to 

increase from the 2018/19 estimates by approximately 7 per cent in the Adelaide Hills region and 6 per cent 

in SA by 2023/24. 
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Table 3-4 The economic contribution of operating activity, Petaluma Winery, South Australia, 2018/19 - 
2023/24 

Indicator 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 

Gross State Product ($m)       

Direct 9.6 9.6 9.4 9.0 13.4 13.4 

Production Induced 2.8 2.8 2.9 3.1 3.1 3.1 

Consumption Induced 4.2 4.2 4.3 4.5 4.5 4.5 

TOTAL a 16.6 16.6 16.6 16.6 21.0 21.0 

Household Income ($m) b       

Direct 3.5 3.5 3.7 3.8 3.8 3.8 

Production Induced 1.7 1.7 1.7 1.9 1.9 1.9 

Consumption Induced 2.1 2.1 2.2 2.3 2.3 2.3 

TOTAL a 7.3 7.3 7.6 8.0 8.0 8.0 

Employment (fte)c       

Direct 51 51 53 55 55 55 

Production Induced 21 21 21 22 22 22 

Consumption Induced 29 29 29 31 30 30 

TOTAL a 101 101 104 108 108 107 

a-c See footnotes to Table 3-3. 

Source: BDO EconSearch analysis 

3.3. Total Economic Contribution 

Estimates of the total economic contribution of the Petaluma Winery operational and capital expenditures 

in 2018/19 and five year projection to 2023/246 are detailed in Table 3-5 for the Adelaide Hills region, and 

Table 3-6 for South Australia as a whole. 

  

                                                 

6  In real terms (current 2019 dollars). 
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Table 3-5 The total economic contribution of Petaluma Winery, Adelaide Hills region, 2018/19 - 2023/24 

Indicator 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 

Gross Regional Product ($m)       

Direct 9.8 9.5 10.4 9.0 13.4 13.3 

Production Induced 1.0 0.9 1.5 1.0 1.0 1.0 

Consumption Induced 1.6 1.5 2.0 1.6 1.6 1.6 

TOTAL a 12.4 12.0 14.0 11.7 16.0 16.0 

Household Income ($m)b       

Direct 3.7 3.5 4.4 3.8 3.8 3.8 

Production Induced 0.6 0.6 1.0 0.6 0.6 0.6 

Consumption Induced 0.8 0.7 1.0 0.8 0.8 0.8 

TOTAL a 5.1 4.8 6.4 5.2 5.2 5.2 

Employment (fte)c       

Direct 54 51 65 55 55 55 

Production Induced 8 7 13 8 8 8 

Consumption Induced 12 11 15 12 12 12 

TOTAL a 74 69 93 75 75 74 

a Totals may not sum due to rounding. 
b Household income is a component of GRP. 
c Full-time equivalent jobs. 

Source: BDO EconSearch analysis 

Contribution to GRP and GSP 

In 2018/19, total direct industry related contribution to the Adelaide Hills region GRP was $12.4 million for 

the Petaluma Winery operational and capital expenditures (Table 3-5). The flow-on effects in the Adelaide 

Hills region summed to $2.6 million (Table 3-5) while the flow-on effects state wide were $7.8 million (Table 

3-6). The total contribution to GRP for the Adelaide Hills region is expected to increase by approximately 

29 per cent from $12.4 million to $16.0 million by 2023/24. Total contribution to GSP from the Petaluma 

Winery is expected to increase by approximately 20 per cent from $17.8 million to $21.3 million by 2023/24. 
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Table 3-6 The total economic contribution of Petaluma Winery, South Australia, 2018/19 - 2023/24 

Indicator 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 

Gross State Product ($m)       

Direct 10.0 9.7 10.9 9.1 13.5 13.5 

Production Induced 3.2 2.9 4.5 3.2 3.2 3.2 

Consumption Induced 4.6 4.3 6.0 4.7 4.7 4.7 

TOTAL a 17.8 16.8 21.4 17.0 21.3 21.3 

Household Income ($m)b       

Direct 3.8 3.6 4.7 3.9 3.9 3.9 

Production Induced 1.9 1.7 2.8 1.9 1.9 1.9 

Consumption Induced 2.3 2.2 3.1 2.4 2.4 2.4 

TOTAL a 8.1 7.5 10.6 8.2 8.2 8.2 

Employment (fte)c       

Direct 56 52 68 57 56 56 

Production Induced 24 21 33 23 23 23 

Consumption Induced 32 29 41 32 31 31 

TOTAL a 112 103 142 111 111 110 

a Totals may not sum due to rounding. 
b Household income is a component of GRP. 
c Full-time equivalent jobs. 

Source: BDO EconSearch analysis 

Household income and employment 

Direct personal (household) income of $3.7 million was earned in the Adelaide Hills region during 2018/19 

(wages of employees and estimated drawings by owner/operators) and $1.4 million was earned in flow-on 

activities (Table 3-5). The total household income contribution in the Adelaide Hills region was estimated 

to be $5.1 million (Table 3-5) and $8.1 million in SA as a whole (Table 3-6). Total contribution to household 

income from the Petaluma Winery is expected to increase by approximately 2 per cent in the Adelaide Hills 

regions and 1 per cent state-wide by 2023/24. 

In 2018/19, the Petaluma Winery operational and capital expenditures were responsible for direct 

employment in the Adelaide Hills region of around 54 fte jobs, and flow-on business activities created 

additional employment of around 20 fte jobs (Table 3-5). At the state level, flow-on business activities 

created additional employment of around 56 fte jobs (Table 3-6). The total employment contribution in the 

Adelaide Hills region was estimated to be 74 fte jobs (Table 3-5) and 112 fte jobs in SA as a whole (Table 

3-6). Total employment in 2023/24 is not expected to change significantly from the 2018/19 estimates for 

either region, as additional fte jobs supported by slight increases in expenditures are offset by increases in 

labour productivity in the broader economy over that period. 
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Disclaimer 

The assignment is a consulting engagement as outlined in the ‘Framework for Assurance Engagements’, 

issued by the Auditing and Assurances Standards Board, Section 17. Consulting engagements employ an 

assurance practitioner’s technical skills, education, observations, experiences and knowledge of the 

consulting process. The consulting process is an analytical process that typically involves some combination 

of activities relating to: objective-setting, fact-finding, definition of problems or opportunities, evaluation 

of alternatives, development of recommendations including actions, communication of results, and 

sometimes implementation and follow-up. 

The nature and scope of work has been determined by agreement between BDO and the Client. This 

consulting engagement does not meet the definition of an assurance engagement as defined in the 

‘Framework for Assurance Engagements’, issued by the Auditing and Assurances Standards Board, Section 

10. 

Except as otherwise noted in this report, we have not performed any testing on the information provided to 

confirm its completeness and accuracy. Accordingly, we do not express such an audit opinion and readers 

of the report should draw their own conclusions from the results of the review, based on the scope, agreed-

upon procedures carried out and findings. 
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APPENDIX 1 Sectoral level economic contribution associated with 2018/19 
operational expenditures 

Appendix Table 1-1 Sectoral level economic contribution of operational expenditure, Petaluma Winery, 
Adelaide Hills, 2018/19 

Sector 
Contribution to GRP 

($m) 
Household Income 

($m) a 

Employment 
(fte b) 

Direct     

Petaluma Operations 9.5 3.4 50 

Indirect c    

Electricity Supply 0.3 0.1 1 

Retail Trade 0.2 0.2 3 

Admin Support Services 0.1 0.1 1 

Health & Community Services 0.1 0.1 1 

Wholesale Trade 0.1 0.1 0 

Road Transport 0.1 0.1 1 

Food & Beverage Services 0.1 0.1 1 

Professional Scientific Technical Services 0.1 0.1 2 

Personal & Other Services 0.1 0.1 2 

Finance 0.1 0.0 0 

All Other Sectors 1.2 0.4 6 

Total Indirect d 2.4 1.3 18 

TOTAL d 11.8 4.7 68 

a Household income is a component of GRP. 
b Full-time equivalent jobs. 
c Sectors have been sorted by the top 10 contributors to GRP. 
d Totals may not sum due to rounding. 

Source: BDO EconSearch analysis 
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Appendix Table 1-2 Sectoral level economic contribution of operational expenditure, Petaluma Winery, 
South Australia, 2018/19 

Sector 
Contribution to GSP 

($m) 
Household Income 

($m) a 

Employment 
(fte b) 

Direct     

Petaluma Operations 9.6 3.5 51 

Indirect c    

Retail Trade 0.5 0.3 6 

Finance 0.5 0.1 1 

Professional Scientific Technical Services 0.4 0.3 3 

Wholesale Trade 0.3 0.2 2 

Electricity Supply 0.3 0.1 1 

Admin Support Services 0.4 0.4 3 

Pharma & Other Chemical Products 0.3 0.2 2 

Health & Community Services 0.3 0.2 3 

Education & Training 0.3 0.3 3 

Road Transport 0.2 0.2 2 

All Other Sectors 3.7 1.5 25 

Total Indirect d 7.0 3.8 50 

TOTAL d 16.6 7.3 101 

a Household income is a component of GSP. 
b Full-time equivalent jobs. 
c Sectors have been sorted by the top 10 contributors to GSP. 
d Totals may not sum due to rounding. 

Source: BDO EconSearch analysis 
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EXECUTIVE SUMMARY 

The Inverbrackie Catchment Group commissioned EconSearch to estimate the economic 

contribution (gross regional product/gross state product, household income and jobs) of existing 

land use in the Inverbrackie District, in particular land and businesses that will be impacted by 

the mine development proposed by Terramin Australia Ltd. The specific aim is to demonstrate 

the link between the current and future operations of these businesses and the economic 

contributions they make to the Adelaide Hills and South Australian economies. 

Estimates of the economic contribution of the current and planned operations of businesses are 

based on actual expenditures, business income and household income in wages paid to 

employees and retained earnings by farm and related business owners. The associated 

contribution from capital expenditures1 is also estimated. These estimates of regional and state 

economic contribution were prepared using RISE models2 for the Adelaide Hills region and for 

South Australia, constructed by EconSearch. 

Economic contribution to South Australia … 

In summary, the current (2015/16) economic contribution to the state from the operating 

activity of agriculture businesses in the Inverbrackie district likely to be impacted by the mine 

development is estimated to be: 

 $148.7 million in gross state product (GSP) per annum 

 793 fte jobs 

 $60.7 million in household income per annum. 

By 2020/21 the economic contribution to the state3 from the operating activity of these 

businesses is expected to be: 

 $169.1 million in GSP per annum, an increase of 14 per cent on current estimates 

 885 fte jobs, an increase of 10 per cent on current estimates 

 $71.8 million in household income per annum, an increase of 16 per cent on current 

estimates. 

The current (2015/16) economic contribution to the state from the capital expenditure activity 

of these businesses is estimated to be: 

 $10.2 million in GSP per annum 

                                                             

 
1  Building and other infrastructure construction and orchard/vineyard development. 

2  RISE (regional industry structure and employment) models for South Australia and regions have been recently 
(2017) updated by EconSearch for the Department of Premier and Cabinet. 

3  In real terms (current 2017 dollars). 
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 77 fte jobs 

 $6.5 million in household income per annum. 

Economic contribution to the Adelaide Hills region 

In summary, the current (2015/16) economic contribution to the Adelaide Hills region from the 

operating activity of agriculture businesses in the Inverbrackie district likely to be impacted by 

the mine development is estimated to be: 

 $121.6 million in gross regional product (GRP) per annum 

 681 fte jobs 

 $47.7 million in household income per annum. 

By 2020/21 the economic contribution to the Adelaide Hills region from the operating activity 

of these businesses is expected to be: 

 $140.6 million in GRP per annum, an increase of 17 per cent on current estimates 

 772 fte jobs, an increase of 12 per cent on current estimates 

 $58.3 million in household income per annum, an increase of 21 per cent on current 

estimates. 

The current (2015/16) economic contribution to the Adelaide Hills region from the capital 

expenditure activity of these businesses is estimated to be: 

 $6.3 million in GRP per annum 

 66 fte jobs 

 $4.6 million in household income per annum. 

It is expected that the reported annual economic contribution to the State and Adelaide Hills 

region economies from these established businesses will be ongoing. 
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1. INTRODUCTION 

The purpose of the analysis is to estimate the economic contribution (gross regional 

product/gross state product, household income and jobs) of existing land use in the Inverbrackie 

District, in particular land and businesses that will be impacted by the mine development 

proposed by Terramin Australia Ltd. The specific aim is to demonstrate the link between the 

current operations of these businesses and the economic contributions they make to the 

Adelaide Hills and South Australian economies. 

Estimates of the economic contribution of the current operations of businesses have been based 

on current expenditures, business income and household income in wages paid to employees 

and retained earnings by farm and related business owners. 

The associated contribution from capital expenditure has also be estimated. Not only do on-

going business operations and earnings affect the level of local economic contribution, so does 

the level of capital replacement and investment in new developments. 

Income and expenditure data relating to current operations of the businesses has been gathered 

in meetings with a selection of landholders (8) from the group of around 20 or more businesses 

likely to be impacted.  

The estimates of regional and state economic contribution presented in this analysis has been 

prepared using RISE models4 for the Adelaide Hills region and for South Australia, constructed 

by EconSearch.  

                                                             

 

4  RISE (regional industry structure and employment) models for South Australia and regions have been recently 
(2017) updated by EconSearch for the Department of Premier and Cabinet. 
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2. METHOD OF ANALYSIS AND DATA 

2.1 Method of Analysis 

Any economic activity inevitably impacts the wider economy. For example, if a farmer in the 

Adelaide Hills region is irrigating a given crop then not only will they produce a valued product, 

but they will be likely to make investments in buildings and plant and will be likely to maintain 

or perhaps increase their annual expenditure on inputs to production such as labour, fuel, 

transport and processing. The suppliers of these inputs (including households) will therefore 

make expenditures on their own inputs (or consumption in the case of households) since they 

meet the ongoing or increase in demand. The results of these direct and flow-on effects 

comprise the economic activity and employment in the Adelaide Hills region of the farming 

activity. 

For this analysis the estimation of regional economic contribution has been made with the 

application of an extension of the conventional input-output method. Over the past decade 

EconSearch has developed an extended input-output model known as the RISE model (Regional 

Industry Structure & Employment). The RISE model provides a comprehensive economic 

framework that is applied widely in the resource planning process, particularly for regional 

economic impact applications5.  

The report uses 2015/16 RISE models for the Adelaide Hills South Australian government region 

and for South Australia as a whole, prepared for the Department of the Premier and Cabinet 

(EconSearch 2017). The models are used to estimate the economic contribution to the Adelaide 

Hills region and the state of irrigated agriculture, wine making and related activity in the 

Inverbrackie district of the Adelaide Hills. 

2.2 Economic Indicators 

Estimates of direct and flow-on economic impacts are presented in terms of gross regional 

product (GRP), household income and employment. 

Gross regional product (GRP) 

Contribution to GRP is a measure of the net contribution of an activity to the regional economy. 

Contribution to GRP is measured as value of output less the cost of goods and services (including 

imports) used in producing the output. In other words, it can be measured as household income 

plus other value added (gross operating surplus and all taxes, less subsidies). It represents 

payments to the primary inputs of production (labour, capital and land). Using contribution to 

                                                             

 

5  RISE models have been constructed for both the South Australian and Victorian Governments at both a state and 
regional level (EconSearch 2013, 2017). 
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GRP as a measure of economic impact avoids the problem of double counting that may arise 

from using value of output for this purpose. 

Household income 

Household income is a component of GRP and is a measure of wages and salaries paid in cash 

and in kind, drawings by owner operators and other payments to labour including overtime 

payments, employer’s superannuation contributions and income tax, but excluding payroll tax. 

Employment 

Employment is a measure of the number of working proprietors, managers, directors and other 

employees. The report presents employment impacts in terms of the number of full-time 

equivalent (fte) jobs. 

Direct, flow-on and total impacts 

Direct impacts are the initial round of output, employment and household income generated by 

an economic activity. 

Flow-on (or indirect) impacts are the sum of production-induced effects and consumption-

induced effects. Production-induced effects are additional output, employment and household 

income resulting from re-spending by firms (e.g. transport contractors) that receive payments 

from the sale of services to firms. Consumption-induced effects are additional output, 

employment and household income resulting from re-spending by households that receive 

income from employment in direct and flow-on activities.  

Total impacts are the sum of direct and flow-on impacts. 

2.3 Data and Assumptions 

Structured interviews with eight businesses in the Inverbrackie District were carried out in June-

July 2017. These included businesses producing wine grapes, strawberries, pome fruit and 

vegetables as well as operating wineries and cellar doors. Interviewees were asked to supply 

data that could be attributed to their business in the Inverbrackie District for the 2015/16 

financial year. Key information derived from the interviews included: 

1. Gross revenue 

2. Details of operational expenditure, including: 

a. itemised expenditure to the level of detail possible (e.g. electricity, materials, 
security, repairs and maintenance, travel, training, etc.) 

b. estimates (percentages) of where each item of expenditure would occur: 

i. Adelaide Hills 

ii. Elsewhere in South Australia 

iii. Outside South Australia 

3. Direct (on-site) employment (total jobs and full-time equivalents) 
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4. Direct payments in wages and salaries 

5. Visitor numbers (if relevant) 

6. Details of average annual capital expenditure for the past 5 years (2011/12 – 2015/16) 
including broad categories of expenditure where possible. 

7. Details of planned capital expenditure over the next 5 years, including 

a. Details of capital expenditure and timing of expenditure 

b. Expected changes to turnover, operational expenditure, employment, wages 
and salaries and visitors (if relevant) 

Information was also obtained from Adelaide Hills Council on land use in the Inverbrackie district 

(area by crop type) which was used to scale up the survey information to derive estimates of the 

total direct economic activity in the district. The area that could potentially impacted by the 

Inverbrackie gold mine development was assumed to be that area identified as irrigated 

horticulture within a 5 kilometre radius of the proposed mine site. 



  
 

 
 e c o n s e a r c h  

 

Inverbrackie Catchment Group  Economic Contribution of Agriculture, Inverbrackie District 

 Page| 5 

3. RESULTS OF ANALYSIS 

3.1 Economic Contribution of Operating Activity 

3.1.1 Surveyed businesses 

Estimates of the economic contribution in 2015/16 and 5-year projection to 2020/216 of 

agriculture and related activity in the Inverbrackie district by surveyed businesses are detailed 

in Table 3-1 for the Adelaide Hills region and Table 3-2 for South Australia as a whole. 

For each measure of economic activity, the impacts at the state level are greater than the sum 

of the regional level impacts. This is to be expected, as the regional impact is simply a 

component, albeit a significant one, of the total state impact. 

The direct impact measures farming, wine making and cellar door activities. The flow-on impact 

measures the economic effects in other sectors of the economy (trade, manufacturing, etc.) 

generated by the direct activities, that is, the multiplier effects. 

Table 3-1 The economic contribution of operating activity, surveyed businesses, Adelaide 
Hills region, 2015/16-2020/21 

  

a Full-time equivalent jobs.  

b Totals may not sum due to rounding. 

c Household income is a component of GRP. 

Source: EconSearch analysis 

                                                             

 

6  In real terms (current 2017 dollars). 

2015/16 2016/17 2017/18 2018/19 2019/20 2020/21

Value of Output ($m) 56.8 59.3 59.4 60.4 61.7 62.2

GRP ($m)

Direct 26.3 29.3 29.3 30.3 31.5 32.0

Flow on (production induced) 11.2 11.2 11.3 11.4 11.5 11.6

Flow on (consumption induced) 5.4 5.6 5.7 6.0 6.3 6.8

Total b 42.9 46.0 46.3 47.6 49.3 50.4

Employment (fte) a

Direct 145 152 155 167 170 172

Flow on (production induced) 109 109 109 110 110 111

Flow on (consumption induced) 36 37 37 39 41 45

Total b 291 298 302 315 321 327

Household Income ($m) c

Direct 10.4 10.7 10.9 11.6 12.3 13.6

Flow on (production induced) 7.7 7.7 7.7 7.8 7.9 8.0

Flow on (consumption induced) 2.3 2.4 2.4 2.6 2.7 3.0

Total b 20.4 20.7 21.1 22.0 22.9 24.6
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Table 3-2 The economic contribution of operating activity, surveyed businesses, South 
Australia, 2015/16-2020/21 

 

a Full-time equivalent jobs.  

b  Totals may not sum due to rounding. 

c Household income is a component of GSP. 

Source: EconSearch analysis 

Value of output... 

For surveyed businesses, the value of output generated directly in South Australia and the 

Adelaide Hills region was $56.8 million in 2015/16 in aggregate (Table 3-1). Output is expected 

to increase by approximately 10 per cent from $56.8 million in 2015/16 to $62.2 million in 

2020/21 (Table 3-1). 

Employment and household income... 

In 2015/16, agriculture and related activity in the Inverbrackie district by surveyed businesses 

was responsible for direct employment of around 145 full-time equivalents (fte) and flow-on 

business activities created employment of around 193 fte jobs state-wide (Table 3-2). The total 

employment contribution in the Adelaide Hills region was estimated to be 291 fte jobs (Table 

3-1) and 338 fte jobs in SA as a whole (Table 3-2). Total employment is expected to increase 

from 2015/16 estimates by approximately 10 per cent in SA and 12 per cent in the Adelaide Hills 

region by 2020/21. 

For the surveyed businesses, personal income of $10.4 million was earned in 2015/16 in the 

Inverbrackie district (wages of employees and estimated drawings by owner/operators) and 

$15.8 million in flow-on activities state-wide (Table 3-2). The total household income 

contribution in the Adelaide Hills region was estimated to be $20.4 million (Table 3-1) and $26.2 

million in SA as a whole (Table 3-2). Total contribution to household income from the surveyed 

businesses is expected to increase by approximately 16 per cent in SA and 21 per cent in the 

Adelaide Hills by 2020/21. 

2015/16 2016/17 2017/18 2018/19 2019/20 2020/21

Value of Output ($m) 56.8 59.3 59.4 60.4 61.7 62.2

GSP ($m)

Direct 26.3 29.3 29.3 30.3 31.5 32.0

Flow on (production induced) 18.7 18.6 18.7 18.7 18.7 18.7

Flow on (consumption induced) 9.9 10.1 10.3 10.7 11.2 12.1

Total b 54.9 58.0 58.3 59.7 61.4 62.8

Employment (fte) a

Direct 145 152 155 167 170 172

Flow on (production induced) 142 141 140 139 139 138

Flow on (consumption induced) 51 52 53 55 58 62

Total b 338 345 349 361 366 373

Household Income ($m) c

Direct 10.4 10.7 10.9 11.6 12.3 13.6

Flow on (production induced) 12.0 12.0 12.0 12.0 12.0 12.0

Flow on (consumption induced) 3.8 3.9 4.0 4.2 4.4 4.8

Total b 26.2 26.5 26.9 27.8 28.7 30.5
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Contribution to GSP and GRP... 

As noted above, contribution to GSP or GRP is measured as value of output less the cost of goods 

and services (including imports) used in producing the output. In 2015/16, total direct industry 

related contribution to GRP was $26.3 million for surveyed businesses (Table 3-1). The flow-on 

effects in the Adelaide Hills region summed to $16.6 million (Table 3-1) while the flow-on effects 

state wide were $28.6 million (Table 3-2). Total contribution to GSP from the surveyed 

businesses is expected to increase by approximately 14 per cent from $54.9 million to $62.8 

million by 2020/21. Likewise, total contribution to GRP for the Adelaide Hills region from the 

surveyed businesses is expected to increase by approximately 17 per cent from $42.9 million to 

$50.4 million by 2020/21. Total contribution to GSP over the six years is estimated to be $355.1 

million (Table 3-2) and total contribution to GRP (Adelaide Hills region) over the same period is 

estimated to be $282.5 million (Table 3-1). 

3.1.2 Agricultural businesses in the Inverbrackie district 

Estimates of the economic contribution in 2015/16 and 5-year projection to 2020/21 of 

agriculture and related activity in the Inverbrackie district are detailed in Table 3-3 for the 

Adelaide Hills region and Table 3-4 for South Australia as a whole. 

Table 3-3 The economic contribution of operating activity, Inverbrackie district businesses, 
Adelaide Hills region, 2015/16-2020/21 

 

a, b, c See footnotes to Table 3-1.  

Source: EconSearch analysis 

2015/16 2016/17 2017/18 2018/19 2019/20 2020/21

Value of Output ($m) 148.4 155.0 155.4 157.8 161.2 162.5

GRP ($m)

Direct 85.9 93.6 93.8 96.3 99.6 100.9

Flow on (production induced) 22.4 22.3 22.4 22.5 22.7 22.8

Flow on (consumption induced) 13.4 13.7 14.0 14.7 15.5 16.9

Total b 121.6 129.6 130.2 133.5 137.7 140.6

Employment (fte) a

Direct 380 398 406 436 443 450

Flow on (production induced) 212 210 210 209 210 210

Flow on (consumption induced) 90 92 93 98 103 112

Total b 681 700 709 743 756 772

Household Income ($m) c

Direct 27.1 27.9 28.6 30.4 32.2 35.7

Flow on (production induced) 14.8 14.8 14.8 14.9 15.0 15.1

Flow on (consumption induced) 5.9 6.0 6.1 6.5 6.9 7.5

Total b 47.7 48.6 49.5 51.8 54.0 58.3
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Table 3-4 The economic contribution of operating activity, Inverbrackie district businesses, 
South Australia, 2015/16-2020/21 

 

a, b, c See footnotes to Table 3-2.  

Source: EconSearch analysis 

Value of output... 

For agricultural businesses in the Inverbrackie district, the value of output generated directly in 

South Australia and the Adelaide Hills is estimated to be approximately $148.4 million in 

2015/16 (Table 3-3). Output is expected to increase by approximately 10 per cent from $148.4 

million in 2015/16 to $162.5 million by 2020/21 (Table 3-3). 

Employment and household income... 

In 2015/16, agriculture and related activity in the Inverbrackie district was responsible for direct 

employment of around 380 fte jobs and flow-on business activities created employment of 

around 413 fte jobs state-wide (Table 3-4). The total employment contribution in the Adelaide 

Hills region was estimated to be 681 fte jobs (Table 3-3) and 793 fte jobs in SA as a whole (Table 

3-4). Total employment is expected to increase from 2015/16 estimates by approximately 10 

per cent in SA and 12 per cent in the Adelaide Hills region by 2020/21. 

Personal income of an estimated $27.1 million was earned in 2015/16 in the Inverbrackie district 

(wages of employees and estimated drawings by owner/operators) and an estimated $33.6 

million in flow-on activities state-wide (Table 3-4). The total household income contribution in 

the Adelaide Hills region was estimated to be $47.7 million (Table 3-3) and $60.7 million in SA 

as a whole (Table 3-4). Total contribution to household income from agricultural businesses in 

the Inverbrackie district is expected to increase by approximately 16 per cent in SA and 21 per 

cent in the Adelaide Hills by 2020/21. 

2015/16 2016/17 2017/18 2018/19 2019/20 2020/21

Value of Output ($m) 148.4 155.0 155.4 157.8 161.2 162.5

GSP ($m)

Direct 85.9 93.6 93.8 96.3 99.6 100.9

Flow on (production induced) 38.9 38.7 38.8 38.7 38.8 38.8

Flow on (consumption induced) 23.9 24.4 24.9 26.0 27.2 29.5

Total b 148.7 156.7 157.4 161.0 165.6 169.1

Employment (fte) a

Direct 380 398 406 436 443 450

Flow on (production induced) 286 283 283 281 280 279

Flow on (consumption induced) 127 129 131 137 143 156

Total b 793 811 820 854 867 885

Household Income ($m) c

Direct 27.1 27.9 28.6 30.4 32.2 35.7

Flow on (production induced) 24.1 23.9 24.0 24.0 24.0 24.0

Flow on (consumption induced) 9.5 9.7 10.0 10.5 11.1 12.1

Total b 60.7 61.5 62.5 64.9 67.2 71.8
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Contribution to GSP and GRP... 

In 2015/16, total direct industry related contribution to GRP was $85.9 million (Table 3-3). The 

flow-on effects in the Adelaide Hills region summed to $35.8 million (Table 3-3) while the flow-

on effects state wide were $62.8 million (Table 3-4). Total contribution to GSP from agricultural 

businesses in the Inverbrackie district is expected to increase by approximately 14 per cent from 

$148.7 million to $169.1 million by 2020/21. Likewise, total contribution to GRP for the Adelaide 

Hills region from the surveyed businesses is expected to increase by approximately 17 per cent 

from $121.6 million to $140.6 million by 2020/21. Total contribution to GSP over the six years is 

estimated to be $958.5 million (Table 3-4) and total contribution to GRP (Adelaide Hills region) 

over the same period is estimated to be $793.2 million (Table 3-3). 

3.2 Economic Contribution of Capital Expenditure  

3.2.1 Surveyed businesses 

Estimates of the economic contribution of capital expenditure by surveyed businesses in the 

Inverbrackie district are detailed in Table 3-5 for the Adelaide Hills region and in Table 3-6 for 

South Australia as a whole. As noted for the operating impacts, the impacts at the state level 

are, as expected, greater than the sum of the regional level impacts.  

The direct impact measures the contributions made by the businesses7 that are the recipients 

of the capital expenditure. The flow-on impact measures the economic effects in other sectors 

of the economy, i.e. those supporting the primary contractors. 

Capital Expenditure... 

The aggregate value of capital expenditure across the eight surveyed businesses averaged $6.1 

million per year over the five years to 2015/16. Projections over the five years to 2020/21 are 

lower ($3.7 million per year on average), although it should be noted that respondents only 

provided estimates for capital expenditures for which they had a high level of confidence. 

                                                             

 

7  Businesses in building and other infrastructure construction and orchard/vineyard development. 
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Table 3-5 Economic contribution of capital expenditure, surveyed businesses, Adelaide Hills 
region, historical and projected 

 
a, b, c See footnotes to Table 3-1.  

Source: EconSearch analysis 

Table 3-6 Economic contribution of capital expenditure, surveyed businesses, South 
Australia, historical and projected 

 

a, b, c See footnotes to Table 3-2.  

Source: EconSearch analysis 

Avg Annual Projected Avg Annual

2011/12 -2015/16 2016/17 -2020/21

Capital Expenditure ($m) 6.1 3.7

GRP ($m)

Direct 1.3 1.0

Flow-on (production induced) 0.8 0.8

Flow-on (consumption induced) 0.3 0.2

Totalb 2.4 2.0

Employment (fte)a

Direct 16 13

Flow-on (production induced) 8 8

Flow-on (consumption induced) 1 1

Totalb 25 22

Household Income ($m) c

Direct 1.1 0.9

Flow-on (production induced) 0.6 0.5

Flow-on (consumption induced) 0.1 0.1

Totalb 1.8 1.5

Avg Annual Projected Avg Annual

2011/12 -2015/16 2016/17 -2020/21

Capital Expenditure ($m) 6.1 3.7

GSP ($m)

Direct 1.9 1.6

Flow-on (production induced) 1.4 1.3

Flow-on (consumption induced) 0.6 0.6

Totalb 3.9 3.5

Employment (fte)a

Direct 17 14

Flow-on (production induced) 11 10

Flow-on (consumption induced) 2 2

Totalb 30 26

Household Income ($m) c

Direct 1.4 1.3

Flow-on (production induced) 0.9 0.9

Flow-on (consumption induced) 0.1 0.1

Totalb 2.5 2.3
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Employment and household income... 

Average annual capital expenditure by the surveyed businesses in the Inverbrackie district over 

the five years to 2015/16 was responsible for direct employment of around 16 fte jobs and flow-

on employment of another 9 fte jobs in the Adelaide Hills region, a total of 25 fte jobs (Table 

3-5). State-wide employment impact was estimated to be 30 fte jobs (Table 3-6). Based on the 

conservative estimates of forecast capital expenditure for the years 2016/17 to 2020/21, the 

projected state-wide employment impact is estimated to be 26 fte jobs on average (Table 3-6). 

Average annual personal income of an estimated $1.8 million over the five years to 2015/16 was 

earned in the Adelaide Hills region as a result of capital expenditure by the eight survey 

businesses, $1.1 million in direct development8 activities and $0.7 million in flow-on activities 

(Table 3-5). For SA as a whole the contribution is slightly higher, the total household income 

effect estimated to be $2.5 million (Table 3-6). Based on the conservative estimates of forecast 

capital expenditure for the years 2016/17 to 2020/21, the projected state-wide household 

income impact is estimated to be $2.3 million per year (Table 3-6). 

Contribution to GSP and GRP... 

The total average annual GRP impact from capital expenditure over five years to 2015/16 was 

estimated to be $2.4 million in the Adelaide Hills region (Table 3-5) and $3.9 million in SA as a 

whole (Table 3-6). Based on the conservative estimates of forecast capital expenditure for the 

years 2016/17 to 2020/21, the projected contribution to GSP is estimated to be $3.5 million per 

year (Table 3-6). 

3.2.2 Agricultural businesses in the Inverbrackie district 

Estimates of the economic contribution of capital expenditure by businesses in the Inverbrackie 

district are detailed in Table 3-7 for the Adelaide Hills region and in Table 3-8 for South Australia 

as a whole. 

Capital Expenditure... 

The aggregate value of capital expenditure by agricultural businesses in the Inverbrackie district 

averaged an estimated $16.0 million over the five years to 2015/16. Projections over the five 

years to 2020/21 are lower ($9.7 million per year on average), although it should be noted that 

this analysis is based on data from surveyed businesses, and as discussed in Section 3.2.1, 

respondents only provided estimates for capital expenditures for which they had a high level of 

confidence. Hence projected impact estimates can be considered conservative. 

                                                             

 

8  Building and other infrastructure construction and orchard/vineyard development. 
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Table 3-7 Economic contribution of capital expenditure, Inverbrackie district businesses, 
Adelaide Hills region, historical and projected 

 

a, b, c See footnotes to Table 3-1.  

Source: EconSearch analysis 

Table 3-8 Economic contribution of capital expenditure by the Inverbrackie district 
businesses, South Australia, historical and projected 

 

a, b, c See footnotes to Table 3-2.  

Source: EconSearch analysis 

Avg Annual Projected Avg Annual

2011/12 -15/16 2016/17 -2020/21

Capital Expenditure ($m) 16.0 9.7

GRP ($m)

Direct 3.5 2.7

Flow-on (production induced) 2.1 2.0

Flow-on (consumption induced) 0.7 0.6

Totalb 6.3 5.3

Employment (fte)a

Direct 41 33

Flow-on (production induced) 22 20

Flow-on (consumption induced) 3 3

Totalb 66 57

Household Income ($m) c

Direct 2.9 2.5

Flow-on (production induced) 1.5 1.4

Flow-on (consumption induced) 0.2 0.2

Totalb 4.6 4.0

Avg Annual Projected Avg Annual

2011/12 -15/16 2016/17 -2020/21

Capital Expenditure ($m) 16.0 9.7

GSP ($m)

Direct 5.0 4.2

Flow-on (production induced) 3.7 3.3

Flow-on (consumption induced) 1.6 1.6

Totalb 10.2 9.1

Employment (fte)a

Direct 44 35

Flow-on (production induced) 28 26

Flow-on (consumption induced) 5 6

Totalb 77 67

Household Income ($m) c

Direct 3.7 3.3

Flow-on (production induced) 2.5 2.2

Flow-on (consumption induced) 0.3 0.4

Totalb 6.5 5.9
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Employment and household income... 

Average annual capital expenditure in the Inverbrackie district by agricultural businesses over 

the five years to 2015/16 was responsible for direct employment of around 41 fte jobs and flow-

on employment of another 25 fte jobs in the Adelaide Hills region, a total of 66 fte jobs (Table 

3-7). State-wide employment impact was estimated to be 77 fte jobs in total (Table 3-8). Based 

on the conservative estimates of forecast capital expenditure for the years 2016/17 to 2020/21, 

the projected state-wide employment impact is estimated to be 67 fte jobs (Table 3-8). 

Average annual personal income of an estimated $4.6 million over the five years to 2015/16 was 

earned in the Adelaide Hills region as a result of capital expenditure by agricultural businesses 

in the Inverbrackie district, $2.9 million in direct development activities and $1.7 million in flow-

on activities (Table 3-7). For SA as a whole the contribution to household income is higher, the 

total household income effect estimated to be an estimated $6.5 million per year (Table 3-8). 

Based on the conservative estimates of forecast capital expenditure for the years 2016/17 to 

2020/21, the projected state-wide household income impact is estimated to be $2.3 million per 

year (Table 3-8). 

Contribution to GSP and GRP... 

The total average annual GRP impact from capital expenditure over five years to 2015/16 was 

estimated to be $6.3 million in the Adelaide Hills region (Table 3-7) and $10.2 million in SA as a 

whole (Table 3-8). Based on the conservative estimates of forecast capital expenditure for the 

years 2016/17 to 2020/21, the projected contribution to GSP is estimated to be $3.5 million per 

year (Table 3-8). 
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Disclaimer 

The assignment is a consulting engagement as outlined in the ‘Framework for Assurance 

Engagements’, issued by the Auditing and Assurances Standards Board, Section 17. Consulting 

engagements employ an assurance practitioner’s technical skills, education, observations, 

experiences and knowledge of the consulting process. The consulting process is an analytical 

process that typically involves some combination of activities relating to: objective-setting, fact-

finding, definition of problems or opportunities, evaluation of alternatives, development of 

recommendations including actions, communication of results, and sometimes implementation 

and follow-up. 

The nature and scope of work has been determined by agreement between BDO and the Client. 

This consulting engagement does not meet the definition of an assurance engagement as 

defined in the ‘Framework for Assurance Engagements’, issued by the Auditing and Assurances 

Standards Board, Section 10. 

Except as otherwise noted in this report, we have not performed any testing on the information 

provided to confirm its completeness and accuracy. Accordingly, we do not express such an audit 

opinion and readers of the report should draw their own conclusions from the results of the 

review, based on the scope, agreed-upon procedures carried out and findings. 
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EXECUTIVE SUMMARY 

Bird in Hand Winery commissioned BDO EconSearch to review an economic impact assessment of the 

proposed Bird in Hand Gold Mine development. The impact assessment was conducted by consulting firm 

Economic Research Consultants (ERC). 

The ERC report used an input-output modelling framework to estimate the indirect impact of the Bird in 

Hand gold mine (henceforth referred to as “the mine”) and Strathalbyn processing plant. Input-output 

models are an appropriate analytical framework for an impact study of this sort and have been applied in 

many similar studies, particularly those involving analysis at regional and state levels. The report does not 

detail the assumptions made in estimating consumption-induced effects. Without explanation to the 

contrary, it seems that the gross wage payments attributable to the mine (directly and indirectly) has been 

treated as a net increase in regional household expenditure. This implicit assumption has undoubtedly led 

to an overestimation of economic impact.  

The economic model used a highly aggregated 20-sector formulation. This means the inter-industry 

responses specified in the model are simply averages across a potentially wide range of values. In this 

aggregated formulation, the economic responses of typically diverse industries are lost and the estimated 

responses will potentially obscure the unique impact of the economic shock (the new industry). This 

averaging approach will reduce precision in the estimates and is likely to introduce an unknown level of 

error in the results. 

In assessing the potential positive impacts of the proposed mine development, the ERC report indicates a 

high level of indirect economic impact relative to the direct impact, i.e. high multiplier effects. This reflects 

a modelling assumption of high levels of locally purchased inputs (services and materials) and labour. 

However, in a relatively open economy such as the Adelaide Hills, which is adjacent to a large city, most 

industries located in the region have the option of sourcing a significant proportion of inputs and labour 

from outside the region. This could have been addressed in the ERC report with a simple sensitivity analysis 

to show how sensitive the economic impact results are to a reasonable range of import coefficients.  

The scenarios analysed focus on the economic contribution of the project, including transport and 

processing, and the possibility of offsetting economic contribution linked to negative impacts of mine 

development. Whilst these scenarios seem reasonable, the scope of the actual anlaysis was extremely 

limited, particularly in relation to possible negative impacts. The risks of negative impacts are referred to 

as improbable but might occur. These are principally related to impacts to land and visitation via the issues 

of traffic congestion and pollution.  

For grape growers, wineries and other significant agricultural businesses however, there are also likely to 

be impacted from the risk of contaminated and/or reduced ground water supply. The report dismisses these 

risks as insignificant (page 14 of the report) and were not considered in the analysis. In reviewing the reports 

provided by Terramin supporting the Bird in Hand Gold Project Mining Lease Application MC-4473, WGA 

(2019, p. 4), commented that the proposed use of managed aquifer recharge and particularly the 

Groundwater Trigger Action Response Plan, “as presented does not adequately address all the potential 

risks, nor does it set out management triggers to address clogging or geochemical reactions such as elevated 

arsenic or management associated with artesian conditions resulting from the managed aquifer recharge.”  

WGA (2019, p. 4) concluded that the “Significant risks to water quality and existing users have not been 

adequately identified in the work that has been undertaken concerning the option to adopt managed aquifer 
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recharge as a water management strategy for the proposed Bird in Hand gold prospect.” Clearly these risks 

represent possible negative impacts that should have been considered in the ERC economic impact report. 

By using the method described above and ignoring the errors introduced, the 2016 Census data shows that 

employment in grape growing and wine and other alcoholic beverage manufacturing for the region is 258 

jobs. This figure for 2011 was 166 jobs. This demonstrates that the report underestimated the employment 

of the surrounding grape growing and wine making industries. The report states that there are small levels 

of other agricultural activity in the area of concern but they would generally be small. This dismisses the 

risk to other important high value horticulture businesses, for example, a pome fruit orchard and a 

strawberry farm. 

Related to the above, the ERC report is inconsistent in its treatment of potential positive and negative 

impacts arising form the proposed development. While the data and assumptions relating to the potential 

positive economic impact of the mine are treated as certain (maximum values with 100% certainty, e.g. all 

direct and indirect jobs will be taken by people who are either current residents or will become residents 

of the region) while recognising the uncertainty of any negative impacts by assigning probabilities to 

alternative outcomes.  

Another example of the inconsistent treatment of positive and negative economic impacts in the ERC report 

relates to the reference time period. The potential positive impacts of the mine and processing facility are 

presented as a total over the construction, operation and rehabilitation phases of the project. However, 

the potential negative impacts on the surrounding activities are estimated for one year. For example, the 

report concludes that the risk to other economic activities in the area is low. The worst case scenario impact 

was reported as 42 fte and $3.4m in GRP which, assuming this is limited to the 8 years of the mine life, the 

impact would be 8 times this estimate, i.e. 336 annual fte and $27.2m.  

Further understating the potential negative outcomes, these “offsetting” negative impacts are described as 

a “worst case situation” (p.3). However, because probability of occurrence has been applied to a range of 

impacts, the probability weighted values that have been reported (42 fte and $3.4 million of value added 

(p. 19)) should be interpreted as “expected values” rather than a “worst case situation”. 
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1. INTRODUCTION 

Bird in Hand Winery commissioned BDO EconSearch to review an economic impact assessment of the 

proposed Bird in Hand Gold Mine development. The impact assessment was conducted by consulting firm 

Economic Research Consultants. 

Bird in Hand Winery tasked BDO EconSearch to review the following aspects of the report: 

 modelling approach employed 

 economic model used 

 reasonableness of scenarios modelled 

 validity of assumptions used in the modelling 

 quality of the data used in the modelling 

 reliability of the results 

 interpretation of the results 

 any other considerations. 

BDO EconSearch was provided with a final report of the assessment: Economic Impact of the Bird in Hand 

Gold Mine on South Australia and Regions, dated November 2017 (Economic Research Consultants 2017) and 

henceforth referred to as “the report”. 

The report has several audiences, who will be interested in different types of content: some audiences will 

want a short report that focuses on results while others will want more information on the research method 

used. We have not reviewed the terms of reference of the report and thus we have not considered whether 

the report delivers against that terms of reference. The following comments are generic to an economic 

impact report of this nature. 
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2. MODELLING APPROACH EMPLOYED 

The report used an input-output modelling framework to estimate the indirect impact of the Bird in Hand 

gold mine (henceforth referred to as “the mine”) and Strathalbyn processing plant. Input-output models are 

an appropriate analytical framework for an impact study of this sort and have been applied in many similar 

studies, particularly those involving analysis at regional and state levels. 

One aspect of modelling not detailed clearly in the report relates to the estimation of consumption-induced 

effects. These impacts arise from the expenditure in the region of income earned by people directly 

employed in the mine and the expenditure of income earned by people working in jobs generated indirectly 

by the mine. 

Implicit in the description in the report of the modelling and data is the assumption that all of the 

employment generated by the mine and processing, directly and indirectly, will be new jobs in the region, 

and will generate new expenditure of income in the region. This implies that these people will be either: 

(i) moving into the region to fill the required jobs and will spend income in the region, expenditure that 

was not previously occurring; or (ii) existing residents who are currently unemployed and not spending any 

money in the region.  

On a number of grounds this seems an unreasonable assumption, which will lead to an overestimation of 

economic impact. Firstly, as shown in Table 6-1 (below), there were over 1,100 more employed residents in 

the Lobethal-Woodside SA2 in 2016 than there were jobs in the region. Given this significant difference in 

the number of jobs in the region and the number of employed residents, it is highly likely that some of the 

new jobs generated by the mine will be taken by people currently living in the region but working elsewhere. 

Where new jobs are taken by current residents, the only circumstances under which the income earned by 

those residents will fully impact the local economy is where the local residents were previously unemployed 

and were not drawing unemployment or other benefits, i.e. not spending any earnings. It would be 

reasonable to expect that many of the local residents taking new mine related jobs would be already 

employed, in which case their local expenditure would only increase marginally (due to a higher wage), if 

at all. For previously unemployed residents, the increase in local expenditure would be determined by the 

differential between their wage and unemployment benefits. In either case, the net effect of mine related 

income expenditure by existing residents will be significantly less than estimated under the modelling 

approach adopted in the ERC report. 

A second concern relates to the jobs (direct and indirect) that will be taken by people not currently living 

in the region. The modelling approach in the ERC report has assumed that this group will spend their income 

in the region and that this will be “new” expenditure. For this local expenditure to be fully realised, these 

people would need to become residents of the region. The problem with this assumption is that some of 

these people currently living outside the region will continue to do so and will simply commute to the region 

to work. The most recent data suggests that at least 50 per cent of current jobs in the region are held by 

people living elsewhere1. For this group of commuters, only a small percentage of their income will be spent 

in the region, contrary to the modelling assumption that the expenditure profile, including the proportion 

spent locally, would be similar to that of residents. This is especially the case for mining jobs which typically 

have high wages and are highly sought after.  

                                                 

1  The ABS ‘journey to work’ data show that, in 2011, 51% of jobs in the Lobethal-Woodside SA2 region were held by people living 
outside the region. By 2016 this had increased to almost 56% (ABS TableBuilder). 
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By not considering the likely employment status of new employees (many will be currently employed) or 

their propensity to move to the region to live (i.e. by assuming all wage payments represent new 

consumption expenditure), the consumption induced impacts reported in the ERC are likely to be 

significantly overstated.  
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3. ECONOMIC MODELS USED 

Region of models 

Regional impacts of the Gold Mine were assessed for the Adelaide Hills region. Impacts for the processing 

facilities at Strathalbyn were assessed for the Fleurieu and KI region. 

The Adelaide Hills, Fleurieu and KI Regional Development Australia (RDA) commissioned RISE models for the 

whole RDA region but also for Adelaide Hills, Fleurieu and KI regions separately. As such, impacts for the 

processing facilities could have been assessed using a more appropriate region of the Fleurieu Peninsula 

economy (excluding KI).  

Year of models 

The analysis used 2011/12 models. The IO table data were updated allowing for inflation and productivity 

over time. It would have been preferable to use models based on more recent data. By using a model from 

2011/12 it assumes there have been no changes in the structure of the regional economies. This, in itself, 

could introduce could introduce errors into the economic impact estimates. 

Number of industry sectors 

The study used 20-sector IO models. By using such an aggregated specification (by comparison, the standard 

RISE model has 78 sectors separately specified), it reduces the precision of the analysis. With such a small 

number of sectors, individual construction and operating expenditure items will be aggregated into a 

relatively small number of broad expenditure categories to align with the model’s sector definitions. These 

broadly defined expenditures are then applied to model coefficients that represent the nature of the 

regional economic response. Under a 20-sector formulation, however, these responses will be simply 

averages across a potentially wide range of values. In this process, the economic responses of typically 

diverse industries are lost and the estimated responses will potentially obscure the unique impact of the 

economic shock (the new industry). This averaging approach will reduce precision in the estimates and is 

likely to introduce an unknown level of error in the results. 
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4. REASONABLENESS OF SCENARIOS MODELLED 

The report analyses the following scenarios: 

1) Economic contribution of the project including transport and processing 

a. Project investment and operation 

b. Possibility of extended impacts of the development 

2) Possibility of offsetting economic contribution linked to negative impacts of mine development on 

existing or potential future land uses. 

a. Potential impact on surrounding land uses 

b. Alternative use of project land 

Whilst these scenarios seem reasonable, it is not possible to replicate the economic modelling to confirm, 

or otherwise, the anticipated contribution to the local economy. No detail was provided on the industries 

where expenditure is expected to occur, nor on the level of expenditure in the local economy. 
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5. VALIDITY OF ASSUMPTIONS USED IN THE MODELLING 

The ERC report focuses on the issue of traffic congestion and pollution impacting surrounding grape growing 

and wine making businesses. However, the grape growers, wineries and other significant agricultural 

businesses are more likely to be impacted from the risk of contaminated and/or reduced ground water 

supply. The report dismisses these risks as insignificant (page 14 of the report) and were not considered in 

the analysis. In reviewing the reports provided by Terramin supporting the Bird in Hand Gold Project Mining 

Lease Application MC-4473, WGA (2019, p. 4) commented that the proposed use of managed aquifer 

recharge and particularly the Groundwater Trigger Action Response Plan, “as presented does not adequately 

address all the potential risks, nor does it set out management triggers to address clogging or geochemical 

reactions such as elevated arsenic or management associated with artesian conditions resulting from the 

managed aquifer recharge.” 

The high level of indirect economic impacts in the ERC report suggest a high level of locally purchased inputs 

(services and materials) and labour. However, no sensitivity analysis was undertaken to show the impact of 

changing this uncertain assumption. As discussed in Section 2 above, there are strong grounds to question 

the implicit assumption that all household income (direct and indirect) generated by the development, 

including the proportion spent locally, would be similar to that of residents.  

It is inconsistent to treat all data and assumptions relating to the economic impact of the mine as certain 

(maximum values with 100% certainty, e.g. all direct and indirect jobs will be taken by people who are 

either current residents or will become residents of the region) while recognising the uncertainty of any 

negative impacts by assigning probabilities to alternative outcomes.  

The risks of negative impacts are referred to as improbable but might occur. These are principally related 

to impacts to land and visitation but the potentially larger risk is to groundwater and this has not been taken 

into account.  
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6. QUALITY OF DATA USED IN THE MODELLING 

Employment data 

Table 2 of the report provided estimates of the employment base of the region. The table was incorrectly 

labelled as referring to the Lobethal Woodside Statistical Local Area. Despite the labelling error, the data 

were able to be replicated for the Lobethal-Woodside SA2. Data for grape growing and wine and other 

alcoholic beverage manufacturing sectors were extracted from ABS TableBuilder at the Australian and New 

Zealand Standard Industry Classification (ANZSIC) 4 digit level. Data for the remaining sectors were 

extracted at the ANZSIC 1 digit level. This method of aggregating industry sectors introduces errors. This is 

due to the fact that there is employment in undefined sectors. For example, in the agricultural sectors (e.g. 

agriculture, forestry and fishing not further defined (NFD), agriculture NFD and fruit and tree nut growing 

NFD) some of the employment is likely to occur in the grape growing sector. However, by using the 

aggregated 1 digit level employment data this employment will be included in other agriculture, forestry 

and fishing.  

Another issue with these data is that 2016 census data are now available. Data for 2011 (replicated from 

the Economic Research Consultants report) and 2016 are presented in Table 6-1. 

Table 6-1 Employment by industry, Lobethal-Woodside SA2, 2011 and 2016 

  
Counting Employed 

Persons, Place of Work   
Counting Employed Persons, 

Place of Usual Residence 

  2011 2016   2011 2016 

Grape growing 56 64   46 34 

Other agriculture, forestry and fishing 276 300   265 261 

Mining 13 13   53 51 

Wine and other alcoholic beverage manufacturing 110 194   64 71 

Other manufacturing 372 386   383 310 

Electricity, gas, water and waste services 27 23   59 56 

Construction 209 269   379 387 

Wholesale trade 105 172   162 155 

Retail trade 304 314   444 421 

Accommodation and food services 194 217   213 213 

Transport, postal and warehousing 99 87   134 146 

Information media and telecommunications 3 5   55 46 

Financial and insurance services 33 22   114 98 

Rental, hiring and real estate services 28 25   57 54 

Professional, scientific and technical services 119 110   243 254 

Administrative and support services 72 82   161 160 

Public administration 473 303   385 354 

Education and training 213 240   396 418 

Health care and social services 231 241   544 572 

Arts and recreation services 27 32   61 62 

Other services 98 102   183 164 

Inadequately described/not stated 28 113   82 152 

Total 3,090 3,305   4,483 4,439 

Source: ABS TableBuilder 
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By using the method described above and ignoring the errors introduced, the 2016 Census data shows that 

employment in grape growing and wine and other alcoholic beverage manufacturing for the region is 258 

jobs. This figure for 2011 was 166 jobs. This demonstrates that the report underestimated the employment 

of the surrounding grape growing and wine making industries. The report states that there are small levels 

of other agricultural activity in the area of concern but they would generally be small. This dismisses the 

risk to other important high value horticulture businesses, for example, a pome fruit orchard and a 

strawberry farm. 

Literature 

Several published studies were cited to provide qualitative support to the conclusion that the risk to other 

economic activities is low. However, we have found that this literature is of limited relevance for either 

being from an incomparable region or for being too general. 

The first bullet point (p. 16 of the report) refers to literature citing the Hunter Valley as a community where 

mining and agriculture coexist. This implies that the Adelaide Hills wine region is similar to the Hunter 

Valley wine region which, for the following reasons, is questionable: 

 Hunter Valley covers a much larger area than the Adelaide Hills. The Adelaide Hills region is only 9 

per cent of the size of the Hunter Valley region (2,167 square kilometres (Vinehealth Australia 2019) 

compared to 23,587 square kilometres for the Hunter Valley (Wine Australia 2019)).  

 The density of winegrape growing is much higher for the Adelaide Hills compared with the Hunter 

Valley (1.8 per cent2 and 0.06 per cent3 of total area planted to wine grapes, respectively). This 

indicates that the Adelaide Hills region is a much more intensive wine and grape growing region 

than Hunter Valley and, therefore, any mining development is likely occur in closer proximity to 

vineyards and wineries and potentially have a larger impact.  

 There is a significant area of intensive horticulture in the Adelaide Hills (apples, pears, cherries, 

strawberries, etc.) which is not a feature of the Hunter Valley, further. The Hunter Valley has a 

total of 103ha of fruit and nut growing (excluding grapes) (Abs 2019a) compared to 832 ha for the 

Lobethal-Woodside SA2 (ABS 2017). Given the relative size of the two regions this demonstrates the 

intensive nature of horticulture in the Adelaide Hill compared to the Hunter Valley. 

The report cites two international reports, International Institute for Environment and Development (2002) 

and World Bank and International Finance Corporation (2002), which speak in generalised terms about 

opportunities for “the mitigation of impacts” … “in the context of potentially serious disruption”. These 

reports are simply too broad in scope to be relevant to the proposed development. 

The final reference, SACES (2013), demonstrates mining projects on the Eyre Peninsula having only positive 

impacts on regional economic activity. However, the Eyre Peninsula and Adelaide Hills regions have very 

few similarities. For example, the alternative land use on the Eyre Peninsula has relatively little value, with 

                                                 

2  3,830ha planted (Wine Australia 2018) divided by total area of 216,700ha (Vinehealth Australia 2019). 

3  1,453ha planted (ABS 2019a) divided by total area of 2,358,700ha (Wine Australia 2019). 
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an average of $188/ha for agriculture4, there is little use of ground water irrigation and there is little 

tourism. These proposed mining developments are in a region where there is a relatively low level of land 

use conflict and are, therefore, not examples that have any direct relevance to developing and operating a 

mine in the Adelaide Hills adjacent to high value viticulture, horticulture and wine producing businesses. 

There are many examples of recently reported conflict between mining developments and intensive 

agriculture/horticulture/tourism. For example, the West Australian reported in June 20185 on mining 

applications in the Margaret River region. In total four new applications were submitted which faced 

opposition from the local council (Shire of Augusta Margaret River). The Council’s Sustainable Development 

Director, Dale Putland, said the council opposed the leases being granted because there was “potential for 

significant impact on the tourism and wine industries” and on “the Margaret River brand”.  

This follows a declaration in 2012 by the West Australian mines minister Norman Moore that there will be 

no coal mining in the State's Margaret River region. According to an Australian Mining6 report, EPA indicated 

that coal mining and LD Operations explorations posed an unacceptable environmental risk, of which advice 

is to be applied to the whole of the coal mineralisation extending through the identified 230-square 

kilometre zone and applications for coal exploration or mining should not be supported. 

In February 2019 The Guardian related the outcomes of a court hearing regarding the Rocky Hill mine near 

the Hunter Valley town of Gloucester, NSW7. Judge Preston ruled that the mine will not go ahead because 

of its impact on the town and ‘dire consequences’ of increasing emissions. The Judge said “A consent 

authority cannot rationally approve a development that is likely to have some identified environmental 

impact on the theoretical possibility that the environmental impact will be mitigated or offset by some 

unspecified and uncertain action at some unspecified and uncertain time in the future”. 

The impact of mining on ground water in the Hunter Valley was reported in the Sydney Morning Herald on 

June 20188. The article cited an Australian Government Bioregional Assessment report9 stating 22 planned 

new/expansion of coal mines planned for the Hunter Valley could cause groundwater levels to drop. A report 

found the 40 open cut and underground coal mines had affected about a quarter of the overall Hunter 

region. The effects on groundwater diminish with distance from mines. Still, the report found it was "very 

likely" that at least 35 square kilometres would experience a drawdown of at least five metres from the new 

mines, while an area of at least 121 square kilometres would endure at least a two-metre drop. Surface 

water impacts from the additional projects had the potential to affect 1228 kilometres of streams. Water 

losses included a 50 per chance of a 4.5 gigalitre per year loss of flow at Singleton. The mines could 

potentially be affecting farming regions. 

                                                 

4  Total value of agricultural production in the Eyre Peninsula Natural Resource Management (NRM) region in 2017/18 of approximately 
$590m (ABS 2019b) covering 3.14m hectares (ABS 2019a). 

5  https://thewest.com.au/news/wa/margaret-river-mining-application-by-peter-romeo-gianni-reignites-old-fears-ng-b88869862z 

6  https://www.australianmining.com.au/news/wa-bans-coal-mining-in-margaret-river-region/ 

7  https://www.theguardian.com/australia-news/2019/feb/08/court-rules-out-hunter-valley-coalmine-climate-change-rocky-hill 

8  https://www.smh.com.au/environment/sustainability/massive-impact-coal-mining-s-effect-on-the-hunter-water-tallied-
20180606-p4zjro.html 

8  https://www.bioregionalassessments.gov.au/assessments/hunter-subregion 

 

https://thewest.com.au/news/wa/margaret-river-mining-application-by-peter-romeo-gianni-reignites-old-fears-ng-b88869862z
https://www.australianmining.com.au/news/wa-bans-coal-mining-in-margaret-river-region/
https://www.theguardian.com/australia-news/2019/feb/08/court-rules-out-hunter-valley-coalmine-climate-change-rocky-hill
https://www.smh.com.au/environment/sustainability/massive-impact-coal-mining-s-effect-on-the-hunter-water-tallied-20180606-p4zjro.html
https://www.smh.com.au/environment/sustainability/massive-impact-coal-mining-s-effect-on-the-hunter-water-tallied-20180606-p4zjro.html
https://www.bioregionalassessments.gov.au/assessments/hunter-subregion
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The Newcastle Herald reported in May 201810 a warning made by NSW Water representatives to the state’s 

Department of Primary Industries that the proposed Bylong coal mine could cause the Bylong River and 

creeks to “dry up” and cause an alluvial aquifer in the premium agriculture area to be “dewatered”. Seven 

water impact scenarios would potentially result in sections of the Bylong River to cease flowing. The 

Department of Primary Industries documents show the proposed Kepco mine – the first in the Bylong valley 

– poses a “risk to government” because the security of water supply to the project “will not be sufficient 

under drought conditions”. The ABC News website reported on 18 September 201911 that the Bylong Valley 

coal mine has been refused development consent by an independent planning panel, citing concerns about 

"long-lasting environmental, agricultural and heritage impacts". 

Alternative use of project land 

As stated in the ERC report, the mine site was previously used as a dairy farm and for potato production. It 

was then sold to a group who applied to council to develop it for viticulture. This did not eventuate and 

two-thirds of the property was sold and developed as sporting grounds by the Adelaide Polo Club with the 

remaining third sold to Terramin for the mine.  

The report looks at the value of dairy, potatoes and grape production as alternative uses of the project 

land. There are now very few dairies and potato farms operating in the Adelaide Hills. Land use now favours 

high value viticulture and horticulture with some beef cattle farming. The 2016 Census employment data 

indicates there were only 9 jobs in dairy farming and 12 for all vegetable growing. Erroneous comparison of 

industries and alternative land uses demonstrates a poor level of understanding of the risks to surrounding 

economic activity. 

Whilst viticulture is an appropriate alternative use of project land, the calculation of the value per hectare 

references data for the whole of Australia rather than the Adelaide Hills region. This underestimates the 

production value for the Adelaide Hills where quality and therefore prices received are much higher than 

averages across Australia. For the 2018 vintage, the Adelaide Hills farm gate value for viticulture was $9,821 

per hectare12. This is almost 50 per cent higher than the equivalent value for Australia referenced in the 

report of $6,650 per hectare. 

Using ABS agricultural statistics13 apple production was $2,530/t with yield of 40t/ha14, which gives a farm-

gate value of approximately $100,000/ha. 

Using these two more appropriate land uses means that the annual farm-gate value of production for the 37 

hectares would be between $363,000 and $3.7m, and not between $74,000 and $1.2m as indicated in the 

report. 

                                                 

10  https://www.newcastleherald.com.au/story/5398621/when-the-river-runs-dry-in-coal-country/ 

11 https://www.abc.net.au/news/2019-09-18/bylong-coal-mine-proposal-knocked-back/11523856 

12  Wine Australia 2018, National Vintage Report 2018. Total production for Adelaide Hills was 27,318t and with 3,830ha planted 
implies a yield of 7.21t per ha. With an average price of $1,377/t means a value of $9,821/ha. 

13  20,541t (ABS 2019a) for a gross value of $51,975,261 (ABS 2019b) for apple production in the Adelaide and Mount Lofty Ranges 
NRM region in 2017/18. 

14  Ranging between 25t and 100t per hectare (Natural Logic and EconSearch 2015) 

https://www.newcastleherald.com.au/story/5398621/when-the-river-runs-dry-in-coal-country/
https://www.abc.net.au/news/2019-09-18/bylong-coal-mine-proposal-knocked-back/11523856
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7. RELIABILITY OF THE RESULTS 

Economic impacts for the mine and processing facility are a total over the construction, operation and 

rehabilitation phases of the project. However, the potential impact on the surrounding activities are 

estimated for one year. This inadequately compares the positive impacts generated by the mine against the 

negative impacts to surrounding activities. 

In addition, if damage is done to the ground water, the effect could be long–term, or even permanent, and 

the negative impact on surrounding activities would be much higher.  
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8. INTERPRETATION OF THE RESULTS 

The report provides relatively aggregated results. Some outcomes that could be reported include: 

 Disaggregation of contributions presented in Table 1 into ‘direct’ and ‘indirect’ contributions. 

 Disaggregation of the indirect contributions into production induced (business to business effects) 

and consumption induced (household to business effects). 

 Disaggregation of the indirect contributions by key industries. Some industries are listed in the 

second bullet point of p.18, but no quantified results provided. 

 Separation of contributions generated by operating expenditure and those generated by capital 

expenditure. 

The report concludes that the risk to other economic activities in the area is low. However, the worst case 

scenario impact was reported as 42 fte and $3.4m in GRP which, assuming this is limited to the 8 years of 

the mine life, the impact would be 8 times this estimate, i.e. 336 annual fte and $27.2m.  

As noted above, these “offsetting” negative impacts are described as a “worst case situation” (p.3). 

However, because probability of occurrence has been applied to a range of impacts, the probability 

weighted values that have been reported (42 fte and $3.4 million of value added (p. 19)) should be 

interpreted as “expected values” rather than a “worst case situation”. 
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9. ANY OTHER CONSIDERATIONS 

The feasibility of updating the study for 2018/19 

The study used 2016/17 data. By chance, 2016/17 may have been a good year to choose for the study, as 

gold prices were average, and thus the year represents an ‘average’ year. We do not believe that much 

would be gained by re-estimating the results for 2018/19. However, it would be helpful to comment on the 

reference year and how gold prices or economic conditions in that year may have influenced the results. It 

would also be helpful to make comment, in general terms, on how the patterns of revenue and expenditure 

are likely to vary if gold prices fall and what that variation is likely to mean for the economic contribution 

of the mine. 

Errors 

Figure 4 is labelled as a statistical local area (SLA) but the figure is for a statistical area 2 (SA2). 

Similarly, data in Table 2 is labelled for the SLA but is for the SA2. 
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Identity of expert 

 This report has been written by Dr Richard Phillip Hamilton B.Sc. (Hons), 1974, 
and Ph.D. (1979) University of Adelaide, Graduate Diploma in Wine (1981) 
Roseworthy Agricultural College. Appendix 1 sets out my relevant experience. 

Instructions for this report 

 I was engaged to prepare a report on behalf of Accolade Wines Australia Limited 
by Ms Kate Brandon, Partner, HWL Ebsworth Lawyers. 

Facts and information relied upon 

 The facts and information relied on include an application made by Terramin to 
the Minister for Energy and Mining in South Australia for a mining lease in order 
to commence mining of the Bird in Hand gold deposit, which is located on the 
land owned by Terramin Exploration Pty Ltd (Bird-In-Hand Mine).  

 The Application has been published on Terramin's website. The Application 
addresses the agricultural impact of the Bird-In-Hand Mine at Chapter 22 and 
Appendix U1.  

https://www.terramin.com.au/projects/bird-in-hand-gold-project-mining-lease-application/ 

 Appendix 2 contains a list of documents that have been referred to in preparing 
this report. 

Practice note compliance requirement  

 I acknowledge that I have read, understood and complied with the relevant rules 
and practice directions relating to expert reports from Supreme Court of South 
Australia. 

Executive Summary 

 The application made by Terramin Australia Limited (TAL) has been made to 
allow consideration of the commencement of mining of the Bird in Hand gold 
deposit on land owned by Terramin Exploration Pty Ltd (Bird-in-Hand mine). 

 The TAL application cites an Agricultural Impact Assessment prepared by Ashley 
Keegan of FABAL operations (FOPS). 

 The FOPS report provides analysis, from a viticultural perspective, of the risks 
through an impact assessment of the risks cited in the application. 

 Both documents fail to acknowledge the risk in the mining process to the 
underground water supply and that this has the potential to threaten the viability 



 

3 
Doc ID 665597733/v1 

of vineyard assets with a 40-100-year life span in order to enable short term 
access (less than ten years) to a gold deposit. 

 To mitigate this risk, both documents support the introduction of Managed 
Aquifer Recharge program (MAR) to mitigate any unforeseen problems to the 
underground water supply during the dewatering stage of the mining process. 

 The MAR program itself has risks associated with it and adds to the complexity 
of the risk of mining to the underground water resource.  While I am not an expert 
in relation to the risks of MAR, in this report I have outlined areas of concern from 
a viticultural perspective.   

Review of Chapter 22 and Appendix U1, Agricultural Risk Assessment 

 Chapter 22 refers to Appendix U1 which consists of an Agricultural Impact 
Assessment prepared by Ashley Keegan of FABAL Operations Pty Ltd. This 
document was commissioned by Terramin Exploration Pty Ltd. 

 The Fabal document (FOPS) lists several limitations in its introduction.  

14.1 That FOPS relied on the technical information provided by TAL and 
consultants to TAL and that it did not undertake any independent analysis of 
the accuracy of those technical reports. 

14.2 FOPS relied on data and consultant reports at the time which the report was 
prepared (final version June 14, 2017) and that some of that material was in 
draft form. FOPS asserted at that time that the opinions formed, and impact 
assessments, may need to be amended 

14.3 FOPS stated that its expertise is in agriculture production systems only and 
that they have no expertise in mining related activities. 

14.4 FOPS indicated that it has not undertaken the following in relation to 
surrounding agricultural enterprises; 

14.4.1 Site inspections,  

14.4.2 Review of productivity data, soil or plant tissue results. 

14.4.3 Review of individual operational practices  

14.4.4 On this basis it has assumed that factors are in line with general best 
agricultural practice and regional industry specific norms. 

Potential Airborne Agricultural Risk Sources 

 In May 2017, TAL commissioned an Air Quality Impact Assessment (AQIA) by 
AECOM Australia Pty Ltd. 

 The 2017 AQIA review will provide a baseline reference for any future issues in 
relation to the factors addressed. 
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 The FOPS report does not identify significant risks in relation to the listed 
Potential Airborne Agricultural Risk Sources. 

Dust Particulates 

 

 The FOPS report concludes that based on the data outlined in the example 
Angas Zinc Mine Environmental Monitoring Program (EMP) “it is difficult to 
conceive any impact above and beyond the normal background intrinsic activities 
(spraying, slashing, etc.) already underway in the adjacent vineyards”. 

 I agree with the FOPS report comment that it is unlikely that dust will have any 
detrimental impact on grapevine photosynthetic activity. 

 However, the FOPS report does not mention the potential impact of increased 
dust levels on Mite and Scale populations in vineyards.  

20.1 Vines adjacent to unsealed roads may harbour mites, particularly when 
stressed, under dusty conditions. 

20.1.1 Spider mites are reported as causing damage to vine leaf surfaces in 

California in vines adjacent to headlands and roadways. Spider mites 

are found in cereal crops in Australia h=but have not been reported in 

vineyards to date 

20.1.2 Two-spotted mites will also build up populations under these 

conditions on vines and are also reported in citrus in Australia. 

20.1.3 Damage to the vines through these types of mite is usually minimal 

under benign growing conditions although populations may build up to 

harmful levels when vines are under stress. 

20.1.4 Management would be achieved by reducing dust levels and applying 

a targeted miticide spray program for control, following spray 

guidelines as defined in the AWRI “Dog book”1 

20.2 Vines adjacent to unsealed roads may harbour scale under dusty conditions, 
and particularly when stressed. 

20.2.1 Scale is an ongoing issue in vineyards in the region and is associated 

with sooty mould, which develops as infections on the sugary liquid 

excreted by scale. 

                                                      

1 https://www.awri.com.au/files/attachment/dog-book/ 
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20.2.2 Sooty mould has been associated with wine taint in relatively low levels 

of incidence and rejection of fruit may occur at incidence levels of sooty 

mould on grapes as low as 3-5%. 

20.2.3 Management steps would include reducing dust levels and extending 

existing targeted spray programs for the control of scale. These 

programs would also control sooty mould as it is dependent on the 

presence of the scale exudate. 

 Further, the FOPS report does not mention difficulties with spray applications 
on dusty vines in terms of interference with coverage through inadequate 
wetting and spread of applied chemicals.  The level of dust contamination 
would have to be extensive to cause significant damage to vines. 

Metalliferous contaminants transfer to adjoining agricultural crop and land 

 

 I agree with the discussion in the FOPS report regarding the application of 
Copper and Sulphur, both as compounds and in elemental forms. 

 Although Chapter 22 of the TAL application correctly recognises that vineyard 
fungicide applications can result in accumulative soil concentrations of Copper, 
it does not acknowledge that the grape and wine industry is aware of, and is 
increasingly monitoring, the potential impact on soil biology.  

 However, the risk of introducing other heavy metal contaminants through 
mining activities creating dust, enters new territory. 

 The FOPS report mentions an intensive air monitoring program which is 
desirable in order to ensure human safety (e.g. OHSW for vineyard workers) as 
airborne material may significantly increase health risks. Monitoring for the 
movement of other heavy metal hazards e.g. cadmium (Cd), Arsenic (As), 
Chromium (Cr), Lead (Pb), etc is a prudent practice in relation to mining 
activity. 

 Whilst these compounds are most often associated with weathering rock, the 
mining process may have impact on ambient levels.  

 The FOPS report states that the modelling applied in the AECOM report claims 
that the “residual risk on adjoining agricultural activity or land is low” but does 
not include consideration of the potential impact on vineyard personnel. 

Chemical Contaminants 

 

 The FOPS report recommends that the use of all chemicals, in a similar context 
to metalliferous risk factors, be considered in relation to airborne chemical 
trespass events.  
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 The wine industry manages this risk through Maximum Residue Limits (MRL), 
in response to consideration of all overseas export market restrictions on 
chemical residues. 

 This process uses the following steps; 

30.1 Adoption of a conservative limit on MRLs for chemicals. 

30.2 Consideration of spray rates and timing to ensure these MTLs based on 
known date for chemical break down. 

30.3 Annual review in May each year of all chemicals used in grape production, led 
by the Australian Wine Research Institute. 

30.4 Annual publication of “Agrochemicals registered for use in Australian 
viticulture” commonly referred to as the “Dog Book”. 

 The FOPS recommendation that TAL be kept informed of the “AWRI Dog 
Book”2 recommendations and that the same standards be applied by TAL for 
any agrichemical applications (products, dosage and timing), is strongly 
supported.  The FOPS recommendation regarding advising TAL to avoid the 
use of Group 1, Phenoxy Acid herbicides is also strongly supported. 

Pests / Plant Diseases / Plant Pests 

 

 The FOPS report recommendation for TAL to adopt Vine Health Australia 
protocols is essential and it is further recommended that TAL review the 
protocols for other horticultural and broadacre agriculture crops to ensure that 
their protocols minimise biosecurity risk for all agricultural pursuits.  

 Further, the TAL BIH Exploration Drilling and Works SOP must also be 
reviewed in consideration of all agricultural activities, to ensure that all TAL staff 
have a demonstrable ongoing understanding of biosecurity risk factors.  

Potential Hydrological Agricultural Risk sources 

 The Adelaide Hills has natural resources conducive to a wide range of 
horticultural and agricultural enterprises through its soil types, topography and 
water (rainfall, surface and ground water) availability. 

 The proximity of the Adelaide Hills to Adelaide makes it an attractive living 
environment (village, urban, semi-urban and rural) as well as offering 
opportunities for tourism. 

 All these activities and their ongoing viability are dependent on water availability. 

                                                      

2 https://www.awri.com.au/wp-content/uploads/agrochemical_booklet.pdf 
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 The Western Mount Lofty Region (WMLR)3 water allocation plan (WAP) was 
implemented on September 17, 2013. 

Wastewater treatment 

 

 The Terramin application states that it will be managing wastewater and, 
depending on Water Allocation Plan restrictions,  that it will be needing to re-
inject water “particularly given that the mine will be extracting during the 
summer months and needing to re-inject that water to maintain water balance”. 
This issue is dealt with in the Groundwater section under Managed Aquifer 
Recharge (MAR)- (see paragraph 71). 

 

Groundwater 

 The TAL application details three key interventions to mitigate risks.  

39.1 Careful mine design to avoid high water yielding zones; 

39.2 Deploying a technique of probing and grouting 

39.3 Depressurising, treatment and Managed Aquifer Recharge (MAR) program 

 The FOPS report concludes that with these steps in place the potential impact 
on ground water should be restricted to an area contained within the boundary 
of the BIH Project site. The key effect is likely to be a localised cone of 
depression in surrounding extraction sites.  [I do not consider that FOPS has 
the expertise to form an opinion in relation to this matter.]   

 Further, review of the TAL application reports on Groundwater (Chapter 11, 
Surface Water, Bird in Hand Gold Project Mining Application MC 4473) 
indicates that there remains levels of doubt that have the potential to jeopardise 
access to Groundwater to a greater degree than that concluded in the FOPS 
report. 

 For the reasons set out in this report, TAL activity has the potential to 
significantly harm established viticultural and horticultural activity. 

 Indeed, TAL is seeking to undertake a project which has a declared shorter life 
than the time it would take viticultural / horticultural activity to recover from a 
worst-case scenario (see paragraph 62) and at a considerable cost imposition. 

                                                      
3 https://www.naturalresources.sa.gov.au/adelaidemtloftyranges/water/water-planning/water-
allocation-planning/western-mount-lofty-ranges 
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Managed Aquifer Recharge (MAR) 

 The TAL proposal has included MAR as an essential adjunct to the mining 
process. 

 Chapter 11, 10.6.1.6.1, states that “Some groundwater will enter the 
underground workings. Terramin recognise that to optimise the groundwater 
management system, Managed Aquifer Recharge is key to ensuring the 
protection of environmental values of groundwater and hence meeting the intent 
of the WMLR WAP”. 

 The practice of injecting water into aquifers for later reclamation is used in other 
viticultural regions (e.g. Langhorne Creek) and is regulated and monitored to 
ensure that there is no disruption or contamination of water supplies. However, 
in the case of Langhorne Creek, the aquifers are much less complex than that 
for the Adelaide Hills as the topography is virtually flat. The water source was 
from Bremer river floods, with monitoring for water quality in place before 
injection commenced.  

 To determine the impact of water injection in Langhorne Creek, trials were in 
place over several years to ensure that there was no adverse impact on water 
tables for the injecting bores as well as other bores in the vicinity of the trial. 

 The FOPS report does not discuss the possible implications of the proposed 
practice of re-injection, or its efficacy in maintaining water balance, or 
consideration of potential impacts on water quality within the aquifer.  

 This issue raises the question as to whether climate change impacts, including 
drought and temperature extremes should be included in the modelling on water 
availability as these events are now expected events rather than unexpected 
events. 

 The TAL proposed the following steps in response to unexpected events: 

50.1 10.7.1.4.1 “Contingencies will be in place to provide redundancy and capacity 
to manage any unexpected water inrushes effectively from both an 
environmental and safety aspect”.  

50.2 10.7.1.4.1 “If the hanging wall fault/fracture was intercepted unexpectedly, 
Terramin would expect to have the situation rectified significantly within the 2-
week period to ensure no impact to identified sensitive receptors (existing 
groundwater users)”. 

50.3 10.7.1.4.1 “In an unlikely worst-case scenario, operations would need to be 
suspended until a further solution was identified and approved by the mining 
regulator”. 

 This last scenario is completely unacceptable for any viticultural enterprise, more 
so if this occurs during the growing season and particularly if rainfall continues 
to be below average in the region. 
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 If a solution is not immediately apparent, then the implications for viticultural 
enterprises will cause financial stress which will worsen with time should a 
solution not be implemented as soon as possible. 

 For fully established vineyards4 affected vineyards during the growing season, 
particularly coinciding with a heatwave; 

53.1 Any issues in water availability will cause damage and reduction in grape 
production within two weeks. 

53.2 If water is unavailable for 4 weeks, then complete crop rejection is possible. 
This will also have implications for fruitfulness for the following season. 

53.3 For periods longer than two months vine death in established vineyards will 
begin in shallow soils, with variable impacts in deeper soils. This scenario would 
have implications on the viability of the vineyard and the need for remedial work 
to re-establish the vineyard over 2-4 seasons. 

 The TAL claim (10.7.1.4.1) that in the operations suspension scenario 
circumstances that there is “potential for utilising all MAR bores simultaneously 
to increase reinjection rates over the short term” does not offer a tangible solution 
for all affected vineyards. 

 In contrast, the FOPS report raises the issue of the possibility of waterlogging in 
a situation where there was extremely high rainfall loading, in addition to the MAR 
dewatering pumping regime.  

 I agree with the FOPS report suggestion that “it would be prudent for TAL to 
consider contingency injection sites should the mine ingress volume be higher 
than expected or the injection bore transmissivity be lower than modelled”. 

 The FOPS report goes on to suggest that “consideration should be given by TAL 
and adjoining agricultural irrigators as to the possibility to work with existing 
production bores as potential MAR sites to provide a level of positive insurance 
to irrigation supply and alleviate the pre-existing natural summer drawdown”. 

 Whilst this last recommendation provides a positive note to the potential of the 
MAR proposal there remains a level of risk to the underground water resource 
through this mining proposal which may have significant implications for the 
viticultural industry in the area.  

Potential Commercial / Market risk Sources for adjoining businesses 

 The FOPS report describes two key drivers for the region: 

                                                      
4 The period for vineyard establishment, from the time of planting, takes three years with intensive 
management (and up to five years without) to reach full production. 
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59.1 That Australia trades internationally on a platform of “clean and green” 
production environments: 

59.2 Agritourism is a key feature for the region. 

 Vineyards in the Adelaide Hills region were first established in the late 1970s. 

 Since the early 1980s there has been a growing presence of vineyard and winery 
establishments with focus on cellar door sales. 

 The Adelaide Hills Wine Region (AHWR) committee was established in the 
1990s as a regional wine association which focus on supporting for grape 
growers and winemakers in the region. Key Activities include; 

62.1 Support for 300 grape growers in the region5.  

62.2 Support for over 90 wineries and 54 cellar door operations in the region 
(https://www.adelaidehillswine.com.au/downloads/AHW_Cellar_Door_Guide.p
df ).  

62.3 Regional co-ordination of Sustainable Winemaking Australia program 
administered by the Australian Wine Research Institute on behalf of Wine 
Australia. This program provides the credentials for marketing the sustainable 
practise used in the production of Australian wine. 

62.4 An annual regional wine show. 

62.5 Two annual regional food and wine festivals for the Adelaide Hills. 

 In relation to the Adelaide Hills “Clean and Green” status, growers; 

63.1 Follow recommendations from the AWRI “Dog Book”. 

63.2 Enter all details into spray dairies (which are used as proof of spray compliance 
with the grape purchaser. 

63.3 Complete their annual returns for their relevant sustainability program 
(Sustainable Wine-making Australia [SWA] is now the standard for Australian 
grape growers). 

63.3.1 The Adelaide Hills Wine Region (AHWR) has been an active supporter 

of sustainable grape growing over the last decade. The driver has 

been to build on the high level of native vegetation in the region to 

demonstrate to overseas markets that there is significant effort in place 

                                                      
5 The Adelaide Hill region produced 16,002 tonnes of grapes in vintage 2019, with a grape purchases 
value of $24.6 million dollars. Challenging seasonal conditions in 2019 ha had significant impact on 
production. The tonneage for the 2018 vintage was 27,318, valued at $37.6 million, similar production 
and value figures to that of vintage 2017. (data is from the annual South Australian Winegrape Crush 
Survey available at https://vinehealth.com.au/industry/sa-winegrape-crush-survey/). 
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to both document and demonstrate improvement in sustainable grape 

growing.6  

63.3.2 The region began focus on sustainable practices in 2007 with 

development of its Environmental Management Program (EMP). This 

document was developed as five-year strategic plan and was 

launched in 2011. The document details over 80 targets for improving 

environmental and grape-growing sustainability. 

63.3.3 In 2015, AHWR joined the McLaren Vale Sustainable Australian 

Winegrowing (SAW) program as one of four regions piloting the 

program outside of McLaren Vale. This activity encouraged Wine 

Australia to review Australian sustainable grape-growing programs in 

2017/18, with Philip Manson, who was previously General Manager 

Sustainability with the New Zealand Winegrowers. The outcome of this 

review was that SAW officially closed on 30 June 2019 with 

Sustainable Winegrowing Australia (SWA) launching on 1 July 2019 

as the single national sustainability program for wine growers and 

producers in Australia.7   

63.3.4 AHWR was an inaugural participant in sustainable programs and is 

continuing to be a strong supporter of SWA. Maintaining this strong 

focus will be significantly challenged by having an active gold mine 

located in the established vineyard region in Woodside. 

Potential other agricultural stressors 

 The Adelaide Hills is a high-risk fire zone and TAL will need to be highly aware of its 
role in minimising fire risk both in its operations and in property management. 

 The discussion of smoke taint is an important for TAL employee awareness of 
the potential impact of burning off on site. 

65.1 Under regional fire ban regulations, fires are not permitted during the fire danger 
season (November 30 to May 1, under normal seasonal conditions). In normal 
growing seasons this would cover smoke taint risk periods. 

65.2 However, under the Fire and Emergency Services Act, 2005, it is possible to 
obtain a burning permit during the fire danger season. 

                                                      
6See https://www.adelaidehillswine.com.au/region/environment/ 
7 See https://mclarenvale.info/industry-development/sustainable-australia-winegrowing 
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65.3 TAL employees should be made aware of the risk of smoke taint to surrounding 
vineyards and advised that burning off should be restricted to vine dormancy 
periods (late May to early September in the Adelaide Hills). 

Grapevine water use during the growing season 

 Grapevines are often described as being “dry-grown” or “irrigated”. 

  “Dry-grown” grapes are usually found in regions where rainfall levels and soil 
characteristics are sufficient to sustain grapevine growth throughout the season 
and that there is minimal risk of moisture stress affecting either grape ripening or 
the ability of the vine to retain leaves until normal dormancy and autumnal leaf 
drop. 

67.1 In Europe “dry-grown” vines were more common as the combination of rainfall 
and soil depth allowed the retention of enough soil moisture for vines to have 
minimal moisture stress throughout the growing season. 

67.2 Changing climatic conditions are resulting in warmer and drier seasons in most 
grape-growing countries and many northern hemisphere grape-growing 
countries (e.g. France and Spain8) are having to change their regional 
appellation laws to permit “supplementary” irrigation to ensure that soil moisture 
levels will sustain grapevines throughout the growing season.  

 “Irrigated” vineyards have supplementary supplies of water (applied through drip, 
sprinkler or furrow irrigation) to enable the vine to complete its annual growing 
cycle in areas where there is insufficient natural rainfall and / or shallow soils 
which do not permit retention of sustainable annual soil moisture levels.  

 In Australia, the major grape-growing regions are generically classified into two 
regions described as being “warm irrigated” or “cool climate”. 

 The “warm irrigated” or “warm inland” regions include the Riverland, Sunraysia 
and the Murrumbidgee Irrigated Area which comprise approximately 41.2% of 
the total area planted in Australia and 58.7% of total annual grape production.  

 In these “warm irrigated” regions the focus is on tonnes of production of preferred 
varieties and irrigation is applied throughout the season. 

 In the “cool climate” regions the focus is mainly on the quality of production. 

 In the Adelaide Hills, grape growing is focused on premium wine production 
where yields are restricted in a similar fashion to European “dry grown” 
viticulture. 

 However, with shallow soils prevailing in the topography of the Adelaide Hills 
grape growing regions, supplementary irrigation at critical times is required to 

                                                      

8 https://irrigazette.com/en/news/irrigation-grapevines-europe-update-existing-legislation 
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ensure the harvest of grapes which meet premium wine production 
specifications. 

 Figure 1 is a table detailing the timing, amount and degree of control of soil 
moisture that is required during the growing season to ensure production of 
grapes that meet specification for production of premium wine in the Adelaide 
Hills. This includes both red and white varieties as well as for sparkling and dry 
wines specifications. 

 

Figure 1 Grapevine seasonal growth stages and comparison of soil moisture 
levels, as well as the degree of control, required at each growth stage. The colour 
coding for soil moisture includes Adequate (orange), Optimal (light blue) and the vital 
Restricted (red) category. The level of soil moisture control required ranges from 
minimal input (one-star, green), through to detailed input (two stars, light blue) and the 
essential fine detail (three-star, dark blue) period. 

 Figure 1 demonstrates that soil moisture  management during the annual growth 
cycle for vines ranges from minimal inputs during winter (apart from years with 
unseasonably dry winter rainfall) through to fine control in the six weeks 
immediately post-flowering as well as the detailed soil moisture management 
required during the final ripening stages from veraison9 onwards. 

 By applying these steps, grape growers can manipulate grape quality and ensure 
that the grapes produced have maximum opportunity to meet premium wine-
making specifications. 

 As an indication as to what manipulation of soil moisture management during 
these growth stages will achieve, two examples are detailed below: 

                                                      
9 Veraison is the term used when grapes begin to develop colour (particularly in red varieties) and 
soften. This period marks a change from the accumulation of grape flavour and colour precursor 
compounds to the final ripening stages which include sugar accumulation and the development of grape 
flavour and colour compounds. 
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78.1 Six weeks post-flowering. Immediately after set, there is rapid development of 
both the grape seed (embryo) and berry pericarp (ovary). The grape seed 
controls pericarp development which includes both cell division and cell 
enlargement. Berry size may be controlled at this time by restricting soil 
moisture which will inhibit the rate of cell division. By controlling this for six 
weeks post-flowering, small berries may be produced which, for red varieties10, 
will optimise the potential juice to skin ratio as the skin carries the flavour, aroma 
and colour compounds, whilst juice levels are minimised within a small berry. 

78.2 Veraison to harvest. Grape berry sugar accumulation and flavour, colour and 
aroma compound development are controlled by vine access to soil moisture. 
This process has a fine balance between extreme and deficit in terms of access 
to soil moisture. Too much soil moisture will result in large watery berries where 
flavour, colour and aroma compounds are diluted. Too little soil moisture will 
result in vine defoliation and the loss of photosynthates critical for sugar, colour, 
aroma and flavour accumulation. Any defoliation through vine stress cannot be 
recovered within the current growing season. 

 By following the soil moisture management regimes shown in Figure 1, growers 
are best able to fine tune the development of grapes meeting specifications for 
premium wine production. 

 This fine-tuning of grape crop management requires that there are no restrictions 
in access to water for irrigation.  A lack of access for as little as 1-2 days may be 
the difference between grape crops meeting premium wine production 
specifications or being down-graded, meaning lower returns to grape growers.  

 Periods of restricted or no access to water for more than two days may mean 
crop rejection, particularly where this restriction coincides with a heatwave.   

Water salinity issues 

 Salinity refers to the concentration of salts in water and or soil. 

 Salinity increases the osmotic pressure of water which decreases the ability of 
plants to absorb it. Furthermore, as some ions (e.g. chloride and sodium) 
increase in concentration they become toxic to plants and at high levels will begin 
to sodicity and destruction of soil structure.  

 Vines are more tolerant of salinity than most horticultural crops but will suffer 
adverse impacts on growth when irrigation water has salinities greater than 
1,200ppm11. 

                                                      
10 Note that white grape production specifications are usually different to those for red varieties. 
Specifically, there is more tolerance for larger berries for white wines and yet overwatering will still 
reduce grape quality parameters. 

11 http://www.mvwi.com.au/items/423/Rob%20Walker%20-%20Salinity%202010-11.pdf 



 

15 
Doc ID 665597733/v1 

 The Adelaide Hills region is a high rainfall region and this, combined with the 
elevated topography of the region means that salinity issue for grapevines are 
restricted to isolated low-lying areas in the region.  

 The TAL project is in the WMLR which has groundwater as maximums of 
1,000ppm which is well within the upper long-term sustainable limit of 1,200ppm 
(See FOPS, 7.2.2). 

 The TAL project also falls within the boundary of the EMLR catchment which has 
underground water resources that can have concentration of up to 4,000ppm. 
Mention is made of the possible use of MAR water to alleviate any risk of saline 
water contamination. However, there is a natural ground water divide between 
these catchments meaning there is little natural opportunity for risk of 
contamination. 

Heatwave management 

 Over the last five seasons, and in response to an increasing frequency of both 
heatwaves and monthly average temperature during summer12, grape growers 
been increasingly adopting the use of overnight watering during heatwaves to 
help minimise heat damage to grape crops13. 

 This overnight watering technique has a major benefit in that it cools undervine 
soil temperatures overnight as well as increasing vine capacity to take up soil 
moisture, allowing vines to maintain evapotranspiration, even under extreme 
conditions.  

 The Adelaide Hills region features horticultural and viticultural areas, renowned 
for their ability to access unrestricted water supplies. 

 This means that vineyards can apply overnight watering to reduce the risk of heat 
damage to grapes. 

 TAL’s Bird-in-hand project includes procedures that may put underground water 
supplies at risk.  

 This has the potential to affect water supplies at critical growth stages periods 
during the season as well as in heatwave periods, a situation which is unique to 
the mine proposal.  

93.1 Whilst the proposal states that risks to underground water supplies are 
“unlikely”, it includes clauses that TAL;  

93.1.1 Would “expect to have the situation rectified significantly within the 2-
week period” (see 89.2 in this report). 

                                                      
12 https://www.epa.sa.gov.au/soe-2018/climate/impacts-from-changes-in-temperature-and-rainfall 
13 https://www.wineaustralia.com/news/articles/night-watering-helps-vines-keep-their-cool 
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93.1.2 Proposes that “in an unlikely worst-case scenario, operations would 
need to be suspended until a further solution was identified and 
approved by the mining regulator” (see 89.3 in this report). 
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The risk and impact of reduced water supply on vine health and the quality of 
grape production 

 A continuing trend to warmer and drier conditions since the millennial drought 
has meant that access to water for irrigation for viticulture / horticulture is 
critical to ongoing production. 

 All Viticultural / Horticultural activity is reliant on the establishment of vineyards 
/ orchards over a period of 2-5 years in order to provide cropping levels of fruit 
that meet production specifications for winemaking purposes. 

 Ongoing access to irrigation water supplies is essential to ensure grape 
production to specification and any restrictions in access to water will prevent 
vineyards from producing crops that will meet winemaking specifications.   

 Depending on timing, any restrictions in water supply will result in either 
downgrading in quality (with concomitant decrease in payment for the grapes) 
or possible total rejection of the crop. 

97.1 Where vineyards have issues with water availability from veraison onwards, 
and particularly if the period occurred concomitant with a heatwave; 

97.1.1 Any issues with water availability have the potential to cause damage 
and reduction in grape yield and quality. 

97.1.2 If water is unavailable for more than 1-2 weeks, then complete crop 
rejection is possible. 

97.1.3 For periods longer than two weeks vines are at risk of defoliation. This 
will mean total crop loss and has implications for fruitfulness for the 
following season. 

97.1.4 During summer, as little as two months of lack of access to water, will 
begin to cause extreme stress and even vine death in shallow soils, 
with variable impacts in deeper soils. This scenario would have 
implications on the viability of the vineyard and the need for remedial 
work to re-establish the vineyard over 2-4 seasons. 

 Should water access be restricted for a second season, particularly where 
winter rainfall is below average, then vine decline will occur across the vineyard 
and vine death will continue in the shallower sections of the vineyard slowly 
progressing into deeper soil types. 

 Once functional vine cordon area drops below 90%, the economic viability of 
the vineyard will fall, leading to a decision to abandon the vineyard. 

 Revival of an abandoned vineyard, where irrigation water availability is 
restored, will require the following steps; 

100.1 Removal and replanting of vines at an estimated current cost of $10,000- 
$15,000 per ha including labour and materials.  This is a conservative estimate 
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and I have not undertaken a specific calculation in respect of re-establishing 
the Petaluma vineyard.   

100.2 A period of 2-5 years to return the vineyard to full production. 

  Loss of access to irrigation water has the following consequences; 

101.1 Loss of production for 4-10 years (vine removal, a prescribed fallow period and 
reestablishment). 

101.2 A cost of $10,000 – $15,000 per ha to re-establish vines.  Again, I have not 
undertaken a specific calculation in respect of re-establishing the Petaluma 
vineyard and this is a conservative estimate.  The estimate does not include 
consideration of the costs of removal of dead vines, soil amelioration, pre-
planting preparation, planting and vine training as well as the losses incurred 
during the period that an affected vineyard was not in production.  

101.3 The loss of winery value added returns which are currently considered to be at 
a multiple of 4-7 to that of the value of grapes to estimate final wine value14. 

 Any loss of access to ongoing supplies of water for irrigation has the potential for 
vineyard and winery operations to become non-viable. 

 Licence allocations for viticulture in the WMLR are prescribed at 2.2ML per ha. 
However, it is becoming apparent that this allocation may not be enough in the 
future, particularly if annual rainfall totals continue to decline, as has been noted 
in Lenswood (see Figure 2). 

                                                      
14 https://www.adelaide.edu.au/cies/documents/papers/Discussion_Paper0901.pdf, Economic 
contributions and characteristics of grapes and wine in Australia’s wine regions, Anderson et 
al (2009). 
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Figure 2 Full season rainfall data for Lenswood (Data BOM 23865), Long-Term 
Average (LTA) data is shown at right. This graph highlights years when the total season 
rainfall has been below the LTA. The red line highlights the LTA total rainfall. The black 
dotted line details the minimum rainfall required for the current water allocation of 2.2 
ML to match the LTA for that growing season. The purple dotted line shows the LTA for 
winter rainfall (May to August inclusive). 
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Appendix 1 – CV for Richard Hamilton 

 

Hamilton Viticulture Principal Consultant July 2010 - present 

Hamilton Viticulture provides consultancy services to the Australian Wine Industry. The work 
covered includes a wide range of projects for national industry bodies, for state and regional 
organisations, for large corporate wineries and small growers. Examples of work relevant to 
this project include; 

Adelaide Hills Wine Region 
Provision of a CropWatch service aimed at optimising yield and quality to specification for 
some 300 subscribers in the region, with the last season being the fourth contract for this 
group. This included weekly inspection of 6 vineyards over a 30-week period and 
preparation of weekly bulletins including information on pest and disease, seasonal 
conditions and the latest research and extension information available.  
 
Australian Wine Research Institute (AWRI) 
Provision of industry expert contribution, as well as presentations, for the AWRI’s regional 
seminar program presented in 5 regions in Western Australia. 
 
Grape and Wine Research and Development Corporation (GWRDC) 
Projects completed include;  
• Facilitating a workshop and providing a report on the latest in soil management 

practices.   
• A review of germplasm in Australia (jointly with Prue McMichael and Libby Tassie). 
• Writing of a standard with Standards Australia on grapevine propagation material 

(Document writer). 
 
NSW Department of Agriculture 
Contracted, jointly with the AWRI, for the “Provision of a Skills Development Program for the 
NSW Wine Grape industry” 
 
Treasury Wine Estates 
Contracted to chair the company’s biosecurity working group which focused on the 
development of a biosecurity programs. This project involved the development of a company 
phylloxera management policy. The policy was then launched through delivery of 7 seminars 
to all viticultural staff in the organisation.  
 
Viticultural consultancy 
Review of client vineyards, both large (>100Ha) and small, to provide advice and reports to 
enable improvement in grape production and meeting specifications for grape supply 
contracts.  
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Treasury Wine Estates National Viticulturist February 1998 - June 2010 

Responsible for strategic and technical viticulture advice for the company’s portfolio of 
10,000Ha with contribution to the grower liaison team’s portfolio of 600+ growers. Specialist 
areas included the application of precision viticulture tools to improve vineyard profitability, 
vine health and propagation. The role included advice and support for regional technical 
viticulturists in the major grape growing regions in Australia. During the Southcorp period of 
this role (1998 – 2001) I had responsibility for technical support for company vineyards in 
California 

 

Primary Industries and Resources South Australia 1986 - 1998 

Principal Consultant, Grapes, Citrus and Plant Health 1993 - 1998 
- Responsible across the portfolio for liaison with industry, Ministerial advice and 

management of projects and officers 
 
Senior Scientist, Plant Improvement and Virology  1988 – 1993 
- State virologist and manager of horticultural crop improvement programs across the 

State with responsibility for liaison across Australian horticulture research and advisory 
groups 

 
Station Manager, Nuriootpa Research centre  1986 – 1988 
- Station Manager and research trial coordinator for viticulture  

 
 
Wynn’s Winegrowers (now part of Treasury Wine Estates) 1984 – 1986 

- Manager of Wynn’s Padthaway Vineyard (200Ha)  
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Appendix 2 – Materials 

Chapter 10, Groundwater, Bird in Hand Gold Project Mining Application MC 4473 

 
Chapter 11, Surface Water, Bird in Hand Gold Project Mining Application MC 4473 
 
Chapter 22, Agricultural Impacts, Bird in Hand Gold Project Mining Application MC 4473 
 
Appendix U1, Agricultural Impact assessment, Bird in Hand Gold Project Mining Application 
MC 4473 
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 1 SCOPE 

The Bird In Hand Gold Mine Project is the subject of a Mining Lease Proposal.  An environmental noise 

assessment has been conducted by AECOM and is summarised in Appendix O3 AECOM 60535016 A17E01RP-

2 1 September 2017 (the noise assessment) of the proposal documentation. 

 

The noise assessment considers the construction and operation of the mine against the requirements of the 

Environment Protection (Noise) Policy 2007 (the Policy) and concludes that subject to recommended acoustic 

treatments, the mine will achieve the Policy.  Separate assessments have also been made to determine the 

additional treatments to achieve Leading Indicator Targets and to reduce the impacts of blasting. 

 

An independent review of the noise impact assessment has been conducted.  The review does not include 

independent measurements or modelling and amongst other things, was scoped to include: 

1. the appropriateness of the noise model inputs;  

2. whether the correct character penalties have been applied in accordance with the Policy;  

3. the appropriateness of excluding noise generated by blasting; 

4. the impacts of noise levels generated by the mine at the Petaluma and Bird in Hand wineries; 

5. the impacts of vibration and air overpressure generated by the mine at the Petaluma and Bird in 

Hand wineries 

 

The outcomes of the review are presented for each specific item. 

 

2 VENTILATION FANS – NOISE MODEL INPUTS 

Appendix N4 Ventilation Plan Mine Ventilation Australia BIH-001 1 May 2017 Rev 9 Final (the ventilation 

plan) provides details on the ventilation system during initial portal development and during operation. 

 

The ventilation plan indicates that the attenuated primary exhaust system achieves a total sound power level 

of 120 dB(A). 

 

Appendix O3 AECOM 60535016 A17E01RP-2 1 September 2017 (the noise assessment) provides details on 

the environmental noise impacts during construction and operation.   

 

The noise assessment provides sound power levels for the noise sources envisaged for the various stages of 

mine development.  The primary exhaust system is not included in the list of sources in Appendix A of the 

noise assessment.  However, Section 6.1 the noise assessment recommends that the system should achieve a 

23 dB(A) noise level reduction by incorporating pod type attenuators placed directly on the fans.   

 

Pod type attenuators should not be placed directly on the inlet or outlet of a fan due to the poor air flow 

conditions which can result.  Poor air flow conditions have the potential to increase noise levels and affect 

the ventilation performance. 
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 Based on the above, it is not clear if the required pod type attenuation can be practically incorporated into 

the design. 

 

The ventilation plan and the noise assessment do not align from a sound power level perspective and from a 

practical design perspective. 

 

3 BATCHING – NOISE MODEL INPUTS 

Section 4.1.5 of the noise assessment describes the batching plant to be contained within a colorbond© shed 

which is 6m long by 10m wide by 6m high.  Appendix A of the noise assessment provides a sound power level 

of 110 dB(A) for the batching plant. 

 

There will be variation in the dimensions and noise outputs of a concrete batching facility.   

 

It should be confirmed that the shed and the sound power level are sufficient when accounting for all 

hoppers, aggregate bins, loader movements and truck operations including loading and slumping. 

 

It is not confirmed that the concrete batching plant is of a scale which can readily be accommodated within a 

6m x 10m x 6m shed and within a sound power level of 110 dB(A) when accounting for all processes including 

aggregate bins, vibrating hoppers, loaders and truck activity including concrete mixing. 

 

4 IMPULSIVENESS - PENALTIES  

Penalties are applied by the Environment Protection (Noise) Policy 2007 (the Policy) for the presence of 

dominant and annoying characteristics when considered within the context of the existing ambient acoustic 

environment.  Any applicable penalties are added to the predicted noise levels prior to comparison with the 

assessment criteria provided by the Policy. 

 

The noise assessment adds a 5 dB(A) penalty for impulsive noise associated with ore loading into the surge 

bin and into the haul truck.  The noise assessment recommends enclosure of these activities.  It appears that 

the impulsive penalty has been removed from the predicted noise levels (following the inclusion of the 

enclosures) presented in Tables 16 and 17 of Appendix B. 

 

In the circumstance where an impulsive penalty was deemed to apply to a particular noise source, it would 

need to be reduced below the ambient noise environment in order to remove that penalty. 

 

It is not confirmed that the maximum noise levels associated with ore loading into the surge bin and into the 

haul truck are lower than the regular ambient noise levels in order to remove the impulsive characteristic. 
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 5 MODULATION - PENALTIES  

The noise assessment does not add a penalty for modulation whereas modulation is an inherent 

characteristic of mining activity with surface mobile equipment.  This aspect is important to the assessment 

outcomes as a modulation penalty would add 5 dB(A) to the predicted noise levels in the absence of any 

other characteristic penalty or would add 3 dB(A) in the circumstance where an impulsive penalty was still 

deemed to apply (refer to Section 4 above). 

 

An indication of the applicability of a modulating penalty is provided in Appendix O5 of the Mining Lease 

Proposal which includes an assessment against Leading Indicator Targets.   

 

Appendix O5 notes that the noise at the closest dwellings following implementation of the acoustic 

treatments recommended in the noise assessment (Appendix O3) is “controlled by heavy vehicles accessing 

the site……and….. the front end loader and articulated dump trucks on the mullock landform”. 

 

These sources inherently exhibit modulation; however, there is no objective analysis to determine the 

application of a modulating penalty in recognition of these noise sources in the noise assessment.   

 

The noise assessment does not consider the modulating characteristics of mobile plant and equipment which 

will operate at the mine and this could add up to 5 dB(A) to all predicted noise levels during operation. 

 

6 IMPACTS – CONSTRUCTION, OPERATION AND BLASTING 

Based on the current mining lease proposal documentation and subject to the information sought in this 

review, the construction and operation of the mine can result in audible noise and felt vibration which 

adversely impacts on the amenity of the locality.  

 

In addition, the assessment locations for the consideration of impacts should include all relevant points of 

annoyance on residential land or on a business premises.  An example of a valid assessment location would 

be where weddings were regularly held (subject to that location being approved by the relevant authorities 

for such activities). 

 

Bird In Hand has identified a location where weddings can occur on their land as depicted below.  This 

location should be included in the noise assessment. 
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The noise, vibration and overpressure assessments should consider other relevant locations which are closer 

than those currently assessed. 
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 7 REVIEW SUMMARY 

The following have resulted from the review: 

 

1. The ventilation plan and the noise assessment are inconsistent in both the design and sound power 

level of the primary exhaust system when taking into the account the practical design issues of 

achieving the required attenuation. 

2. It has not been confirmed that the concrete batching plant is of a scale which can readily be 

accommodated within a 6m x 10m x 6m shed and within a sound power level of 110 dB(A) when 

accounting for all processes including vibrating hoppers if relevant, loaders and concrete mixing. 

3. It has not been confirmed that the maximum noise levels associated with ore loading into the surge 

bin and into the haul truck are lower than the regular ambient noise levels in order to remove the 

impulsive characteristic. 

4. The noise assessment does not objectively consider the modulating characteristics of mobile plant 

and equipment which will operate at the mine.   

5. The noise, vibration and overpressure assessments should include other relevant locations. 

 

The recommendations have the potential to significantly modify the proposal.  For example, the inclusion of 

a modulating noise penalty (under Item 4) and the consideration of a noise sensitive location which is 

significantly closer than those currently assessed (under Item 5) could cumulatively add in the order of 

10 dB(A) to the predicted noise levels currently presented in the noise assessment for mine operation.  Such 

an order of increase would require significant additional treatments to the operations. 
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20 September 2019 
 
 
 
Ms Kate Brandon 
HWL Ebsworth Lawyers 
Level 21 Westpac House, 91 King William Street 
ADELAIDE  SA  5000 

 
 
Dear Ms Brandon, 
 
BIRD IN HAND GOLD MINE 
 
I am in receipt of your request relating to the potential traffic impact associated with the proposal 
to commence mining of the Bird in Hand gold deposit located adjacent Pfeiffer Road, Woodside. 
You have sought my view in respect to the potential traffic impacts associated with the proposed 
facility. 
 
Specifically, you have requested that I address the following matters: 

 

(a) whether the traffic assessment at Appendix F1 of the Application relied upon by Terramin is appropriate; 

and 

(b) any safety issues that arise from proposed haulage routes and vehicles. 

 
In forming my view in relation to the proposal as it relates to traffic and transport matters I have 
reviewed the following documents: 
 
 Transport Assessment prepared by Tonkin Consulting (February 2018); 

 Mining Lease Application Chapters: 

 3: Description of Proposed Mining Operations; 

 6: Assessment Methodology – Impact Assessment; and 

 8: Traffic. 

 Mining Lease Application Appendices: 

- E1 – Impact Assessment; and 

- F1 – Transport Assessment; 

 the Traffic Focus Group Discussion, dated 16 August 2017; 

 the Adelaide Hills Council Update (27 March 2018); and 

 traffic volume data provided on the Terramin website (Frequently Asked Questions). 
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I have also inspected the subject site and proposed haul route. 
 
In reviewing the appropriateness of the traffic assessment that has been relied on by Terramin in 
relation to this matter, two key considerations are relevant, namely: 
 
 whether the assessment was completed in accordance with the relevant guidelines; and 

 whether adequate information has been provided in the document to understand potential 
traffic implications associated with the proposal. 

Chapter 8 of the mining lease application includes an “Assessment Method” which provides the 
following information: 

 

“The traffic assessments (see Appendix F1) have been undertaken by Tonkin Consulting Pty Ltd (Tonkin) in 

accordance with procedures outlined in the Department of Planning, Transport and Infrastructure (DPTI) 

Restricted Access Vehicle Route Assessment document.” 

 
This methodology is confirmed within the introduction of the Tonkin Transport Assessment. The 
introduction of the Tonkin Transport Assessment also provides the following information 
 

“The purpose of this assessment is to provide the Department of Planning, Transport and Infrastructure (DPTI) 

guidance in the gazettal of the three assessed routes and the traffic impact to the road network surrounding the 

mine site.” 

 
and confirms the key objectives of the traffic assessment as: 
 

 “Conduct a preliminary route assessment to review three haulage routes from the proposed mine site to the 

Angus Zinc Mine site at Strathalbyn. This will include potential treatment options and costs for identified 

infrastructure upgrades required to facilitate safe haulage; 

 Visit the site and determine the suitability of the proposed access point in regards to sight distances and other 

developments. In particular the mine access location relative to the proposed Adelaide Polo Club development 

access location opposite the subject site on Pfeiffer Road will be considered; 

 Collect and review existing traffic data (volumes and crash statistics) around the site and key roads part of the 

haulage routes; 

 Determine the preferred haulage vehicle for the movement of ore from the mine site to the processing plant; 

 Review and estimate trip generation for all traffic associated with the mine based in the anticipated 

production rates for the mine by Terramin; 

 Analyse traffic distribution and assess impacts of additional vehicle traffic as a result of the mining 

operations” 

 
The relevant authority in regard to heavy vehicle routes, however, is the National Heavy Vehicle 
Regulator (NHVR). In regard to granting access to a road, the NHVR provides the following advice: 
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“The Heavy Vehicle National Law (HVNL) provides that certain classes of heavy vehicles (restricted access 

vehicles), despite being registered and compliant with the HVNL and other legal requirements, may only be used 

on a public road if the operator has been granted access through a notice or permit (mass or dimension 

authority) from the National Heavy Vehicle Regulator (NHVR). Restricted access vehicles are subject to 

restrictions to ensure that the use of these vehicles does not endanger public safety, and to minimise or avoid any 

adverse impact on road infrastructure and public amenity.  

 

The Approved Guidelines for Granting Access (currently being updated) contains high-level guidance and clarity 

on aspects of heavy vehicle access decision making under the HVNL. The HVNL requires that road managers, road 

authorities and the NHVR must ‘have regard to’ these guidelines.” 

 
Accordingly, while it is relevant to consider the DPTI document, it is the NHVR guidelines that are 
specifically relevant to the assessment of Heavy Vehicle Routes. 
 
In relation to the NHVR assessment requirements, it provides the following definition for a route 
assessment: 
 

“A route assessment is an assessment of the impacts, or likely impacts, of relevant restricted access vehicle use 

on road infrastructure in the areas or on the routes requested in the application for access. This can include 

structural assessments on bridges, pavements, culverts, tunnels and the like, as well as geometrical assessments 

such as swept paths at intersections, stacking distances and overtaking provision. It does not include assessment 

of non-road infrastructure elements including amenity issues or public consultation processes.” 

 

A route assessment, therefore, considers the geometrical and infrastructure impacts but does not 
extend to road safety requirements or traffic impact as it relates to the amenity or safety for other 
road users. 
 
In order to provide a holistic assessment in respect to the potential traffic impact for the project, 
the following documents would be required: 
 
 a heavy vehicle route assessment, prepared in accordance with the NHVR Guidelines, 

 a Road Safety Audit of the proposed Haulage Route; and 

 a traffic impact assessment in accordance with Austroads Guidelines. 

 
The Tonkin Transport Assessment does, in part, extend beyond the specific review required in a 
heavy vehicle route assessment. However, it fails to provide key information which will identify 
potential impacts associated with the proposed operation, specifically in relation to the haulage 
route and associated impacts and risks to the community on the public road. It also includes 
assumptions in respect to responsibilities for infrastructure delivery, without considering the role 
or design criteria for the road. 
 
Further, the details in the relevant Chapters of the mining lease application have not recognised a 
number of the issues raised in the Tonkin Transport Assessment. I have detailed a number of 
specific issues below. 
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Traffic Volumes 
 
The traffic volume data for Pfeiffer Road in the assessment were collected three times during April 
2014 and February 2015 and identified a daily traffic volume of between 950 and 1,050 vehicles 
on Pfeiffer Road, with a heavy vehicle proportion ranging between 16% in April 2014 and 10% in 
January 2015. 
 
The above period coincided with the construction of the new cellar door facility at Petaluma 
winery. Accordingly, both the volumes and commercial vehicles proportion will include 
construction vehicle traffic associated with the Petaluma winery and thus cannot be relied on for 

comparative purposes to assess potential impact on the road. 
 
A subsequent traffic count was completed between 29 November 2017 and 5 December 2017. 
Tonkin reported the results of these counts to be: 
 
 a 24 hour traffic volume of 944 vehicles; 

 879 cars in this period; and 

 74 (8.4%) trucks in this period. 

 
Interrogation of the actual count data identified the following: 
 

 the percentage of total heavy vehicles recorded in 2017 was 7.8% (not 8.4%); 

 of those, 52 (5.5%) were rigid body trucks; and 

 12 (1.3%) were articulated trucks. 

 
The Tonkin Transport Assessment identified the following forecast trips associated with the mine 
operation: 
 
 46 trips per day in domestic vehicles; 

 4 trips per day in trucks other than haulage trucks; and 

 24 trips per day in haulage vehicles (identified as being a 19.0 m long rigid truck and dog). 

 
The Tonkin Transport Assessment then provided the following commentary: 
 

“Table 9.1 indicates a commercial vehicle increase of 17.9% on Pfeiffer Road, from 1 vehicle every 4.5 minutes to 

1 vehicle every 3.8 minutes (i.e. 2.5 additional vehicles per hour; 50% laden, 50% unladen). It is expected this 

percentage increase of commercial vehicles over the lifetime of the mine operation (10 years) on Pfeiffer Road, is 

likely to result in an accelerated deterioration of the road and increased maintenance.” 
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The above assessment has failed to differentiate the impact between large articulated vehicles 
and other trucks. There is a considerable larger impact and design requirement associated with 
large articulated trucks when compared with smaller rigid trucks. 
 
By way of comparison, the 2017 traffic count data identified, on average, 12 trips per day related 
to articulated vehicles using Pfeiffer Road. Adopting the Tonkin forecast for the proposal, there 
would be 24 trips using articulated vehicles which equates to an increase of 200%. Using Tonkin’s 
analogy, this would equate to an increase from one articulated truck every 50 minutes to one 
articulated truck every 16.7 minutes. 
 

The Tonkin Transport Assessment has, therefore, considerably underestimated the impact 
associated with the haulage operation 
 
Haulage Vehicle 
 
The Tonkin Transport Assessment has provided a comparison of various types of haulage vehicle. 
It identifies varying constraints including the ability of the road geometry to cater for the proposed 
vehicle type. In relation to this, the Tonkin report provides the following advice: 
 

“Route assessment investigations as described in sections 3 to 7 (inclusive) identify the infrastructure upgrades 

required to cater for the potential haulage routes.  

 

The 19m Semitrailer and 19m Truck and Dog (both of which are general access vehicles (GAV)) should not require 

road network upgrade, as it is expected that these vehicles can travel anywhere on the public road network 

unless there are restrictions for mass.  

 

Where upgrade is required to cater for these vehicles, there is valid reason for the cost of upgrade to be met (at 

least in part) by the owner/operator of the asset.  

 

Use of a 26m B-Double will require additional infrastructure investment.” 

 
A copy of the Tonkin Transport Assessment provides an assessment of the anticipated heavy 
vehicle volumes per day based on the capacity of these various vehicles. 
 

This assessment is documented in Table 8.3 of the Tonkin Transport Assessment which identifies 
the following possible truck movements for the varying vehicle types: 
 
 19.0 m semi-trailer -32trips; 

 19 m Rigid Truck and Dog -24trips; and 

 26 m B-Double -20trips. 

 
Chapter 8 of the mining lease application confirms that the proposal is to utilise a 19.0 m truck and 
dog combination, given that this arrangement will provide for less movements and that the 
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vehicle is a general access vehicle. This is reinforced in Chapter 3 of the mining lease application 
which provided the following information: 
 

“The proposed haulage vehicle is a Tipper Truck and Dog trailer <19m length (Truck and Dog). This vehicle is 

rated as a General Access Vehicle (GAV). General Access Vehicles (GAV) comply with mass and dimension 

requirements and do not require a notice or permit to operate on the road network.” 

 
The issue with this assessment, however, is that the trip number forecast for the proposed 
haulage regime is based on an assumption that the load capacity for a truck and dog is 50 T. The 
Common Heavy Freight Vehicle Configurations are prescribed by the NHVR. The relevant table is 

included in Appendix A and identifies the following: 
 
 a 19.0 m rigid truck and dog combination vehicle does fall within the General Access Vehicle 

criteria where it complies with prescribed mass and dimension requirements; and 

 the maximum regulatory mass which is permitted within the General Mass Limit is 42.5 T. 

 
In order for a rigid truck and trailer combination vehicle that can accommodate a 50 T load 
capacity to be utilised, the proposal would need to satisfy one of the following two criteria: 
 
 achieve a gazetted or permit for the route to be utilised as an HML (High Mass Limit) route, in 

accordance with the NHVR requirements; or 

 utilise a PBS vehicle which satisfies relevant NHVR requirements, provided the permit for the 
PBS vehicle (which is a requirement as identified by HVNL) does not preclude use of any 
portion of the prescribed route. 

 
Both of these options will require an assessment and permit (or gazettal) to be obtained. Should 
this not be realised, and a general access vehicle be utilised, the number of heavy vehicle trips will 
be greater than envisaged in the mining application (i.e. consistent with that identified for a 
semi-trailer with a 42.5T GML). 
 
Road Classification 
 

The Tonkin Transport Assessment has only identified the roads in its assessment as either arterial 
or local roads. There are, however variations in respect to the classification of roads within those 
categories. 
 
In developing appropriate road classifications, DPTI adopts a functional hierarchy assessment 
which considers the various needs of all road users. The Future Directions report prepared by DPTI 
in 2012 provides the following advice in respect to road classification:  
 

“South Australia’s land transport corridors (including road and rail) are a key component of the urban and 

regional environment and provide for a variety of different transport modes and users (ie functions), such as 
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public transport, freight, bicycle, pedestrian and car movements. Some corridors provide for longer distance 

travel, while the primary purpose of others is to cater for access to local communities. 

 

Roads are not all the same. While many roads look similar, each needs to provide its own specific function (or 

combination of functions) depending upon its location in the transport network, the type and volume of users and 

volume of users and the adjacent land use. 

 

A functional hierarchy identifies which transport corridors need to primarily cater for the various transport modes 

and users (eg public transport, freight, etc.) on the transport network. For example, a cycling route represents a 

strategically important transport link for cyclists. That is not to say that cyclists do not use other roads and paths, 

but those corridors identified on the functional hierarchy are key links in the transport network for that mode of 

transport.” 

 
In relation to the subject assessment, there has not been adequate detail provided in respect to 
the role of the various roads along the proposed haulage route. For example, while Woodside 
Road in Nairne (labelled Nairne Road in the Tonkin Transport Assessment) is an arterial road, its 
primary role is to provide access for the local community. It provides for direct residential access 
to properties, pedestrian access to local playground and recreation facilities and a primary school 
and forms part of a bus route. The road does not provide for significant heavy vehicle 
requirements. 
 
The Tonkin Transport Assessment has not recognised the varying impact on routes where the 

primary function of the road does not contemplate regular use by large commercial vehicles. 
Associated amelioration measures required to mitigate potential safety impacts for vulnerable 
road users have therefore not been identified. 
 
Traffic Impact Assessment 
 
The details provided in the traffic impact assessment section of the Tonkin Transport Assessment 
relate to the potential impact on the road pavement. For example, the assessment provides the 
following advice: 

 

“The percentage increase of commercial vehicles on Nairne Road, Bald Hills Road and South-Eastern Freeway 

(between 1% and 10%) is not expected to have a significant adverse impact on the road condition over the 

lifetime of the mine.” 

 
The Austroads Guidelines are a suite of road safety and design documents which provide relevant 
design and road assessment criteria for practitioners Australia wide. DPTI adopt these guidelines 
as the basis for road safety assessment and design criteria. Austroads “Guide to Traffic 
Management – Part 12: Traffic Impacts of Developments” provides guidance in respect to the 
requirements for a traffic impact assessment associated with land use developments. The Purpose 
and Scope of this document provides the following information: 
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“This Guide helps traffic and transport practitioners identify and manage the impacts on the road system arising 

from land use developments. The impacts being considered are those directly affecting road use and road users 

of all classes, from large freight vehicles and buses to cyclists and pedestrians…. 

 

The outcomes of these identifications, assessments and determinants are the elements of a Traffic Impact 

Assessment (TIA). The TIA is usually presented as a report which provides the road agency, town-planning 

authority and others with an adequate understanding of the issues, and the actions required for the development 

to proceed.” 

 
The Tonkin Transport Assessment does not provide any assessment of the impact of the proposed 

development on other road users along the proposed haulage route. The identification of 
potential impact to pavement life is one factor to consider in respect to maintenance 
requirements for the life of the mine but significant potential safety impacts along the route 
warrant further investigation. 
 
It is evident that the potential safety impacts along the route have not been recognised within the 
mining application assessment as they are not documented in either Section 8 (Transport) or 
Appendix E1 (Impact Assessment). Specifically, the following advice is included in Section 8: 
 

“Terramin expect the increase in road safety risk to be negligible.” 

 
One example where the traffic impact assessment has not provided adequate detail in respect to 

the potential increase in risk to the community and existing road users is that it makes no 
assessment or reference to the potential conflict between existing road users and heavy vehicles 
on Woodside Road in Nairne. The traffic assessment does not detail any traffic impact on this road 
and no impacts are recognised in the Impact Assessment. 
 
There are significant potential impacts between existing road users and the large heavy vehicles 
which have not been identified in the transport assessment or in the impact assessment. The lane 
widths on Woodside Road within Nairne narrow to 3.0m which is less than the recommended 
width on heavy vehicle routes (minimum lane width 3.5m) in Austroads and there are increased 
conflict risks between vehicles turning at intersections, vehicles accessing residential properties 
and pedestrians crossing the road or walking to the school. In this example, the increased road 
safety risk is not negligible and the potential impact should be identified as part of the assessment.  

 
Road Upgrade Requirements 
 
Chapter 3 of the mining lease application identifies that there is a need to upgrade the Pfeiffer 
Road/Nairne Road intersection, albeit it identifies the existing intersection as not being ‘fit-for 
purpose’ to cater for existing traffic requirements. 
 
In relation to the broader haulage route, Chapter 3 provides the following advice: 
 

“The use of smaller GAV for haulage complied with the existing ratings along the proposed haulage route and 

presented a cost effective solution to haulage.” 
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The application identified no requirement for amelioration measures or improved infrastructure 
on the balance of the haulage route, despite numerous upgrade requirements being identified in 
the Tonkin Transport Assessment. The application relies on the use of a General Access Vehicle 
and that such a vehicle should already be provided for on the assessed route. 
 
Notwithstanding that the vehicle currently proposed is not a GAV, the design requirements for 
road networks do not necessarily demand access for all types of vehicles. Austroads “Guide to 
Road Design – Part 4: Intersections and Crossings – General” provides the following advice in 
respect to design vehicles: 
 

“In general, the choice of design vehicles and checking vehicles for on-road facilities will depend on the functional 

classification of the road or roads involved (e.g. at an intersection or driveway), the composition of the traffic and 

design economics.” 

 
and; 
 

“The physical and operating characteristics of vehicles using the road control some specific elements in geometric 

design. The selection of the appropriate design vehicle for a particular intersection or turning movement should 

be based on the functional classification of the intersecting roads as this reflects the composition of traffic 

expected at the intersection.” 

 
It cannot be taken as a given, therefore, that an existing intersection will accommodate the 

turning path of a 19.0m long semi-trailer (or truck and dog). An assessment of the change in 
vehicle type and potential change in nature of traffic using the road is required to identify the 
infrastructure requirements along the route and any associated upgrades. 
 
For example, the Tonkin Transport Assessment provides the following advice: 
 

“The section of Nairne Road between North Road and Old Princes Highway requires significant works to cater for 

the proposed haulage vehicles. Nairne Road begins to narrow in this section, and in conjunction with a crest, 

multiple local road access points to Nairne Road and an increase of residential density, this creates a significant 

hazard between haulage vehicles and the public. Road widening is recommended throughout this section to 

provide the necessary travel lane widths for the haulage vehicles and to improve safety to other motorists. The 

detailed route assessment as part of the next stage of the mining lease proposal will identify specific works 

required for the upgrade to this section of Nairne Road.” 

 
The above advice is not reflected in either Chapter 3 in relation to “New Construction Roads and 
Upgrades” or in the Impact Assessment. 
 
In addition, the route assessment criteria considered in the Tonkin Transport Assessment do not 
take into consideration the additional requirements associated with heavy vehicles. These are 
documented in Austroads Technical Report AP-T293-15 Road Design for Heavy Vehicles. This 
document provides guidance on the additional impact on pavement, stopping sight distance 
requirements and acceleration requirements associated with heavy vehicles. 
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Of particular note is that the sight distance requirement to heavy vehicles is increased (due to the 
additional time necessary for these vehicles to stop). Accordingly, there will be a negative impact 
on road safety at any location where sightlines are currently constrained. 
 
Safety Implications 
 
A detailed Road Safety Audit in accordance with the Austroads Guidelines is warranted to 
understand safety issues along the proposed haulage route. This will identify where road safety 
improvements are required to satisfy appropriate Standards and guidelines, given the increased 
risk associated with the haulage vehicles on the road network. 

 
Appendix B includes a series of plans which identify potential road safety risks on the proposed 
haulage route. Of particular significance are the following issues: 
 
 potential impact and high safety risk associated with conflict between haulage vehicles and 

domestic vehicles and pedestrians on Woodside Road, Nairne; 

 potential conflict risk between haulage vehicles and domestic vehicles adjacent the Woodside 
Barracks and Crest development on Nairne Road at Inverbrackie; 

 increased crash risk at the Pfeiffer Road/Nairne Road intersection; and 

 potential increase in crash risk at locations where sight lines do not meet standard 
requirements for heavy vehicles. 

 
Summary 
 
Having reviewed the proposed mining lease application and associated documents as they relate 
to transport matters, I am of the view that there are a number of deficiencies in respect to the 
assessment and that the application has neither identified or sought to resolve significant road 
safety implications associated with the proposed mining operations. 
 
In response to your specific instructions, I provide the following advice: 
 
 I do not consider that the Tonkin Transport Assessment relied on by Terramin is appropriate. 

In particular, the assessment did not include a traffic impact assessment in accordance with 
Austroads assessment criteria or a Road Safety Audit; and 

 there are significant safety issues associated with the proposal. Of these, a number were 
identified in the transport assessment but no amelioration measures proposed, albeit 
additional safety impacts were not identified in this report. 
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The absence of identified risks on the haulage route in the Impact Assessment is significant and 
confirms that the potential traffic impact to the community on the public road network warrants 
further investigation. 
 
Yours sincerely, 
MFY PTY LTD 

 
MELISSA MELLEN 
Director 

 
Encl. Appendix A: NHVR Combination Vehicle Table 
 Appendix B: Road Safety Assessment 
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Appendix A 
 
NHVR Combination Vehicle Table  
 
  



Description Maximum Length (metres)
Maximum Regulatory 
Mass under GML (tonnes) 

Maximum Regulatory 
Mass under CML (tonnes) 

Maximum Regulatory 
Mass under HML (tonnes) 

1. COMMON RIGID TRUCKS - GENERAL ACCESS

(a)
6.0t            9.0t

2 Axle Rigid Truck ≤ 12.5 15.0 CML does not apply -

(b)
6.0t          16.5t

3 Axle Rigid Truck ≤ 12.5 22.5 23.0 -

(c)
6.0             20.0t

4 Axle Rigid Truck ≤ 12.5 26.0 27.0 -

(d)
10.0t*      16.5t

4 Axle Twinsteer Rigid Truck ≤ 12.5 26.5 27.0 -

(e)
10.0t*       20.0t

5 Axle Twinsteer Rigid Truck ≤ 12.5 30.0 31.0 -

2. COMMON SEMITRAILER COMBINATIONS  - GENERAL ACCESS

(a)
6.0t         9.0t                    9.0t

3 Axle Semitrailer ≤ 19.0 24.0 - -

(b)
6.0t          9.0t                    16.5t

4 Axle Semitrailer ≤ 19.0 31.5 32.0 32.0

(c)
6.0t         9.0t                     20t

5 Axle Semitrailer ≤ 19.0 35.0 36.0 37.5

(d)
6.0t          16.5t                    16.5t

5 Axle Semitrailer ≤ 19.0 39.0 40.0 40.0

(e)
6.0t          16.5t                    20.0t

6 Axle Semitrailer ≤ 19.0 42.5 43.5 45.5

3. COMMON RIGID TRUCK AND TRAILER COMBINATIONS (General access when complying with prescribed mass and dimension requirements)

(a)
6.0t            9.0t      9.0t**  9.0t**

2 Axle Truck and 2 Axle Dog Trailer ≤ 19.0 30.0 - -

(b)
6.0t             9.0t            15.0t         

2 Axle Truck and 2 Axle Pig Trailer ≤ 19.0 30.0 CML does not apply -

(c)
6.0t         16.5t         9.0t  9.0t

3 Axle Truck and 2 Axle Dog Trailer ≤ 19.0 40.5 41.0 -

(d)
6.0t         16.5t               15.0t

3 Axle Truck and 2 Axle Pig Trailer ≤ 19.0 37.5 CML does not apply -

(e)
6.0t         16.5t         9.0t**  16.5t**

3 Axle Truck and 3 Axle Dog Trailer ≤ 19.0 42.5 43.5 -

(f)
6.0t          16.5t                 18.0t

3 Axle Truck and 3 Axle Pig Trailer ≤ 19.0 40.5 CML does not apply -

(g)
6.0t         16.5t         16.5t**   16.5t**

3 Axle Truck and 4 Axle Dog Trailer ≤ 19.0 42.5 43.5 -

(h)
10.0t*       16.5t        9.0t   16.5t

4 Axle Truck and 3 Axle Dog Trailer ≤ 19.0 42.5 43.5 -

(i)
10.0t*       16.5t        16.5t**     16.5t**

4 Axle Truck and 4 Axle Dog Trailer ≤ 19.0 42.5 43.5 -

4. COMMON B-DOUBLE COMBINATIONS - CLASS 2

(a)
6.0t          16.5t                16.5t                       16.5t

7 Axle B-double ≤ 19.0 55.5 57.0 57.0

(b)
6.0t           16.5t                20.0t                      16.5t

8 Axle B-double ≤ 26.0 59.0 61.0 62.5

(c)
6.0t         16.5t                 16.5t                       20.0t

8 Axle B-double ≤ 26.0 59.0 61.0 62.5

(d)
6.0t          16.5t                 20.0t                     20.0t

9 Axle B-double ≤ 26.0 62.5 64.5 68.0

5. COMMON TYPE 1 ROAD TRAINS - CLASS 2

(a)
6.0t          16.5t                    16.5t         16.5t                     16.5t

9 Axle A-double ≤ 36.5 72.0 74.0 74.0

(b)
6.0t          16.5t                    20.0t            16.5t                     20.0t

11 Axle A-double ≤ 36.5 79.0 81.0 85.0

(c)
6.0t         16.5t                     20.0t            20.0t                    20.0t

12 Axle A-double ≤ 36.5 82.5 84.5 90.5

(d)
6.0t          16.5t                 20.0t                    20.0t                      20.0t

12 Axle Modular B-triple ≤ 35.0 82.5 84.5 90.5

(e)
6.0t          16.5t                 20.0t                    20.0t                      20.0t

12 Axle B-triple ≤ 36.5 82.5 84.5 90.5

(f)
6.0t         16.5t                    20.0t            16.5t                   20.0t                      20.0t

14 Axle AB-triple ≤ 36.5 99.0 101.0 107.5

(g)
6.0t         16.5t                    20.0t            20.0t                   20.0t                     20.0t

15 Axle AB-triple ≤ 36.5 102.5 104.5 113.0

(h)
6.0t           16.5t         16.5t     16.5t       16.5t     16.5t

11 Axle Rigid Truck and 2 Dog Trailers ≤ 36.5 88.5 90.5 91.0

6. COMMON TYPE 2 ROAD TRAINS - CLASS 2

(a)
6.0t          16.5t                   20.0t            16.5t                     20.0t            16.5t                     20.0t

16 Axle A-triple ≤ 53.5 115.5 117.5 124.5

(b)
6.0t          16.5t                    20.0t           20.0t                     20.0t           20.0t                     20.0t

18 Axle A-triple ≤ 53.5 122.5 124.5 135.5

(c)
6.0t         16.5t                     20.0t           20.0t                  20.0t                      20.0t

15 Axle AB-triple ≤ 44.0 – Classified by the NHVR 
as Type 1 when L ≤ 36.5m 102.5 104.5 113.0

(d)
                                        6.0t         16.5t         16.5t      20.0t        16.5t    20.0t

13 Axle Rigid Truck and 2 Dog Trailers ≤ 47.5 – Classified by the NHVR 
as Type 1 when L ≤ 36.5m 95.5 97.5 102.0

(e)
6.0t          16.5t                 20.0t                      20.0t           16.5t                   20.0t                     20.0t

17 Axle BAB-Quad ≤ 53.5 119.0 121.0 130.0

(f)
6.0t         16.5t                 20.0t                     20.0t            20.0t                  20.0t                     20.0t

18 Axle BAB-Quad ≤ 53.5 122.5 124.5 135.5

(g)
6.0t          16.5t                    20.0t            16.5t                  20.0t                  20.0t                     20.0t

17 Axle ABB-Quad ≤ 53.5 119.0 121.0 130.0

(h)
6.0t         16.5t                    20.0t            20.0t                  20.0t                   20.0t                     20.0t

18 Axle ABB-Quad ≤ 53.5 122.5 124.5 135.5

*Add one tonne if twinsteer axle group is load sharing.**The mass of a dog trailer shall not exceed the mass of the towing vehicle under Schedule 1, Part 1, section 2(4) of the Heavy Vehicle (Mass, Dimension and Loading) National Regulation.
Please note, additional limits are allowed for steer axles under Schedule 1, Part 2 of the Heavy Vehicle (Mass, Dimension and Loading) National Regulation. © Copyright National Heavy Vehicle Regulator 2018, creativecommons.org/licenses/by-sa/3.0/au

National Heavy Vehicle Regulator
Common Heavy Freight  
Vehicle Configurations

Disclaimer: This diagram shows some of the common heavy vehicle combinations used in Australia. Other heavy vehicle configurations may not be 
represented. The mass and length limits shown are from the Heavy Vehicle (Mass, Dimension and Loading) National Regulation (the MDL Regulation) 
and are provided for general guidance only. These limits are available only to vehicles that comply with all other regulatory requirements (e.g. width 
and height limits, tyre width, vehicle standards, load restraint, suspension type etc). In some circumstances, other mass concessions and length limits 
may also be available. The NHVR website provides links to the MDL Regulation and to national and state Notices which may apply, depending on 
individual circumstances. For further information, contact the NHVR at 1300 MYNHVR (1300 696 487) or info@nhvr.gov.au or www.nhvr.gov.au/contact-us
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